USD Bnited States W- I d I = -
= Rty e IlHdian ire in
a— of Agriculture

Forest Service

wonens 2COSYStEMS

Research Station
General Technical

Shmee ™ Eire and Nonnative Invasive Plants

September 2008

fOFEST SERVIC[

UA

)
%mroﬂﬂﬁ




Zouhar, Kristin; Smith, Jane Kapler; Sutherland, Steve; Brooks, Matthew L. 2008. Wildland fire in ecosystems:
fire and nonnative invasive plants. Gen. Tech. Rep. RMRS-GTR-42-vol. 6. Ogden, UT: U.S. Department of
Agriculture, Forest Service, Rocky Mountain Research Station. 355 p.

Abstract—This state-of-knowledge review of information on relationships between wildland fire and nonnative
invasive plants can assist fire managers and other land managers concerned with prevention, detection, and eradi-
cation or control of nonnative invasive plants. The 16 chapters in this volume synthesize ecological and botanical
principles regarding relationships between wildland fire and nonnative invasive plants, identify the nonnative invasive
species currently of greatest concern in major bioregions of the United States, and describe emerging fire-invasive
issues in each bioregion and throughout the nation. This volume can help increase understanding of plant invasions
and fire and can be used in fire management and ecosystem-based management planning. The volume’s first part
summarizes fundamental concepts regarding fire effects on invasions by nonnative plants, effects of plant invasions
on fuels and fire regimes, and use of fire to control plant invasions. The second part identifies the nonnative invasive
species of greatest concern and synthesizes information on the three topics covered in part one for nonnative inva-
sives in seven major bioregions of the United States: Northeast, Southeast, Central, Interior West, Southwest Coastal,
Northwest Coastal (including Alaska), and Hawaiian Islands. The third part analyzes knowledge gaps regarding fire
and nonnative invasive plants, synthesizes information on management questions (nonfire fuel treatments, postfire
rehabilitation, and postfire monitoring), summarizes key concepts described throughout the volume, and discusses
urgent management issues and research questions.

Keywords: ecosystem, fire effects, fire management, fire regime, fire severity, fuels, grass/fire cycle, invasibility,
invasiveness, monitoring, nonnative species, plant community, plant invasion, plant response, plants,
prescribed fire, rehabilitation, succession, vegetation, wildfire

The larger bold check-mark boxes indicate the volumes in “The Rainbow Series” currently published. To order, check any box or
boxes below, fill in the address form, and send to the mailing address listed below. Or send your order and your address in mailing
label form to one of the other listed media.

RMRS-GTR-42-vol. 1. Wildland fire in ecosystems: effects of fire on fauna.

RMRS-GTR-42-vol. 2. Wildland fire in ecosystems: effects of fire on flora.

RMRS-GTR-42-vol. 3. Wildland fire in ecosystems: effects of fire on cultural resources and archeology.
RMRS-GTR-42-vol. 4. Wildland fire in ecosystems: effects of fire on soil and water.

RMRS-GTR-42-vol. 5. Wildland fire in ecosystems: effects of fire on air.

Oooodd

RMRS-GTR-42-vol. 6. Wildland fire in ecosystems: fire and nonnative invasive plants.

Send to:

Name

Address

You may order additional copies of this publication by sending
your mailinginformationin label form through one of the following
media. Please specify the publication title and number.

Publishing Services
Telephone (970) 498-1392
FAX (970)498-1122
E-mail rschneider@fs.fed.us
Web site http://www.fs.fed.us/rmrs

Mailing Address Publications Distribution
Rocky Mountain Research Station
240 West Prospect Road
Fort Collins, CO 80526

Cover photo—Spotted knapweed (Centaurea maculosa) and tumble mustard (Sisymbrium altissimum) the first
summer after October pile burning on a fuels reduction site in western Montana. (Photo by Steve Sutherland.)



Wildland Fire in Ecosystems
Fire and Nonnative Invasive Plants

Editors

Kristin Zouhar, Ecologist/Technical Information Specialist, Fire Modeling Institute; Fire, Fuel, and
Smoke Science Program, Rocky Mountain Research Station, U.S. Department of Agriculture, Forest

Service, Missoula, MT.

Jane Kapler Smith, Ecologist, Fire Modeling Institute; Fire, Fuel, and Smoke Science Program, Rocky
Mountain Research Station, U.S. Department of Agriculture, Forest Service, Missoula, MT.

Steve Sutherland, Research Ecologist, Forests and Woodlands Ecosystems Science Program, Fire
Sciences Laboratory, Rocky Mountain Research Station, U.S. Department of Agriculture, Forest Ser-

vice, Missoula, MT.

Matthew L. Brooks, Research Botanist, Las Vegas Field Station, Western Ecological Research Center,
Biological Resources Division, U.S. Geological Survey, Henderson, NV.

Authors

Alison Ainsworth, NARS Specialist, Hawaii Division of Forestry
and Wildlife, Natural Area Reserve System, Hilo, HI 96720

Dawn Anzinger, Research Assistant, Department of Forest
Science, Oregon State University, Corvallis, OR 97331

Matthew L. Brooks, Research Botanist, Las Vegas Field Sta-
tion, Western Ecological Research Center, Biological Resources
Division, U.S. Geological Survey, Henderson, NV 89074

Alison C. Dibble, Cooperating Research Ecologist, Northern
Research Station, U.S. Department of Agriculture, Forest Service,
Bradley, ME 04411

Jonathan P. Freeman, Graduate Research Assistant, Natural
Resource Ecology Laboratory, Colorado State University,
Fort Collins, CO 80523

James B. Grace, Research Ecologist, National Wetlands Re-
search Center, U.S. Geological Survey, Lafayette, LA 70506

R.FlintHughes, Ecosystem Ecologist, Institute of Pacific Islands
Forestry, Pacific Southwest Research Station, U.S. Department
of Agriculture, Forest Service, Hilo, HI 96720

Karen V. S. Hupp, Research Assistant, Department of Agron-
omy, University of Florida, Gainesville, FL 32611

Molly E. Hunter, Research Associate, Department of Forest,
Rangeland, and Watershed Stewardship, Colorado State Uni-
versity, Fort Collins, CO 80523

J. Boone Kauffman, Ecologist and Director, Institute of Pacific
Islands Forestry, Pacific Southwest Research Station, U.S.
Department of Agriculture, Forest Service, Hilo, HI 96720

RobKlinger, USGS-BRD, Western Ecological Research Center,
Yosemite Field Station Bishop, CA 93515

Anne Marie LaRosa, Forest Health Management Coordinator, Insti-
tute of Pacific Islands Forestry, Pacific Southwest Research Station,
U.S. Department of Agriculture, Forest Service, Hilo, HI 96720

Erik J. Martinson, Research Associate, Department of For-
est, Rangeland, and Watershed Stewardship, Colorado State
University, Fort Collins, CO 80523

Guy R. McPherson, Professor, School of Natural Resources
and Department of Ecology and Evolutionary Biology, University
of Arizona, Tucson, AZ 85721

Gregory T. Munger, Biological Technician,U.S.Department of Agricul-
ture, Forest Service, Fire Sciences Laboratory, Missoula, MT 59808

Philip N. Omi, Professor Emeritus, Department of Forest,
Rangeland, and Watershed Stewardship, Colorado State
University, Fort Collins, CO 80523

Steven R. Radosevich, Professor, Department of Forest
Science, Oregon State University, Corvallis, OR 97331

Lisa J. Rew, Assistant Professor, Land Resources and Envi-
ronmental Sciences Department, Montana State University,
Bozeman, MT 59717

Peter M. Rice, Research Associate, Division of Biological
Sciences, The University of Montana, Missoula, MT 59812

Jane Kapler Smith, Ecologist, Fire Modeling Institute; Fire,
Fuels, and Smoke Science Program, Rocky Mountain Re-
search Station, U.S. Department of Agriculture, Forest Service,
Missoula, MT 59808

Randall K. Stocker, Director, Center for Aquatic and Inva-
sive Plants, Department of Agronomy, University of Florida,
Gainesville, FL 32611

Steve Sutherland, Research Ecologist, Forests and Woodlands
Ecosystems Science Program, Fire Sciences Laboratory, Rocky
Mountain Research Station, U.S. Department of Agriculture,
Forest Service, Missoula, MT 59808

J. Timothy Tunison (retired), Chief of Resource Management,
Hawai'iVolcanoes National Park, U.S. Department of the Interior,
National Park Service, Hawai'i National Park, HI 96718

Robin Wills, Region Fire Ecologist, Pacific West Region,
U.S. Department of the Interior, National Park Service,
Oakland, CA 94607

Kristin Zouhar, Ecologist/Technical Information Specialist, Fire
Modeling Institute; Fire, Fuels, and Smoke Science Program,
Rocky Mountain Research Station, U.S. Department of Agri-
culture, Forest Service, Missoula, MT 59808



Fire Science
Program

U.5. DEPARTMENT OF THE INTERIOR
BUREAU OF LAND MANAGEMENT

),

(\

a USGS

science for a changing world

Preface

In 1978, a national workshop on fire effects in Denver, Colorado, provided the impetus for
the “Effects of Wildland Fire on Ecosystems” series. Recognizing that knowledge of fire was
needed for land management planning, state-of-the-knowledge reviews were produced that
became known as the “Rainbow Series.” The series consisted of six publications, each with
a different colored cover (hence the informal title “Rainbow Series”), describing the effects of
fire on soil (Wells and others 1979), water (Tiedemann and others 1979), air (Sandberg and
others 1979), flora (Lotan and others 1981), fauna (Lyon and others 1978), and fuels (Martin
and others 1979).

The Rainbow Series proved popular in providing fire effects information for professionals,
students, and others. Printed supplies eventually ran out, but knowledge of fire effects continued
to grow. To meet the continuing demand for summary and synthesis of fire effects knowledge,
the interagency National Wildfire Coordinating Group asked Forest Service research leaders
to update and revise the series. To fulfill this request, a meeting for organizing the revision was
held January 1993 in Scottsdale, Arizona. A new, five-volume series was planned, officially
named the Rainbow Series, to cover fauna, flora, cultural resources, soil and water, and air.
Support for developing the new Series was provided by the Joint Fire Science Program.

Volume 2 of the Rainbow Series, “Effects of fire on flora,” was published in December 2002.
This volume synthesized information on the relationship between native plant communities
and fire, but it provided little coverage of fire’s influence on invasions by nonnative plants or
nonnative plants’ influence on fire regimes. To answer managers’ requests for a comprehen-
sive treatment of the relationship between fire and nonnative plants, in 2005 the Joint Fire
Science Program provided funding for addition of this volume to the Rainbow Series.

The Rainbow Series emphasizes principles and processes. While it provides many details,
examples, and citations, it does not intend to summarize all that is known. The six volumes,
taken together, provide awealth of information and examples to advance understanding of basic
concepts regarding fire effects in the United States and Canada. As conceptual background,
they provide technical support to fire and resource managers for carrying out interdisciplinary
planning, which is essential for managing wildlands in an ecosystem context. Planners and
managers will find the series helpful in many aspects of ecosystem-based management, but
they also have the responsibility to seek and synthesize the detailed information needed to
resolve specific management questions.

— The Editors
July 2007
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Summary

Wildland fire is a process integral to the functioning of
most wildland ecosystems of the United States. Where
nonnative plant species have invaded wildlands or have
potential to invade, fire may influence their abundance
and the effects of the nonnative species on native plant
communities. This volume synthesizes scientific infor-
mation regarding wildland fire and nonnative invasive
plant species, identifies the nonnative invasive species
currently of greatest concern in major bioregions of the
United States, and describes emerging fire-invasive is-
sues in each bioregion and throughout the nation. This
report can assist fire managers and those concerned
with prevention, detection, and eradication or control of
nonnative invasive plants. It can help increase under-
standing of plant invasions and fire and can be used in
planning fire management and ecosystem-based land
management activities.

The first part of this volume summarizes fundamen-
tal concepts regarding relationships between fire and
nonnative plant invasions. The introduction sets up a
conceptual framework for discussing these relationships,
focusing especially on the nature of plant invasions and
fire regimes. Chapter 2 summarizes ecological and bo-
tanical principles that apply to fires’ influences on plant
invasions; it also analyzes ways in which the condition
of the native plant community affects nonnative species’
responses to fire. With this theoretical background, the
chapter then examines the applicability of several com-
mon generalizations regarding fire and plant invasions.
Chapter 3 describes how plant invasions can alter the
quantity, spatial distribution, and seasonal availability of
fuels and then, in some cases, fire regimes. The invasive
plant/fire cycle is examined, in which the invasive species
increases or decreases flammability in an ecosystem,
then increases or decreases fire frequency, and then
increases in abundance, continuing the cycle. Chapter 4
summarizes information on use of fire to control plant
invasions.

Part Il (chapters 5 through 11) synthesizes information
onthree topics (effect of fire on nonnative plantinvasions,

Vii

influence of plant invasions on fuels and fire regimes,
and use of fire to control nonnative invasives) for seven
bioregions of the United States: Northeast, Southeast,
Central, Interior West, Southwest Coastal, Northwest
Coastal (including Alaska), and the Hawaiian Islands.

The third part of this volume addresses management
and research issues of national concern. Chapter 12
describes knowledge gaps regarding fire and nonnative
invasive plants, focusing on the urgent need for more
information on heat tolerance, postfire establishment,
effects of varying fire regimes (severities, seasons, and
intervals between burns), and long-term effects of fire.
Chapter 13 describes the response of nonnative invasive
plants to nonfire fuel treatments. Fuel treatments have
reduced wildfire severity in some ecosystems with
historically frequent, low-severity fire, and wildfire may
pose a greater threat from nonnative invasive species
than fuel treatments. However, evidence for this gen-
eralization comes mostly from ponderosa pine (Pinus
ponderosa) forests, so it should be applied cautiously to
other vegetation types, especially those with different fire
regimes. Chapter 14 analyzes the influence of postfire
rehabilitation on invasions. Several procedures can be
integrated into postfire rehabilitation and land manage-
ment plans to minimize new invasions and reduce or avoid
increases in existing invasions. Chapter 15 describes
the importance of postfire monitoring for invasives and
ways to obtain nonnative species information in postfire
monitoring. Long-term monitoring may be difficult to plan,
implement, analyze, interpret, and integrate into the adap-
tive management process, but it often provides the best
way, and sometimes the only way, to make defensible
decisions regarding management of fire and invasives.
The final chapter summarizes majorfindingsin this volume
and suggests important questions for future research. To
manage fire and nonnative invasive plants, managers
must integrate many kinds of knowledge while remaining
aware of their applications and limitations. Management
actions should be implemented with caution, monitored,
and adapted as new knowledge develops.
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Chapter 1:

Fire and Nonnative Invasive
Plants—Introduction

Fire is a process integral to the functioning of most
temperate wildland ecosystems. Lightning-caused and
anthropogenic fires have influenced the vegetation of
North America profoundly for millennia (Brown and
Smith 2000; Pyne 1982b). In some cases, fire has been
used to manipulate the species composition and struc-
ture of ecosystems to meet management objectives,
including control of nonnative invasive plant species
(DiTomaso and others 2006a; Grace and others 2001;
Keeley 2001; Myers and others 2001; Pyke and others,
inreview). However, fire can also threaten human life,
property, and natural and cultural resources. Under
some conditions, fire can increase abundance of non-
native invasive plants (Goodwin and others 2002),
which may subsequently alter fire behavior and fire
regimes, sometimes creating new, self-sustaining,
invasive plant/fire cycles (Brooks and others 2004;
D’Antonio and Vitousek 1992). These altered fire
regimes can reduce native species diversity, alter
ecosystem functions, and increase the threat of fire
to human communities and wildland ecosystems.

Wildland managers must decide when, where, and
for what specific reasons they should use fire to meet
management objectives. To develop effective plans
and make well-informed decisions, managers need
to understand the scientific principles that drive the
relationships between fire and nonnative invasive
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plants. They alsoneed tounderstand how fire-invasives
issues affect management in their geographic regions.
Managers have indicated that better interpretation
of science, including peer-reviewed synthesis, is es-
sential for “bridging the worlds of fire managers
and researchers” (White 2004). Several publications
summarize regional and topical aspects of integrated
fire and invasive plant management (Brooks and oth-
ers 2004; Brooks and Esque 2002; Brooks and Pyke
2001; D’Antonio and Vitousek 1992; D’Antonio 2000;
DiTomaso and others 2006a). However, a published
synthesis of major fire-invasive plant issues on a
national scale is lacking. To address this need, this
volume reviews the scientific literature regarding re-
lationships between fire and nonnative invasive plants
in the United States and presents information useful
for improving fire and nonnative species management
in wildland ecosystems.

This volume complements Volume 2 of the Rainbow
Series, Wildland Fire and Ecosystems — Effects of Fire
on Flora (Brown and Smith 2000). Readers are referred
to that volume for information on autecological rela-
tionships between plants and fire, past fire regimes,
and successional patterns for forest and grassland
ecosystems in the United States. However, Effects
of Fire on Flora provides only a cursory treatment of
nonnative species. In contrast, this volume focuses



on nonnative invasive plants and fire. It is intended
as a review of knowledge for wildland managers who
are interested in using prescribed fire to reduce non-
native invasive plants, and those who are concerned
that fire and fire management activities may increase
abundance of nonnative species to the detriment of
native ecosystems. This volume can be used to inform
management plans and actions, although it isnot com-
prehensive or detailed enough to provide prescriptions
for management on particular sites. Objectives of this
volume are

1. To synthesize scientific information regarding
relationships between wildland fire and nonna-
tive invasive plant species; and

2. To identify the nonnative invasive species cur-
rently of greatest concern and the wildland com-
munities where fire-invasiveissues are of greatest
concern in major bioregions of the United States,
synthesize information unique tothose areas, and
describe emerging fire-invasive issues in each
bioregion.

Scope of This Volume

Other volumesin the Rainbow Series are framed only
in terms of fire effects, but interactions between fire and
nonnative invasive plants are more complicated. Non-
nativeinvasive plant species may establish orincrease
in response to fire, but fire exclusion may also provide
opportunities for invaders to establish in some plant
communities (chapter 2). Fire can also be used to con-
trol invading plant species in some plant communities
(chapter 4). Once invading species establish and begin
to dominate a site, they may change many properties
of fuel beds, which in turn may affect the fire regime
(chapter 3). To capture the complex interrelationships
between fire and nonnative invasive plant species, we
follow three main themes throughout this volume: fire
effects on nonnative plant invasions (including effects
of fire exclusion policy and fire suppression tactics),
changesin fuel characteristics and fire regimes caused
by nonnative plant invasions, and the intentional use
of fire to control nonnative invasives.

Inthisvolume, “nonnative” refersto a speciesthathas
evolved outside the United States and hasintentionally
or unintentionally been transported and disseminated
by humans into and within the United States (adapted
from Li 1995). We include a few exceptions to this
definition, however. For instance, in chapter 11 we
address some species that are native to the mainland
United States but not to the Hawaiian Islands; and
in chapter 5 we include reed canarygrass (Phalaris
arundinacea) and common reed (Phragmites australis),
which have origins in both the United States and Eur-
asia, and have ecotypes or strains that are invasive in
some situations. The patterns and processes described

in this volume may also apply to species native to
the United States that are spreading outside their
historical ranges (for example, black locust (Robinia
pseudoacacia), mesquite (Prosopis spp.), and juniper
(Juniperus spp.)), but these species are not addressed
in detail in this volume.

Only a small subset of nonnative plantsis considered
“invasive” (Rejmanek and others 2005; Williamson
1996). In this volume, the term “invasive” refers to a
species that can establish, persist, and spread in a new
area (sensu Burke and Grime 1996; Mack and others
2000; Sakai and others 2001) and also cause—or have
potential to cause—negative impacts or harm to na-
tive ecosystems, habitats, or species. The decision of
whether ecological changes or other impacts constitute
net “harm” is a function of human values and can be
ambiguous (see, for example, reviews by Lodge and
others 2006; Mooney 2005). In this volume, harm in
natural areas occurs when a species is so abundant
thatit causes significant changes in ecosystem compo-
sition, structure, or function, which are often viewed
as harmful (Westbrooks 1998). Randall (1997) states
this idea pragmatically: A plant species is considered
invasiveinnatural areas whenits occurrence interferes
with management goals such as maintenance ofnative
biotic diversity, protection of habitat for rare species,
or restoration of ecological processes.

The basic biology of a nonnative species provides
some insights regarding its potential invasiveness, so
autecology is a useful starting point for understand-
ing the potential impacts of disturbances, including
fire, on nonnative species. However, genetic and clinal
variation canlead tovariable responses (Rejmanek and
Richardson 1996; Wade 1997). Therefore, the nonnative
species of greatest concern vary from region to region.
In this volume, the nonnatives of greatest concern are
listed at the beginning of each bioregional chapter,
then discussed within the chapter in terms of both
autecology and site-specific responses. Throughout
this volume, the first reference to a species in each
chapter gives both the common name most often used
in theliterature and the scientific name (from the U.S.
Department of Agriculture’s Integrated Taxonomic
Information System (ITIS Database 2004)); subsequent
references in the chapter use only the common name.
Readers seeking information on a particular species
should refer to the index.

Understanding the interactions among invasive
species, native plant communities, and fire requires
more than an understanding of autecology. As noted
by Bazzaz (1986), “The colonizer and the colonized are
partnersinthe process.” Invasibility —the susceptibil-
ity of a plant community to invasion (sensu Davis and
others 2000; Howard and others 2004; Lonsdale 1999;
Smith and others 2004; Williamson 1996)—varies
among plant communities. Additionally, the responses
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of plant communities to fire depend on a host of
factors, including the frequency and severity of fire,
season and spatial extent of burns, preburn vegetation
occurrence (including nonnatives) and phenology, site
conditions (particularly moisture, available nutrients,
light, and disturbance history), and postfire condi-
tions, including weather and availability of seed from
invasive plants (Klinger and others 2006a; Pyke and
others, in review; Stohlgren and others 2005). Such
comprehensive knowledge is rarely available in the
scientific literature in relation to invasive species
(chapter 12), so managers must integrate incomplete
knowledge, gathered at a variety of locations using dif-
ferent methods, for application to invasives in specific
plant communities. McPherson (2001) comments that
this “creative application of existing knowledge” is “as
important, and as difficult, as the development of new
knowledge.” To assist managersin this formidable task,
this volume draws mainly on peer-reviewed reports of
primaryresearch,thatis, articles published in scientific
journals and reports in reviewed scientific publication
series, such as USDA Forest Service research papers
and general technical reports. We alsoinclude informa-
tion from case studies, informal reports, unpublished
research, and personal communications. While this
kind of information is probably accurate, its scope of
inference is often difficult to determine. Therefore, the
reader should use cautionin applying that information,
especially in locations or under conditions that differ
from those described.

Secondary sources, including literature reviews,
receive less emphasis in this volume than primary
research because (1) reviews do not consistently re-
port the scope of a study or its limits of inference, and
(2) reviews occasionally misquote an original source.
However, this volume does rely on Fire Effects on Flora
(Brown and Smith 2000) for background information
on fire regimes in the bioregional chapters in Part II.
Additionally, reviews from two Internet sources, the
Fire Effects Information System (FEIS, at www.fs.fed.
us/database/feis) and The Nature Conservancy’s (TNC)
Element Stewardship Abstracts (ESAs, provided by the
Invasive Species Initiative at http:/tncweeds.ucdavis.
edu/index.html), receive frequent use in this volume.
Both sources include extensive information and are
written specifically for managers. FEIS species reviews
include biological and ecological information as well
as information relating specifically to fire. ESAs focus
especially on management and control techniques for
invasive species. Literature reviews are identified as
such the first time they are used in each chapter, so
the reader will be aware that these are not primary
sources. In regard to FEIS and TNC reviews, this
note can also alert the reader that the Internet site
may provide further information on fire, impacts, and
control methods.
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This volume is a survey as well as a synthesis, so
it does not include every citation on every nonnative
invasive plant species in the United States. Even un-
limited resources would make a comprehensive treat-
ment of fire and invasive species infeasible since new
nonnative plants continue toinvade the United States
(Westbrooks 1998) and changing climatic conditions
may alter competitive relationships between native and
nonnative species (D’Antonio 2000). However, since the
patterns described here are based on biological and
ecological concepts, this volume may help managers
evaluate the potential invasiveness of nonnative spe-
cies about which little is known, the potential vulner-
ability of a particular ecosystem to establishment of
new invasives, and how fire management activities
may affect an ecosystem’s susceptibility to invasion.

Aliterature review can provide perspective on a prob-
lem and suggest possible approaches for addressing
it, but reviews and research from other areas cannot
substitute for careful, long-term monitoring of what is
taking place on the particularlandscape of concerntoa
manager. Clear objectives, literature-based knowledge,
and field-based knowledge are all essential for effective
management. McPherson (2001) describes the complex
challenges inherent in managing nonnative invasive
species. He urges policy makers to resist applying
oversimplified answers tocomplexissues such as those
associated with biological invasions, and encourages
managers to “synthesize disparate information for
practical use and rely on all relevant knowledge at
their disposal.” As a synthesis of current knowledge on
fire and nonnative invasives, this volume provides a
tool that policy makers, managers, and members of the
public can use in meeting management challenges.

Fire Behavior and Fire Regimes

We discuss here the key concepts of fire behavior
and ecology that are used in this volume. A glossary
of technical terms is in the appendix.

Fire behavior—The pattern of fire spread and
heat release in an individual fire is referred to as
fire behavior. It is affected by the fuel, weather, and
topographic conditions at the time of burning. Fires
are often described on the basis of the vertical stra-
tum of fuels in which fire spread occurs. Ground fires
spread in duff or peat (partly decayed organic matter
in contact with the mineral soil surface). Surface fires
spread in litter, woody material on or near the soil
surface, herbs, shrubs, and small trees. Crown fires
spread in the crowns of trees or tall shrubs (National
Wildfire Coordinating Group 1996).

Individual fires are described quantitatively by rate
of spread, residence time, flame length,and flame depth
in the flaming front. They can also be described in
terms of energy release. Fire intensity is the amount



of heat released per unit time; this rate is described
quantitatively by fireline intensity, the rate of heat
release in the flaming front, regardless of its depth,
and reaction intensity, the rate of heat release per unit
area of the flaming front. Total heat release includes
the heat produced in the flaming front and also behind
the flaming front, by glowing and smoldering combus-
tion (McPherson and others 1990).

Fire severity—The degree to which a site has been
altered by fire is referred to as fire severity (National
Wildfire Coordinating Group 1996). Descriptions of fire
severity depend on the specific fire effects under study
and the measurement methods used. Ecological studies
typically examine relationships between fire severity and
effects on individuals, populations, communities, and
ecosystems. Management documents such as Burned
Area Emergency Response plans relate fire severity to
the effects of fire on soil stability. If fire severity is mea-
sured using aerial or satellite measurements, changes
in the vegetation canopy (consumed, scorched, or intact)
are the main descriptors. If fire severity is measured in
sampling plots on the ground, descriptions of effects on
individual organisms, litter and duff cover, and physical
change in the soil can be used.

In this volume, we use “low severity” to refer to fires
that cause little alteration to the soil and little mortal-
ity to underground plant parts or seed banks. “High
severity” refers to fires that alter soil properties and/
or kill substantial amounts of underground plant tis-
sue. Ideally, primary research and postfire monitoring
programs could describe fire severity either in terms of
vegetation change, with detail as to the vegetation type
and stratum discussed, or to changes in soil properties
(DeBano and others 1998) (table 1-1). Relationships
between fire severity and plant survival and persis-
tence are discussed more thoroughly in chapter 2 (see
“Influence of Fire Severity on Postfire Invasions” on
page 12).

Fire regimes—The cumulative effects of fires over
time have profound influence on ecosystem components,
structure, and processes. The characteristic pattern
of repeated burning over large expanses of space and
long periods of time is referred to as the fire regime

Table 1-1—Examples of fire severity descriptors.

(Lyon and others 2000a; Sugihara and others 2006a).
Fire regimes are described for a specific geographic
area or vegetation type by the characteristic fire type
(ground, surface, or crown fire), frequency, intensity,
severity, size, spatial complexity, and seasonality. Fire
frequencyis described in this volume by the fire-return
interval, the average time before fire reburns a given
area.

The following categories are used to describe fire
regimes in this volume, following Brown (2000):

e Stand-replacement fire regime refers to a pat-
tern in which fire kills or top-kills the aboveg-
round parts of the dominant vegetation. Using
this definition, forests that routinely experi-
ence crown fire or severe surface fire have a
stand-replacement fire regime; grasslands and
many shrublands alsohave stand-replacement
fire regimes because fire usually Kkills or top-
kills the dominant vegetation layer.

e Understory fire regime understory fire re-
gime” applies only to forests, woodlands, and
shrublands. In a plant community with this
kind of fire regime, most fires do not kill or
top-kill the overstory vegetation and thus do
not substantially change the plant community
structure.

e Mixed-severity fire regime also applies only to
forests, woodlands, and shrublands. In plant
communities with this kind of fire regime,
most fires either cause selective mortality of
the overstory vegetation, depending on differ-
ent species’ susceptibility to fire, or sequential
fires vary in severity.

In this volume, we use the term “presettlement” to
describe fire regimes before extensive settlement by
European Americans, extensive conversion of wild-
lands for agriculture, and effective fire exclusion. This
term is common in the literature on fire regimes (for
example, Bonnicksen and Stone 1982; Brown 2000;
Brown and others 1994; Feeney and others 1998; Frost
1998) because settlement by Europeans is generally
considered the time at which ecological communities
began to deviate dramatically from conditions under

What is being described? Fire severity

Description

Forest, woodland, shrub canopy high Overstory foliage consumed by fire
moderate Overstory foliage killed by fire but not consumed
low Overstory foliage not altered by fire
Ground and soil surface® high Consumes or chars organic material below soil surface
moderate Consumes all organic material on soil surface
low Leaves soil covered with partially charred organic material

@ Adapted from DeBano and others (1998).
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which they evolved or at least persisted for centu-
ries or millennia. As a set of conditions theoretically
based in evolutionary time, presettlement conditions
are considered more ecologically robust than current
conditions and therefore may be used to determine
desired conditions for wildlands. While the term “pre-
settlement” is convenient for discussion, it remains
imprecise and value-laden: (1) it is difficult to decide
just when the “presettlement” era ends for any given
location; (2) in many ecosystems, it is difficult to de-
scribe the presettlement fire regime precisely; and (3)
presettlement conditions may not provide appropriate
or achievable management goals. This becomes espe-
cially clear when one considers the impossibility of
recreating the Native American influences from past
eras and eliminating European American influences,
including the introduction of thousands of nonnative
species. For on-the-ground management of specific
plant and animal communities, it may be more use-
ful to refer to the desired fire regime as a “reference”
or “baseline” for management, without insisting that
past conditions be reconstituted on the landscape
(chapter 3).

Organization and Use of This Volume

This volume synthesizes current scientific under-
standing of relationships between fire and nonnative
invasive plant species at a conceptual level in part I

and at a bioregional level in part II. In part III this
information is synthesized further and related to
specific management issues.

Chapters in part I describe botanical and ecological
principles that govern relationships between fire and
nonnative invasive plants. Chapter 2 describes therole
of fire in promoting plant invasions, including traits
that enable invasives to establish, persist, and spread
after fire, and also the role of changes to plant com-
munities brought about by fire (for example, altered
nutrient availability and exposed mineral soil). It also
discusses ways in which different plant communities
may be more or less susceptible to establishment and
spread of nonnativeinvasivesin a postfire environment.
Chapter 3 discusses the effects of nonnative invasive
plants on fire regimes and includes information on fuel
properties of plant communities influenced by invasive
species. Chapter 4 addresses the use of prescribed fire
to manage invasive plant species and interactions of
fire with other control methods.

We have limited ability to predict the species likely to
havenegativeimpactsin aparticular community (Woods
1997), soitisimportant for managers to haveinformation
about specific invasives and the relative invasibility of
particular plant communities. Part II synthesizes this
information at a bioregional level. We defined the biore-
gions according to broad plant community formations
(fig. 1-1), based on Bailey’s (1995) classification. Each
chapter in part II lists the nonnative species of greatest

I Northwest Coastal bioregion
[] Southwest Coastal bioregion
Interior West bioregion

:l Central bioregion
:! Northeast bioregion
Southeast bioregion

Figure 1-1—Approximate boundaries of bioregions defined for this volume. Bioregions are based on Bailey’s (1995)
classification. Alaska (included in chapter 10, Northwest Coastal bioregion) and Hawai'i (chapter 11) are not pictured.
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concern in that bioregion and the plant communities
considered most vulnerable to invasives. Thus, not all
plant communities that occur in a bioregion are included
in this volume.

The bioregional boundaries shown in figure 1-1 are,
in reality, ecotones that may be hundreds of miles
wide, and many invasive species occur in several
bioregions. Most species are discussed in depth in only
one bioregional chapter; in other chapters, discussion
of the species focuses only on variations specific to the
given bioregion. Each bioregional chapter synthesizes
research and management information concerning fire
effects on nonnative invasions, invasives’ effects on fire
regimes, and use of fire to control invasives. Finally,
each chapter in part II identifies emerging issues in
the bioregion regarding fire and invasives.

Inaddition to summarizing fire-invasive information
for each bioregion, part II of this volume can be used
as a reference on specific invasives and plant com-
munities. To assess whether a particular community
is likely to be susceptible to invasion by a particular
nonnative species, first find the bioregional chapter
that discusses that plant community. Look up the
plant community in the table at the beginning of
the bioregional chapter. Examine the list of invasive
species of “high concern.” Is the species you are seeking

included? Does it have the same life form and regen-
eration strategies as species that are of high concern?
Is it listed as a “potentially” invasive species for that
community? The answers to these questions provide
some indication of the potential threat.

PartIll evaluates the knowledge available tomanag-
ers on fire and nonnative invasive plants (chapter 12),
summarizes effects of nonfire fuel management on
nonnative species (chapter 13), describes the effects
of fire suppression and postfire emergency stabiliza-
tion, restoration, and rehabilitation treatments on
nonnative invasive plants (chapter 14), and suggests
monitoring strategies to evaluate the effects of fire
management actions on nonnatives (chapter 15). The
final chapter summarizes majorissues reviewed in this
volume, describes barriers to effective management
and possible ways to address these, and lists current
burning questions in relation to fire and nonnative
invasive species.

This volume is intended as a review useful for
managers, policy makers, and the general public. It
provides a place to start when designing management
plans that involve both fire and invasive plants. Final
plans will typically require additional, more detailed,
local information than is provided in this volume.
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Chapter 2:

Effects of Fire on Nonnative
Invasive Plants and Invasibility of
Wildland Ecosystems

Considerable experimental and theoretical work has
been done on general concepts regarding nonnative
species and disturbance, but experimental research
on the effects of fire on nonnative invasive species is
sparse. We begin this chapter by connecting fundamen-
tal concepts from the literature of invasion ecology to
fire. Then we examine fire behavior characteristics,
immediate fire effects, and fire regime attributes in
relation to invasion potential. These concepts form
the basis for examining the literature that supports
or refutes several common generalizations regarding
fire effects on nonnative invasives. We conclude with
a summary of management implications regarding
fire effects on nonnative invasive plants.

Invasion Ecology

Invasion ecology is influenced by interactions of
ecosystem properties, properties of native and non-
native plant species, and nonnative propagule pres-
sure (Lonsdale 1999) (fig. 2-1). Ecosystem properties
include disturbance regimes and fluctuations in
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resource availability. In the context of invasion, this
is the availability of resources needed by a nonnative
species to establish, persist, and spread. Morphological
properties, phenological properties, and competitive
ability of native speciesinfluence resistance toinvasion,
while the same properties of nonnative species influ-
ence potential to invade. Native and nonnative plant
responses to fire, such as damage or stimulation from
heat and increases or decreases in postfire years, are
particularly important for our discussion. Propagule
pressure is the availability, abundance, and mobility
of propagules in and around a plant community.

In this chapter, we examine several generalizations
that have been suggested about wildland invasion by
nonnative species after fire. We treat these general-
izations as questions that can be examined in light of
current research.

® Question1.Doesfire generally favor nonnative
over native species?

® Question2. Doinvasionsincrease withincreas-
ing fire severity?



Ecosystem properties
®Disturbance regime

*Resource availability

Plant properties

*Susceptibility to invasion

*Competitive ability

®Response to fire

Propagule pressure
Availability, Abundance, Mobility

e Question3.Doesadditional disturbance (before,
during, or after fire) favor invasions?

e Question 4. Do invasions become less severe
with increasing time after fire?

e Question5.Doinvasionsincrease with disrup-
tion of the presettlement fire regime?

e Question 6. Are postfire invasions less common
in high elevation ecosystems?

We will return to these questions after reviewing the
connections between invasion concepts and fire.

Ecosystem Properties and Resource
Availability

Invading species must have access to resources,
including light, nutrients, and water, so community
susceptibility to invasion can be explained to some
extent by changes in resource availability. A species
will “enjoy greater success in invading a community
if it does not encounter intense competition for these
resources from resident species” (Davis and others
2000). Therefore, a plant community becomes more
susceptible to invasion when the amount of unused
resources increases. Fire can increase resource avail-
ability by reducing resource use by resident vegetation
(through mortality or injury) or by altering the form and
availability of nutrients. Reports of postfire increases
innonnative species, often attributed to increased light
or other resources, are available in the literature (for
example, D’Antonio 2000, review; Hunter and others
2006; Keeley and others 2003).

Disturbed areas are often considered vulnerable to
invasion (Sakaiand others 2001), and burned areas are
no exception. However, some plant communities that
have evolved with recurring fire, such as California
chaparral, are not considered highly invasible under

*Morphology & phenology

*Susceptibility to injury from fire

Figure 2-1—Susceptibility of a plant community to
invasion by nonnative species after fire depends
on properties of the ecosystem itself, properties of
plant populations (both native and nonnative) and
availability of nonnative plant propagules (following
Lonsdale 1999).

their historic fire regime (Keeley 2001; Keeley and
others 2003). Furthermore, divergence from the
historic fire regime in the “opposite” direction —with
reduced fire frequency or severity—may also increase
invasibility. Forinvasion to actually occur, community
susceptibility and resources adequate for the spread
of nonnative species must coincide with availability of
propagules of nonnative species that can successfully
compete with native vegetation for those resources
(Davis and others 2000).

Properties of Native and Nonnative Plants

Several plant characteristics influence their suscep-
tibility to fire injury, ability to recover and compete
for resources following fire, and changes in cover and
dominance over time after fire. Fire has less potential
tokillindividuals and impact populationsifthe species’
meristem tissues, buds, and seeds are protected from
heat-caused damage. Avoidance ofheat damage can be
based on structural features, location of meristematic
tissues, or phenology (see “Influence of Fire Season
and Plant Phenology on Postfire Invasions” page 18).
Elevated buds, thick bark, and underground vegeta-
tive structures can provide protection.

Fire survivors and species that form persistent
seed banks, native or nonnative, have early access to
resources on a burned site (see “Influence of Fire on
Resource Availability and Interactions Between Plant
Species” page 10). They can spread by regenerating
from surviving structures or establishing from the seed
bank, then producing abundant seeds that establish
on the exposed mineral soil seedbed (see “Downward
heat pulse effects on plant survival” page 14). Many
nonnative invasives are annuals or biennials with
short generations, ability to self pollinate, and low
shade tolerance (Sutherland 2004). A review by
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Barrett (2000) highlights the relationship between
disturbance and opportunistic orinvasive species with
short life cycles, well-developed dispersal powers, and
high reproductive output. These typically ephemeral
species can establish on burned sites only if abundant
propagules are available from the soil bank or nearby
unburned areas. Unless they alter ecosystem processes
to perpetuate early-seral conditions, ephemerals are
often replaced by perennials within a few years after
fire (see “Question 4” page 25).

Nonnative Propagule Pressure

The spatial distribution of nonnative source popula-
tions and their mode of propagule dispersal influence
their establishment and spread in new areas (Amor
and Stevens 1975; Giessow and Zedler 1996; Wiser
and others 1998), including burns (Keeley and others
2003). Some seeds are heat tolerant and therefore may
survive a fire onsite (Volland and Dell 1981). Postfire
establishment and spread of nonnative species depends,
in part, on propagule pressure (sensu Colautti and
others 2006; Drake and Lodge 2006; Lockwood and
others 2005)— the abundance of nonnative propagules
occurring onsite and within dispersal distance of the
burned area. D’Antonio and others (2001b) contend
that variation in propagule supply interacts with the
“ecological resistance” of an ecosystem (sensu Elton
1958) such that when resistanceislow, few propagules
are needed for successful invasion, and as resistance
increases it takes proportionately more propagules for
invaderstoestablish. In ameta-analysis designed to ex-
amine characteristics ofinvasiveness and invasibility,
Colautti and others (2006) found that while propagule
pressure was rarely considered in studies of biological
invasions, it was a significant predictor of invasibility.
More disturbance and higher resource availability are
also significant predictors of invasibility (Colautti and
others 2006), though field studies rarely isolate these
factors and measure their influence quantitatively.

The scientificliterature provides numerous examples
of a positive relationship between anthropogenic
disturbance and nonnative invasive species richness

and abundance. Where burns are associated with an-
thropogenic disturbance, they are likely to be subject
to greater propagule pressure and may therefore be
more susceptible to postfire invasion than burnsinless
disturbed areas (see “Question 3” page 22). The gener-
ally positive relationship between nonnative invasive
species and anthropogenic disturbance (for example,
Dark 2004; Johnson and others 2006; McKinney 2002;
Moffat and others 2004) may have implications for
plant communities and bioregions that currently show
relatively little effect of fire on nonnative plant inva-
sions. Fire appears only weakly related to spread of
nonnative species in the Northeastern bioregion (chap-
ter 5), but the plethora of nonnative invasive species
present in this region (Mehrhoff and others 2003) and
the prevalence of anthropogenic disturbance suggest
that, if burning increases, impacts from nonnative
species may increase as well. Similarly, while fire-
caused increases in nonnative invaders are currently
uncommon in Alaska (chapter 10), expanding human
influences on wildlands coupled with climate change
may increase problems with nonnative plants in that
state. Similar concerns have been voiced regarding in-
vasive species in Colorado shortgrass steppe (Kotanen
and others 1998) and may apply in many areas of the
United States.

Influence of Fire on Invasions

The responses of plants to fire depend on both fire
attributes and plant attributes relating to survival
and establishment (Pyke and others, in review). Non-
native plants that survive on site, establish from the
seed bank, or disperse seed into burns soon after fire
have early access to resources that are more plenti-
ful or more available after fire. Fire behavior char-
acteristics, immediate fire effects, and fire regime
attributes (table 2-1) influence persistence of on-site
populations and postfire establishment from on- and
off-site sources. While fire behavior characteristics are
often measured and recorded on wildfires, they are
not as clearly related to invasiveness and invasibility

Table 2-1—Fire attributes that can influence invasion by nonnative plant species. Concepts listed here
are defined in greater detail in chapter 1 and the glossary.

Fire behavior attributes

Immediate fire effects

Fire regime attributes

Fire type (ground,
surface, and/or crown fire)
Fireline intensity
Rate of spread
Residence time
Flame length
Flame depth
Reaction intensity

Burn pattern
Crown scorch
Crown
Consumption

Fuel consumption
Soil heating pattern
Total heat release

Smoke production

Fire type (ground, surface, and/or
crown fire)

Intensity

Frequency

Severity

Size

Spatial complexity

Seasonality
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as immediate fire effects (most of which relate to fire
severity) and fire regime attributes. Fire type, sever-
ity, and frequency affect the persistence of invasive
populations and their potential for spread within
burned areas. Spatial characteristics (fire size, the
distribution of burned and unburned patches, and the
spatial pattern of fire severity) influence the potential
for establishment from unburned areas. Burn season
also influences nonnative plant response, especially
as it interacts with plant phenology and vulnerability
to heat damage.

Influence of Fire on Resource Availability
and Interactions Between Plant Species

Superior competitive ability is often used to explain
postfire invasions by nonnative species. Explanations
for spread of invasives based on competition theory
include the natural enemies hypothesis (Elton 1958;
Mack and others 2000), the evolution of increased
competitive ability hypothesis (Blossey and Notzold
1995), and the novel weapons hypothesis (Callaway
and Ridenour 2004). These hypotheses are supported
by examples of particular species, but their relevance
to fire has not been demonstrated. We focus here on
theoretical concepts leading to the expectation that
fire will alter the competitive balance between native
and nonnative species, and empirical evidence of such
impacts.

A review of nonfire competition experiments from
world literature suggests that at least some non-
natives are better competitors than native species,
with the caveat that “Invaded communities are not
random assemblages, and researchers tend to study
the most competitive alien plants” (Vila and Weiner
2004). Reduction of nonnatives can lead toincreases in
native species, as demonstrated in the Mojave Desert
(Brooks 2000). These results are consistent with the
hypothesisthat nonnatives can outcompete natives for
limited resources in early successional environments
(MacDougall and Turkington 2004).

If fire increases resource availability on an invaded
site, the relative competitive abilities of the species
present should theoretically determine which will
benefit most from the increased resources. However,
competitive interactions between native and nonnative
species are poorly understood and difficult to measure
inthefield. Studies conclusively demonstrating postfire
competition between native and nonnative species for
a specific resource are lacking. This is not surprising
when one considers the scale and methodological differ-
ences between fire research and competition research.
Most fire research addresses plant communities with
high spatial variability and variation in fire severity,
many native and sometimes many nonnative species,
and several resources altered by fire. In contrast, most
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competition studies are comparisons of paired species
under carefully controlled conditions (Vila and Weiner
2004).

Availability of Specific Resources—Many dis-
turbances increase the availability of resources for
plant growth and thus have the potential to increase
a community’s susceptibility to invasion (Davis and
others 2000). Fire can increase light availability by
reducing cover. It can increase water availability by
killing vegetation and thus the demand for moisture.
It can increase nutrient availability by killing vegeta-
tion and also by converting nutrients from storage
in biomass to forms that can be absorbed by plants.
By consuming surface organic layers, fire increases
exposed mineral soil; while not a resource itself, min-
eral soil exposure affects postfire germination and
establishment (reviewed in Miller 2000).

Postfire increases in the availability of specific re-
sources are likely to be interrelated and subtle. For
example, by reducing the quantity and vigor of exist-
ing vegetation, a canopy fire may increase not only
light levels but also moisture availability; however,
increased exposure to light and wind and decreased
albedo may dry the surface layer of the soil. A surface
fire that causes lethal crown scorch may initially in-
crease moisture availability and mineral soil exposure
but have little effect on light availability; then, as
foliage is cast, light levels will increase and exposed
mineral soil will decrease. Most surface and ground
fires increase mineral soil exposure, but they may in-
crease or decrease nutrient availability depending on
fire severity. Correlations between levels of different
resources make it difficult, if not impossible, to isolate
plant response to fire-caused changes in a particular
resource.

The light available to understory species after fire
in forests, woodlands, and some shrublands increases
as canopy cover and woody basal area decrease (for
example, Keyser and others 2006). Increased light in
the understory is generally associated with increased
cover and biomass of understory species and sometimes
with increased species richness (for example, Battles
and others 2001; Messier and others 1998; Son and
others 2004). This pattern has been well documented
following fire (Miller 2000, review). Nonnative inva-
sive species that are shade-intolerant—the majority
(Sutherland 2004)—arelikely to benefit from increased
light if they survive or establish in forests, woodlands,
or shrublands after fire. If the canopy closes with time
after fire, decreased light levels may then reduce the
abundance of shade-intolerant nonnative species (see
“Question 4” page 25). However, nonnative species
that persist at low abundance or maintain a viable
soil seed bank when the canopy closes may increase
rapidly when fire or another disturbance opens the
canopy and again increases available light.
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Growing-season fires reduce aboveground vegeta-
tion, so they are likely to reduce moisture uptake by
plants, at least temporarily (Knoepp and others 2005;
Neary and Ffolliot 2005). These changes can increase
the moisture available to sprouting plants and seed-
lings, although the increase may be offset by runoff
and evaporation from exposed mineral soil (DeBano
and others 1998). In shrub-steppe ecosystems of the
Great Basin, soil moisture patterns on burned sites
differ both spatially and temporally between burned
and unburned sites; these differences may affect the
success of nonnative species relative to native species
(Prater and others 2006). However, research to date
has not isolated soil moisture as the cause of postfire
spread of nonnative species. The effect can be inferred
in a grassland study in which the effect of late spring
prescribed fire on Kentucky bluegrass (Poa pratensis)
was related to postfire moisture. Burning reduced this
nonnative grass significantly on sites that experienced
subsequent dry growing conditions but not on sites
that had abundant postfire moisture (Blankespoor
and Bich 1991). Conversely, smooth brome (Bromus
inermis) decreases when postfire moisture availability
is high and increases when available moisture is low.
The authors suggest that when soil moisture is high,
native warm-season grasses are able to outcompete
fire-injured smooth brome for water; and when less soil
moisture is available, native grasses are less competi-
tive (Blankespoor and Larson 1994).

Fire mineralizes several plant nutrients, including
nitrogen, potassium, and phosphorus, releasing them
from complex molecules in tissues and either volatil-
izing them or depositing them in forms that are more
available for plant uptake (Anderson and others 2004;
Bauhus and others 1993; Keeley and others 2003;
White and Zak 2004). We focus here on nitrogen, since
fire research on this plant nutrient is somewhat more
complete than on others. Nitrogen often limits plant
growth because it is used in many organic molecules
essential for life, including proteins and DNA. When
plants and litter are burned, some of the nitrogen
from organic compounds is volatilized, and the rest
remains on site as ammonium and nitrate—small ions
that plants can readily absorb with soil water (Knoepp
and others 2005). Subsequent changes in soil biota
also affect availability of these ions to plants (Blank
and others 1996). A meta-analysis of the effect of fire
on nitrogen in forests, shrublands, and grasslands
(Wan and others 2001) found no significant effect on
total nitrogen but a significant short-term increase in
available soil nitrogen (ammonium and nitrate). Am-
monium usually peaked immediately after fire, while
nitrate peaked 7 to 12 months after fire. Fire-caused
increases in available nitrogen were transitory. In the
22 studies analyzed, ammonium and nitrate returned
to prefire levels within 3 to 5 years after fire.
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Increases in available nitrogen generally favor
nonnative annual species over native perennials
(McClendon and Redente 1992). Cheatgrass (Bromus
tectorum), for example, effectively uses both patches
and early pulses of nitrogen, which may contribute to
its successful competition with perennials for avail-
able nitrogen (Duke and Caldwell 2001). No studies
elaborate on nitrogen’s influence on annual-perennial
relationships in the postfire environment, though a
similar relationship might be assumed with the post-
fire flush of available nitrogen. Several reviews link
postfire increases in nitrogen to increased nonnative
plant biomass (for example, Brooks 1998; 2002; Floyd
and others 2006; Hobbs and others 1988; Huenneke
and others 1990). However, none has demonstrated
a link between increased nitrogen and increased non-
native abundance at the expense of native species.
Research in Hawai'i demonstrated that nonnative
grasses, which convert native Hawaiian woodlands to
fire-maintained grasslands, alter the seasonal pattern
of nitrogen availability to plants (Mack and D’Antonio
2003); however, this change was described as a likely
result of the invasion rather than the cause of it.

Fires consume litter and organic layers, exposing
mineral soil, a condition that may favor nonnative
invasive species. A meta-analysis of the impact of
litter on understory vegetation indicated a generally
inhibiting effect on germination, establishment, and
productivity (Xiong and Nilsson 1999), though the
analysis did not differentiate between nonnative and
native plants. Postfire research in northern Arizona
ponderosa pine (Pinus ponderosa var. scopulorum)
forests suggested that sites with bare mineral soil and
little litter favored nonnative plants, whereas native
herbs were more tolerant of litter cover (Crawford
and others 2001). In contrast, abundance of nonnative
grasses Japanese brome (Bromus japonicus), soft chess
(Bromus hordeaceus), and Italian ryegrass (Lolium
maultiflorum) may be reduced by fire when litter is
removed because they rely on the moisture retained
in the litter layers for germination and establishment
(see “Influence of Weather Patterns on Postfire Inva-
sions” page 19).

A small body of research focuses on establishment
of nonnative species on burned versus unburned soil
or effects of ash on establishment. Research in pifion-
juniper woodlands suggests that some nonnative
species have an affinity for burned microsites within
larger harvested units (for example, prickly lettuce
(Lactuca serriola), Japanese brome, and London rocket
(Sisymbrium irio)). Other species, Dalmatian toadflax
(Linaria dalmatica), white sweetclover (Melilotus
album), and red brome (Bromus rubens), showed no
preference for burned soil (Haskins and Gehring 2004 ).
Scotch broom (Cytisus scoparius) establishment may
even be reduced by exposure to ash (Regan 2001).
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Several nonnative invasives occur on harvested forest
sites following broadcast burning and appear to prefer
burned microsites (chapter 10). Maret and Wilson
(2000) found that several nonnative species in western
Oregon prairies showed similar emergence but better
survival on burned than unburned plots.

Influence of Fire Severity on
Postfire Invasions

Fire severity is a measure of a fire’s effects on an
ecosystem. Specifically, it is the degree to which a site
has been altered by fire (National Wildfire Coordinat-
ing Group 1996; chapter 1). Fire severity is complex,
difficult to measure and predict, and not directly linked
tothe difficulty of controlling fire, soit is not monitored
or reported as regularly as fire behavior descriptors.
Nevertheless, an understanding of fire severity is
crucial to understanding differential effects of fire on
different plant species.

Fire severity is often described as the result of both
an upward heat pulse and a downward heat pulse,
which are not necessarily correlated (Neary and oth-
ers 2005b; Ryan and Noste 1985). The upward heat
pulse is formed by the flaming front and described by
rate of spread, fireline intensity, and flame length.
The downward heat pulse is influenced to some extent
by the flaming front, especially flaming zone depth,
residence time, and reaction intensity. It is influenced
more strongly by total heat production and duration,
including smoldering and glowing combustion. Upward
and downward heat pulses depend to some extent on
fire type. Ground fires may heat the soil substantially
without producing a strong upward heat pulse. In con-
trast, surface and crown fires can produce long flames
and strong upward heating but may move too fast to
ignite ground fuels or heat the soil appreciably.

Upward Heat Pulse—The upward heat pulse from
a fire largely determines survival of aboveground plant
tissues. Just asfornative plants (Miller 2000), nonnatives
with aboveground parts that most often survive surface
orcrown fire are trees with a high canopy, protected buds,
and/or thick bark. For example, a single fire results in
little mortality of mature, nonnative melaleuca (Mela-
leuca quinquenervia) trees despite a high occurrence of
torching and crown fire. Additionally, melaleuca has an
aerial seed bank consisting of canopy-stored seed that
survives even severe fire. It is one of the first species
to germinate after fire in many habitats in southern
Florida and can subsequently establish large seedling
populations (Munger 2005b, FEIS review). Herbaceous
speciesthatretain mature seedsin inflorescences such as
nonnative annuals in the Mojave Desert (Brooks 2002),
medusahead (Taeniatherum caput-medusae)(Pyke 1994),
and diffuse knapweed (Centaurea diffusa) (Watson and
Renney 1974) may be more susceptible to seed mortality
from fire than species with soil-stored seed. Of course,
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this depends on timing of fire relative to eventual seed
dispersal.

Seedlings and saplings of woody plants are more
susceptible to mortality from fire than larger indi-
viduals because their buds are closer to the ground,
and their bark —which can protect the cambium from
heat damage—is generally thinner (Morgan and
Neuenschwander 1988). For example, while mature
common buckthorn (Rhamnus cathartica) (Boudreau
and Willson 1992), Chinese tallow (Triadica sebifera)
(Grace and others 2005), and Brazilian pepper (Schinus
terebinthifolius) (Meyer 2005a, FEIS review) often
survive and/or sprout from underground parts after
fire, their seedlings and saplings are typically killed
by fire.

Downward Heat Pulse —The downward heat pulse
from fire influences survival of belowground plant tis-
sue, survival and potential heat scarification of buried
seed, consumption of soil organic matter, changes in
soil texture and water-holding capacity, and changes
in soil nutrient availability —all of which influence the
potential for nonnative species to establish, persist,
and spread on burned sites, possibly at the expense
of native species. An understanding of this aspect of
fire severity is crucial for understanding mortality and
survival of plants and seeds that are present on a site
whenitburns. Researchinvestigating the relationship
between the downward heat pulse and abundance of
nonnative invasive species is discussed below (see
“Question 2” page 22). Fundamental aspects of the
downward heat pulse are summarized here; more
detailed discussion is provided by DeBano and Neary
(2005) and Knoepp and others (2005).

The peak temperature reached in soils during fire
usually declines rapidly with depth (for example,
Beadle 1940; DeBano and others 1979; Neal and oth-
ers 1965; Ryan and Frandsen 1991). Sites with dry
soils that are without heavy fuel loads may burn with
no change in temperature 1 to 2 inches (2 to 5 cm)
beneath the soil surface (DeBano and others 2005;
Whelan 1995). Surface and crown fires may heat the
soil relatively little if it is insulated by thick surface
organic horizons (“duff’) that do not burn (DeBano
and others 2005; Hartford and Frandsen 1992). Duff
in forests of western Montana and northern Idaho
was unlikely to burn if its moisture content exceeded
60 percent, though it burned even without continued
heat from surface fire if its moisture content was less
than 30 percent (Hartford and Frandsen 1992).

Duff moisture changes in response to long-term
weather patterns (Alexander 1982). When duff be-
comes dry enough and is subjected to sufficient heat to
ignite, seeds and plant parts within it are consumed,
its insulating value decreases, and it begins to con-
tribute to the fire’s downward heat pulse. Because
of its high bulk density, duff burns slowly, usually
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with smoldering rather than flaming combustion, and
produces an ash layer that can provide a new form of
insulation—preventing heat from dispersing upward
(DeBano and others 2005).

The heat produced by fire interacts with soil moisture
and soil physical properties in complex ways to influ-
ence soil heating. Following are some of the principles
governing heat transfer into the soil:

1. More heat input is needed to increase the tem-
perature of moist soils than dry soils (DeBano
and others 1998; 2005).

2. The thermal conductivity of moist soils may in-
crease with increasing temperature (Campbell
and others 1994).

3. When soil water is heated to vaporization, it
absorbs substantial heat from its surroundings.
When the resulting steam moves to an area of
low temperature, it condenses and releases sub-
stantial heat to its surroundings (DeBano and
others 1998; 2005).

If managers want to minimize soil heating from pre-
scribed burns, the planning process should address both
fuelload and the desired soil moisture range. Frandsen
and Ryan (1986) found that increasing soil moisture
reduced the maximum temperature and duration of
soil heating beneath burning fuel piles. Busse and
others (2006) measured temperature regimes in soils
under approximately 60 tons/acre of masticated fuels
and found that soil moisture greater than 20 percent
(by volume) kept mineral soil temperatures below
140 °F (60 °C) at depths greater than 2 inches (5 cm);
lower soil moisture allowed for greater soil heating.
For a review of soil heating models and heat transfer
in soil, see Albini and others (1996).

The effects of soil heating on survival of underground
plant parts depend on both temperature and duration
of heating (Hare 1961). Lethal temperatures for plant
tissues generally range from about 104 to 158 °F (40
to 70 °C); some seeds can survive exposure to much
higher temperatures (Hungerford and others 1991;
Levitt 1980; Volland and Dell 1981). Fire effects stud-
ies sometimes use maximum temperature to describe
fire severity, but elevated temperatures lasting only
seconds are much less likely to kill or damage living
tissue than the same temperatures sustained for min-
utes or hours. Species differ in their susceptibility to
heat, and the time needed to kill plants of a given spe-
cies decreases exponentially as temperature increases
(fig. 2-2). Therefore, a time-temperature profile of the
soil is a better indicator of fire effects on underground
plant parts than a maximum temperature profile.
Time-temperature profiles generally show the surface
layers reaching higher temperatures than deeper lay-
ers, which is consistent with maximum temperature
profiles; in addition, they often show shorter duration
of elevated temperatures at the soil surface than in
deeper layers (for example, Hartford and Frandsen
1992; Ryan and Frandsen 1991). Figure 2-3 shows
time-temperature profiles measured during an August
prescribed fire under two mature ponderosa pines in
northwestern Montana. Maximum temperatures in
litter and duff were higher than in deeper layers, but
the duration of elevated temperatures increased with
depth.

Fire effects on plant tissues also vary with the
moisture content and metabolic state of the tissues, a
topic addressed in more detail under “Influence of Fire
Season and Plant Phenology on Postfire Invasions”
page 18.
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Figure 2-2—Time required to kill four species of plants (spiderwort (Trad-
escantia sp.), common beet (Beta vulgaris), cabbage (Brassica oleracea),
and garden pea (Pisum sativum)) at a range of temperatures, adapted from
Levitt (1980), from laboratory research conducted in Germany. Note that
the y axis is a logarithmic scale. Highest time values for spiderwort, beet,
and pea are approximate or the midpoint of a range.
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Figure 2-3—Time-temperature profiles under mature ponderosa pine canopy in northwestern Montana
(Ryan and Frandsen 1991). (A) Downward-spreading ground fire in litter and fermentation layer (duff)
7 cm deep. (B) Laterally spreading ground fire in litter/duff 17 cm deep. (Adapted with permission from
International Journal of Wildland Fire, CSIRO Publishing, Melbourne Australia.)

Downward heat pulse effects on plant survival —
The ability of individual plants to survive fire de-
pends on the temperature regime at the location of
their perennating tissues (Miller 2000) and is thus
related to fire severity. Raunkiaer (1934) classified
plants according to their means of surviving freezing
temperatures, by noting the vertical position of their
perennating tissues, or buds, above and below the

soil surface (table 2-2). This classification can be
adapted to explain plant response to fire by consid-
ering not only dormant buds that survive fire but
also adventitious buds that sprout after the plant
is top-killed. Many plants survive lethal heating
of aboveground tissues because their underground
parts are capable of producing new stems, roots,
and leaves (Smith 2000).

Table 2-2—Effects of fire on Raunkiaer (1934) plant life forms.

Perennating tissue

Potential injury from fire

Seeds that reside on or
under the soil surface,
or on senesced plants

Perennial tissue and/or
adventitious buds just
above the soil surface

Perennial tissue and/or
adventitious buds just
above or below the

Perennial tissue and/or
adventitious buds well
below the soil surface

Raunkiaer
life form Example

Therophytes Annuals
Chamaephytes Some shrubs

& herbs
Hemicryptophytes Rhizomatous plants,

root sprouters

soil surface

Cryptophytes Plants with bulbs

or corms
Phanerophytes Trees & tall shrubs

Perennial tissue and/or
epicormic buds well
above the soil surface

Depends on where seeds are
located during fire

Often killed by fire due to position
within the flaming zone

Depends on their location in organic
or mineral soil; combustion of litter
and duff; amount of soil heating from
smoldering combustion; can be as
well protected as bulbs or corms

Protected from all but severe fires
due to insulation from soil

Can be killed by crown fires, which
consume the canopy, or by surface
fires if severe enough to kill the
cambium or perennating buds
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Plants with buds located in the combus-
tible organic layers of soil can survive if the
organic matter does not burn. Plants with
buds in mineral soil have greater potential to
survive; the deeper the perennating tissue,
the more likely their survival. Dormant and
adventitious buds can occur on stolons, root
crowns, rhizomes, roots, caudices, bulbs, and
corms (fig. 2-4). Stoloniferous plants have
stems or branches that grow on the surface
and can sprout from buds along their length.
Because of their position, stolons are likely to
be damaged by fire. In contrast, buds in the
root crown, the transition area between stem
and root, are somewhat better protected from
fire because of their position at or beneath the
surface, possible insulation from bark, and
thermal mass. Rhizomes (usually horizontal)
and caudices (vertical) are plant stems grow-
ing within the organic or mineral soil, and roots also
grow in these layers (fig. 2-5). Duff and mineral soil
may insulate their buds from heat damage, especially
when they are located in mineral soil, well below the
surface. Bulbs and corms—underground plant storage
organs bearing roots on their lower surfaces—usually
grow below the organic layer in mineral soil and are
well protected from all but severe ground fires.

Several species of nonnative invasive trees sprout
after fire. Examples include melaleuca (Munger
2005b), Chinese tallow (Meyer 2005b, FEIS review),
and tamarisk (Tamarix spp.) (Zouhar 2003c, FEIS
review). However, severe fire can kill both Chinese

Rhizome or

root Caudex
\ /
)
.

Rootcrown

Stolon Bulb or

: Organlc :
soil

Inorganic
soil

Figure 2-4—Organs that may enable perennial plant species
to survive fire. Green circles indicate meristem tissues. Native
species may have any of these organs; none of the nonna-
tive species discussed in this volume have bulbs or corms.
Organic soil horizons are not always distinct, as suggested
by this diagram; they often intergrade with top layer of mineral
soil. For more discussion of plant organs in relation to fire, see
Miller (2000).
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Figure 2-5—Sulfur cinquefoil sprouting, probably from surviving
caudex, within a month after September wildfire in a western
Montana mountain grassland. (Photo by Peter Rice.)

tallow (Grace and others 2005) and tamarisk (Ellis
2001). Fire can top-kill most nonnative invasive shrubs,
but many persist via underground tissues, with sur-
vival depending on fire severity. For example, gorse
(Ulex europaeus) occurs in heathlands in its native
range, where it responds to low-severity surface fire
by sprouting from the basal stem region. Under these
circumstances, postfire vegetative regeneration of
gorse can be prolificand rapid. However, severe ground
fire, which consumes most or all of a deep organic
surface horizon, typically kills gorse (Zouhar 2005d,
FEIS review). Mortality of Scotch broom in Australia
(Downey 2000) and Washington (Tveten and Fonda
1999), and French broom (Genista monspessulana)
in California (Boyd 1995; 1998) also appears to be re-
lated to fire severity. Gorse and brooms also establish
prolifically from on-site seed in the postfire environ-
ment, with abundance dependent on fire severity (see
“Downward heat pulse effects on seed” page 16).
Most grasses are top-killed by fire. However,
perennial grasses sprout seasonally, so removal of
aboveground biomass in itself is not a factor affect-
ing postfire survival. Rhizomatous grasses have an
extensive underground network of rhizomes that are
likely to survive and sprout after fire. There are many
examples of invasive perennial grasses that sprout
after fire, especially in the Central (chapter 7), Interior
West (chapter 8), and Hawaiian Islands (chapter 11)
bioregions. These species typically respond with
rapid sprouting and high fecundity in the postfire
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environment (see “Question 1” page 20). However,
some nonnative perennial grasses may be killed by
high-severity fire. Redtop (Agrostis gigantea), for ex-
ample, a rhizomatous grass introduced from Europe,
generally survives fire (Carey 1995, FEIS review) but
may be killed by ground fires in peat (Frolik 1941).
Crested wheatgrass (Agropyron cristatum) and desert
wheatgrass (Agropyron desertorum) are nonnative
bunchgrassesthat generally burn quickly, transferring
little heat into the soil. However, fires that smolder
in the dense clusters of stems in these bunchgrasses,
burning for extended periods after the fire front has
passed, are likely to kill them (Skinner and Wakimoto
1989).

Fires may kill seedlings and top-kill adult nonnative
perennial forbs, but adult plants typically survive and
sprout from perennial underground parts after fire.
This is probably because even the most severe fires
rarely damage plant tissues below 2 inches (10 c¢cm)
in the soil, while perennial rhizomes and roots with
dormant or adventitious buds on some plants can
penetrate the soil to a depth of several feet. Informa-
tion on differential effects of fire severity was found
for several invasive perennial forbs, but results from
these studies are inconclusive due to incomplete in-
formation. A study from Australia suggests that St.
Johnswort (Hypericum perforatum)mortality increases
with increased fire severity (Briese 1996); and two
studies from central Illinois suggest that garlic mus-
tard (Alliaria petiolata) may be sensitive to severe fire
(Nuzzo 1996; Nuzzo and others 1996).

Where information on response to fire is lacking
for most nonnative species, cautious inferences can
be made based on plant morphological traits. Species
with subterranean dormant and adventitiousbuds are
likely to survive and sprout following fire (Goodwin
and others 2002). Perennial woody and herbaceous
species known to sprout following mechanical damage
or top-kill by means other than fire may be capable of
similar responses to fire if their perennating tissues
are protected from the downward heat pulse. However,
fires and mechanical disturbances alter a site in differ-
ent ways, so biological responses cannot be assumed
to be equivalent.

Downward heat pulse effects on seed—Like
plants that survive a fire onsite, residual colonizers
(species that leave viable seed onsite even if mature
plants are killed by fire) have early access to resources
in the postfire environment. Seed survival depends on
seed location relative to the occurrence of lethal tem-
perature regimes. Because grasses produce fine fuels
with high surface-to-volume ratios, fuel consumptionin
grassland communities is often rapid, residence times
are short, and lethal temperatures may not occur at the
soil surface (Daubenmire 1968a). Invasive grasses and
grassland invaders with seed that frequently survives
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fire include medusahead (Blank and others 1996),
cheatgrass (Evans and Young 1987), yellow starthistle
(Centaurea solstitialis) (Hastings and DiTomaso 1996),
and filaree (Erodium spp.) (chapter 9). Seeds in soil
organic layers may be killed or consumed by fire if the
organic material burns, but seed at the mineral soil
surface may survive even where litter is burned (for
example, Japanese brome (Whisenant 1985)). It should
be noted that grassland fires do not always produce
mild temperature regimes. For example, in prescribed
fires on the Texas plains, the maximum temperature
recorded at the soil surface was 1260 °F (682 °C), and
temperatures exceeded 150 °F (66 °C) for as long as
8.5 minutes (Stinson and Wright 1969).

Buried seeds are most likely to survive fire. For
example, tumble mustard (Sisymbrium altissimum)
has tiny seeds that fall into fire-safe microsites such
as soil crevices (Howard 2003b, FEIS review), and
cutleaf filaree (Erodium cicutarium) seed is driven
into the soil by the styles (Felger 1990)—traits that
may protect these seeds from fire. However, seeds
buried too deep in the soil may fail to establish if they
require light for germination (for example, bull thistle
(Cirsiumvulgare) and Lehmann lovegrass (Eragrostis
lehmanniana)) or if endosperm resources are depleted
before the seedlings emerge from the soil. The effect
of seed burial depth on germination is demonstrated
by several nonnativeinvasives. Rattail sixweeks grass
(Vulpia myuros), a nonnative annual grass, germi-
nated more successfully from 0.5-inch (1-cm) depth
than from 2-inch (5-cm) depth in a greenhouse study;
seedlings emerging from 5 cm weighed significantly
less than seedlings from 1 ¢m (Dillon and Forcella
1984). Optimum germination of spotted knapweed
(Centaurea biebersteinii) seed occurs with the seeds
at the soil surface and decreases with depth, with
little germination below 2 inches (5 cm) (Spears and
others 1980; Watson and Renney 1974). Scotch broom
germination rates are highest in the top inch (2 cm) of
soil, and seedlings do not emerge from below 3 inches
(8 cm) (Bossard 1993). St. Johnswort seed germination
is limited in the dark, and seedlings emerging from
seed buried as little as 0.5 inch (1 cm) rarely survive
(Zouhar 2004, FEIS review).

Seed bank formationis complex and depends on many
factors, including (1) seed rain, dormancy, predation,
longevity, and size; (2) soil texture, structure, deposi-
tion, and compaction; and (3) movement of seeds by
wind, earthworms, insects, and animals (Baskin and
Baskin 2001). Because of this complexity, seed longevity
under field conditionsisrarely known accurately and is
often estimated from field observations and laboratory
studies. Several nonnative forbs have been reported to
regenerate from a soil seed bank, including bull thistle
(Doucet and Cavers 1996), St. Johnswort (Zouhar
2004), tansy ragwort (Senecio jacobaea) (chapter 10),
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and common groundsel (S. vulgaris) (Zammit and
Zedler 1994). Establishment and spread of these spe-
cies is triggered by disturbances that remove existing
vegetation. Gorse, Scotch broom, and French broom
all form seed banks (Zouhar 2005a,c,d). The ability of
these shrubs to establish large numbers of seedlings
after fire is related to prolific seed production, longev-
ity of viable seed, and a scarification requirement for
germination.

Seeds of several nonnative species are stimulated
to germinate by exposure to heat or fire. Brooms and
gorse seed germination is stimulated by heat scarifica-
tion (Zouhar 2005a,c,d). Mimosa (Albizia julibrissin)
seeds exposed to flame in the laboratory had higher
germination rates than unheated seeds (Gogue and
Emino 1979). Lehmann lovegrass seeds are dormant at
maturity, but seed on the soil surface can be scarified
either by fire or by high summertime seedbed tempera-
tures (Sumrall and others 1991). Field observations
(Briese 1996; Sampson and Parker 1930; Walker 2000)
and laboratory tests (Sampson and Parker 1930) sug-
gest that fire stimulates germination of St. Johnswort
seed. Most yellow sweetclover (Melilotus officinalis)
and white sweetclover seeds can remain viable in the
seed bank for 20 to 40 years (Smith and Gorz 1965;
Smoliak and others 1981; Turkington and others 1978)
and have hard seed coats that require scarification for
germination (Smith and Gorz 1965). Fire aids establish-
ment of sweetclover in grasslands, probably because
it scarifies seed and simultaneously creates openings
in which sweetclover can establish (Heitlinger 1975).
Soil heating by fire may promote kudzu (Pueraria
montana var. lobata) germination by scarifying the
seedcoat, allowing water to penetrate (Munger 2002b,
FEIS review).

While heat stimulates seed of some nonnative inva-
sives to germinate, it inhibits others. Examples from
laboratory testsinclude spotted knapweed (Abella and
MacDonald 2000), bull thistle, woodland groundsel
(Senecio sylvaticus) (Clark and Wilson 1994), common
velvetgrass (Holcus lanatus) (Rivas and others 2006),
and Johnson grass (Sorghum halepense) (Mitchell and
Dabbert 2000). Other species show reduced establish-
ment following fire in the field. Menvielle and Scopel
(1999, abstract) report that the surface seed bank of
chinaberry (Melia azedarach) is completely killed by
fire, although there was “some” emergence from bur-
ied seed. Brooks (2002) found that nonnative annuals
(red brome, Mediterranean grass (Schismus spp.),
and cutleaf filaree) in the Mojave Desert responded to
different temperature regimes in different microsites.
The highest temperatures occurred under the canopies
of creosotebush (Larrea tridentata) shrubs (where the
most fuel was consumed), and these microsites had
reduced biomass of the nonnative annuals for 4 years
after fire. At the canopy dripline, where temperatures
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were lower, annual plant biomass was reduced for
1 year, while negligible postfire changes occurred in
interspace microsites, where fire produced little soil
heating (Brooks 2002).

Influence of Fire Frequency
on Postfire Invasions

The relationship between nonnative species and
fire frequency has received little attention outside the
context of control efforts (chapter4). A plant’s response
to fire frequency should theoretically be related to its
life history, morphology, and maturity. Many annuals
can persist under a regime of frequent, even annual,
burning if their seeds are protected from heat and
subsequent growing conditions are favorable (see table
2-2). Examples among nonnative species that persist
under a regime of frequent fire include many annual
grasses and forbs in the Great Basin and California
(chapters 8 and 9). Exceptions include medusahead
and ripgut brome (Bromus diandrus), which showed a
significant decrease in abundance after two consecutive
burns (DiTomaso and others 2006b), probably because
their seeds are not protected from heat. Another excep-
tion is prickly lettuce in Central bioregion tallgrass
prairie (Towne and Kemp 2003). In fact, native prairie
species tend to be adapted to frequent fire and can
often resist invasion by nonnatives under a regime of
frequent fire (chapter 7). This is especially evident in
large, intact ecosystems with low propagule pressure,
as compared to fragmented landscapes with large pools
of nonnatives present (Smith and Knapp 2001).

The ability of perennial species to persist through
repeated fires depends on protection of their meristem,
buds, and seed from heat and their ability to replenish
energy stores and buds after fire (Whelan 1995). Most
perennial herbs are vulnerable to fire as seedlings, so
repeated fires at short intervals are likely to reduce
establishment. Ability to withstand fire is likely to
increase with maturity if underground structures ex-
pand (Gill 1995). Unfortunately, literature describing
responses of nonnative plants to differing fire intervals
is rarely available (chapter 12). Results of studies in
different locations can be compared, but it is difficult
to ascertain whether differing results are caused by
different fire frequencies or by other variables, such as
community properties and fire severity and seasonality.
For example, spotted knapweed abundance tends to
increase after single fires in ponderosa pine communi-
ties in the Interior West bioregion (chapter 8), while
in Michigan, annual spring prescribed burning under
severe conditions (when humidity and dead fine fuel
moisture are as low as possible) reduces spotted knap-
weed populations and increases the competitiveness
of the native prairie vegetation (J. McGowan-Stinski,
personal communication 2001).
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Woody species seedlings also tend to be susceptible
to fire, though fire resistance for many increases with
age as bark thickens, underground structures expand,
and bud-bearing stems become taller. Even though
mature melaleuca trees are very resistant to damage
from repeated fires (Geary and Woodall 1990), most
seedlings (up to 12 inches (30 cm) tall) are killed by
fire (Timmer and Teague 1991). Similarly, Grace and
others (2005) describe prescribed fires that killed all
Chinese tallow less than 4 inches (10 c¢cm) tall and
40 percent of those 4 inches to 3 feet (10 cm to 1 m)
tall (Grace and others 2005). It is not surprising that
researchislacking on the effects of varying fire frequen-
cies on invasive trees, since this information can only
be obtained from long-term studies. Considering the
potential for interactions among carbohydrate reserve
patterns, fluctuating resources in the ecosystem due
to fire, heat damage to plants and secondary damage
from insects and pathogens, and competitive interac-
tions among species, it is difficult to accurately predict
the effects of varying fire frequencies on long-lived
woody species without field research, and even then
results are likely to be specific to the plant community
studied. Long-term research is needed on how varying
fire intervals and their interactions with fire severity
and seasonality affect nonnative plants.

Influence of Spatial Extent and Uniformity
of Fire on Postfire Invasions

The availability of propagules within a burn and
from nearby unburned sites depends on fire size,
patchiness, and uniformity of fire severity. Giessow
and Zedler (1996) found that rates of establishment
of nonnative species declined with distance from
source populations. If a burned area is large, species
establishing from off-site are likely to be represented
by long-distance seed dispersers. Several nonnative
species with small, wind-dispersed seed are reported
in early postfire communities (see “Question 1” page
20). Animal dispersal of invasive plant seeds after fire
has not been documented in the literature, but this
mode of establishment seems likely for many nonnative
invasives, such as Brazilian pepper in the Southeast
(Ewel and others 1982) and numerous shrubs and
vines in the Northeast (chapter 5).

When burned areas occur in patchy vegetation or
a highly fragmented landscape, rates of postfire es-
tablishment of nonnative species can be high (Allen
1998; Minnich and Dezzani 1998). After comparing
the establishment of nonnative invasive species from
small and large species pools in Kansas tallgrass prai-
rie, Smith and Knapp (2001) suggest that increasing
fragmentation of ecosystems will increase invasibility.
Cole (1991) notes that sweetclover may persist despite
repeated burns to control it if the fires are patchy,
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leaving some of the seed bank intact and enabling
second-year shoots to survive. Keeley and others (2003)
found that nonnatives were uncommon in unburned
chaparral but persistentin adjacent blue oak (Quercus
douglasii) savannas. Because these two communities
occurred in a mosaic, nonnatives rapidly established
in patches of burned chaparral from the savanna.
Nonnatives in chaparral constituted 8 percent of the
plant species present 1 year after fire, 23 percent the
second year, and 32 percent the third year.

Variation in fire severity (which may result from
patchy vegetation, variation in fuel structure and
moisture, or other factors) may also increase the sus-
ceptibility of a site to spread of invasives (see “Ques-
tion 2”7 page 22).

Influence of Fire Season and Plant
Phenology on Postfire Invasions

Fire effects on plant tissues vary with the moisture
content and metabolic state of the tissues themselves
(Hare 1961; Volland and Dell 1981). More heat is re-
quired to raise the temperature of large, thick tissues
than fine ones (Hungerford and others 1991; Levitt
1980; Whelan 1995), solignotubers and thick rhizomes
are generally less susceptible to fire damage than root
hairs and mycorrhizae at the same depth in the soil.
In addition, actively growing plants generally suffer
damage at lower temperatures than seeds or dormant
plants of the same species (Volland and Dell 1981).
Kentucky bluegrass, for example, flowers early and is
dormant by mid-summer. The species is not usually
damaged by late-summer fire unless it occurs during
drought (Uchytil 1993, FEIS review). This variation
in fire response may be related to the higher water
content of growing than dormant plants (Zwolinski
1990) or the lack of stored carbohydrates available
for regrowth if plants are burned during the growing
season (Whelan 1995). Phenological patterns may
interact with soil moisture patterns to influence a spe-
cies’susceptibility to heat damage, since plant and soil
moisture may vary together through the seasons.

Influence of fire season on invasions by nonnative
species is not often described in the scientific litera-
ture (chapter 12). Since temperate herbs die back to
the ground at the end of the growing season, dormant
season fires usually havelittle impact on their survival.
Growing season fires are more likely to cause direct
mortality, damage actively growing tissues, deplete
resources, and increase postfire recovery time (Miller
2000) in herbaceous plants and woody species as well.
A review by Richburg and others (2001) suggests that
prescribed burns conducted in the Northeast bioregion
during the dormant season ultimately increase the
density of invasive woody species. Similarly, dormant
season and growing season burns do not differ in
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immediate damage to Chinese tallow, but growing
season fires result in weaker recovery and greater
long-term impacts to this species (Grace and others
2005). Additionally, season of burning may indirectly
affect postfire response of a particular species due toits
relationship to fire severity. For example, higher sever-
ity of fall fires versus spring fires may account for the
significantly higher mortality and lower basal sprout-
ing of Scotch broom following fall burning (Tveten and
Fonda 1999). Managers can take advantage of differ-
ences in phenology between nonnative invasives and
desired native species in planning burns to increase
dominance of desired species (chapter 4).

Influence of Weather Patterns
on Postfire Invasions

Weather patterns, especially timing and amount of
precipitation, may be decisive in determining the abil-
ity of nonnative invasive species to establish, persist,
and spread. This may be particularly evident in arid
and semiarid communities. Abundance of nonnative
annuals in desert shrublands, for example, is strongly
affected by precipitation patterns (chapter 8). Increased
fuel loads and continuity in years with above-average
precipitation can increase the probability that an area
supporting nonnative annual grasses will burn in the
following dry season (Knapp 1995, 1998). When these
annual grasses persist and spread after fire, creating
conditions favorable for more fire, a grass/fire cycle
may result (chapter 3).

Postfire weather conditions affect the ability of
nonnative invasive species to persist and spread after
fire (D’Antonio 2000). Melaleuca seedling establish-
ment, for example, is affected by timing and amount
of precipitation relative to burning (Munger 2005b;
chapter 6). In a central Utah sagebrush (Artemisia
tridentata ssp. wyomingensis) community, postfire
abundance of cheatgrass over a 20-year period seems
closely tied to precipitation patterns—declining during
drought and increasing during wet periods (Hosten and
West 1994; West and Hassan 1985; West and Yorks
2002).

Species exhibiting a reduced abundance after fire
coincident with lower than average postfire pre-
cipitation include yellow starthistle, sulfur cinquefoil
(Potentilla recta), and Japanese brome. A single burn
typically increases germination and density of yellow
starthistle, but fire eliminated yellow starthistle on
a site that experienced drought after fire (DiTomaso
and others 2006b). For 2 years following an August
wildfire in grasslands dominated by bluebunch
wheatgrass (Pseudoroegneria spicata) and Sandberg
bluegrass (Poa secunda) in Idaho, yellow starthistle
canopy cover increased significantly —probably aided
by substantial precipitation the month after the fire
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(Gucker 2004). In a northwestern Montana rough
fescue (Festuca altaica) grassland, small prescribed
burn treatments were followed by increased density of
small sulfur cinquefoil plants, but the population then
decreased under the drought conditions that prevailed
during the 5-year study (Lesica and Martin 2003). The
current view of fire effects on Japanese brome is based
on its requirement for sufficient moisture to establish
and the role of plant litter in retaining soil moisture
(Whisenant 1989). Fire kills the majority of Japanese
brome plants and much of the seed retained by the
plant and also removes the litter layer, so populations
of Japanese brome are often substantially reduced
following fire (for example, Ewing and others 2005;
Whisenant and Uresk 1990). When fall precipitationis
plentiful, however, litter is not required for successful
establishment and populations can rebound immedi-
ately (Whisenant 1990b). Moisture availability may
influence Japanese brome population dynamics more
than fire (chapter 7).

In contrast to the above examples, burned peren-
nial Lehmann lovegrass may increase under postfire
drought conditions. This species exhibited noreduction
inbiomass production during an experimental drought
(Fernandez and Reynolds 2000) and had greater re-
productive output on burned versus unburned plots
during 2 years of lower than average precipitation
after fire in the High Plains of Texas (McFarland and
Mitchell 2000).

Generalizations About Fire Effects
on Nonnative Invasives

Inthe previous sections, we applied concepts ofinva-
sion ecology, fire behavior, fire regimes, and competition
to the potential effects of fire on nonnative invasive
species. In this section, we use that conceptual basis
to examine several generalizations about postfire
invasion that are often suggested. We treat these
generalizations as questions and explore their appli-
cability and scope using examples from the scientific
literature. While several of the generalizations are
supported by examples from the literature, each one
also has exceptions. The take-home message of this
analysis is that, while generalizations are useful for
describing and explaining fire’s relationship to non-
native invasive species, they have limited usefulness
for predicting what will happen on a given site after
a given burn. Generalizations can alert the manager
to what might happen after fire; but local knowledge
of plant communities, the status of nonnative species,
and the burnitself(especially severity and uniformity)
are essential for managers to select and prioritize
management actions that will minimize ecosystem
impacts from nonnative species after fire and to avoid
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management actions that are unnecessary and could
themselves cause environmental damage.

One problem with most scientific literature on
nonnative species is that the species considered have
been selected for study because they are problematic.
They are usually among the ~1 percent of nonnative
species that become invasive (causing ecological or
economic harm) or are otherwise considered pest spe-
cies (Williamson 1993; Williamson and Brown 1986).
Because researchers tend to study the most invasive
nonnative species (for example, see Vila and Weiner
2004), it is worthwhile to keep in mind that (1) not all
nonnative species are invasive, (2) no invasive species
causes harmin every native plant community in which
itoccurs, and (3) some nonnatives currently considered
innocuous may eventually cause ecological damage to
a native community. As mentioned frequently in this
volume, local knowledge is as important as an under-
standing of general concepts relating to nonnative
species and fire.

Question 1. Does Fire Generally Favor
Nonnatives Over Natives?

Generally speaking, if a fire occurs in a plant com-
munity where nonnative propagules are abundant and/
or the native species are stressed, then nonnative spe-
cies are likely to establish and/or spread in the postfire
environment. To what degree they will dominate, and
for how long, is less clear. Chapter 12 points out the
lack of long-term studies on nonnative species after
fire.

The interaction between fire and nonnative species
is complex and research results are limited and vari-
able. A review of recent research on fire and nonnative
species (D’Antonio 2000) supports the contention that
accidental and natural fires often result in increases
in some nonnative species. However, the scope of the
review is limited with regard to North American plant
communities: It includes studies from five habitats in
California, two in the Great Basin Desert, three in the
Sonoran Desert, one in Canada, and one in Hawai'i
(D’Antonio 2000). The bioregional discussions in
this volume provide a more comprehensive review of
nonnative-fire interactions in North American plant
communities. Community-level information sup-
porting postfire increases in nonnatives is available
for California grasslands and shrublands (chapter
9), desert shrublands (chapter 8), wet grasslands
invaded by melaleuca (chapter 6), and closed-canopy
forests (chapter 10). In addition, a growing body of
literature describes postfire increases of nonnatives
in other communities, including forests dominated by
ponderosa pine (for example, Cooper and Jean 2001;
Phillips and Crisp 2001; Sackett and Haase 1998;
Sieg and others 2003;) pinon-juniper (Pinus spp. —
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Juniperus spp.) woodlands (chapters 8 and 9), and
Hawaiian shrublands and grasslands (chapter 11).
These bioregional discussions also present excep-
tions. Fires in grasslands and prairies, which have
evolved with frequent fire, often favor native species
over nonnatives (chapters 6, 7, 8, 10). In other plant
communities (for example, Oregon white oak (Quer-
cus garryana) woodlands) and other bioregions (for
example, the Northeast and Alaska), information on
interactions between fire and invasives does not fol-
low a consistent pattern. Because research is limited
and results are variable, the generalization that fire
favors nonnatives over natives cannot be applied to
all nonnative species or all ecosystems. A breakdown
based on postfire regeneration strategies of the non-
native species may be more helpful.

Survivors—Most nonnative perennial species
studied have the ability to sprout from root crowns,
roots, or rhizomes following top-kill or damage. For
several of these species, the literature reports postfire
sprouting. Some reports also note that these species
spread in the postfire environment, although informa-
tion regarding their effects on native communities,
especially over the long term, tends to be sparse.

Nonnative invasive woody species are most common
in the Northeast, Southeast, and Northwest Coastal
bioregions, and in riparian communities in the Inte-
rior West and Central bioregions. Melaleuca (Munger
2005b; chapter 6) and tamarisk (Busch 1995; Ellis
2001) are known to sprout after fire with greater vigor
than associated native species and tend to dominate
postfire communities. The woody vine kudzu, known
todominate plant communities in the Southeast biore-
gion to the detriment of native species, sprouts from
the root crown after fire and may return to previous
levels of dominance by the second postfire growing
season (Munger 2002b). For other woody species,
however, such as tree-of-heaven (Gibson and others
2003), Russian-olive (USDA Forest Service 2004), and
autumn-olive (chapter 5), reports of postfire sprout-
ing tend to be anecdotal, and postfire consequences to
ecosystems are not described.

Nonnative shrubs such as chinaberry, bush honey-
suckles (Lonicera spp.), and glossy buckthorn (Frangula
alnus) are known to sprout after fire, but information
on postfire response ininvaded communitiesislimited
and sometimes conflicting. For example, chinaberry
exhibited vigorous crown and root sprouting from
adventitious buds after fire in Argentina (Menvielle
and Scopel 1999, abstract). Itis speculated that postfire
sprouting of this type can lead to spread of chinaberry
(Tourn and others 1999), but to date, no fire research
onthis species hasbeen published from North America.
Several studies indicate limited mortality and basal
sprouting in bush honeysuckles after fires in spring,
summer, and fall (for example, Barnes 1972; Kline
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and McClintock 1994; Mitchell and Malecki 2003),
but none provide information beyond the first postfire
year. Glossy buckthorn was reported to increase after
fire in a calcareous fen in Michigan (chapter 5) and
in an alvar woodland in Ontario (Catling and others
2001), but this species was also strongly associated
with unburned alvar woodland (Catling and others
2002), so the specific effects of fire are unclear. In the
Northwest Coastal bioregion, several nonnative woody
species including blackberries (Rubus spp.), Scotch
broom, sweetbriar rose (Rosa eglanteria),and common
pear (Pyrus communis) sprout from underground parts
after fire, often with increased stem density; however,
effects of these species on the native community after
fire are not well described. Additionally, these species
also spread with fire exclusion in some communities
(chapter 10).

Nonnative perennial herbs such as Canada thistle
(Cirsium arvense) (Zouhar 2001d, FEIS review), spot-
ted knapweed (MacDonald and others 2001; Zouhar
2001c, FEIS review), Dalmatian toadflax (Linaria
dalmatica) (Jacobs and Sheley 2003a), St. Johnswort
(Zouhar 2004), and sulfur cinquefoil (Lesica and Martin
2003) tend to survive fire and may spread in postfire
communities (see “Downward heat pulse effects on
plant survival” page 14). But postfire dominance is
likely to vary with plant community, fire frequency,
and fire severity. For example, spotted knapweed and
Canada thistle may increase in abundance in ponde-
rosa pine and closed-canopy forests after fire, while
in native prairies, where the dominant native species
are well adapted to frequent fire, their abundance may
be reduced by fire (see “Influence of Fire Frequency on
Postfire Invasions” page 17, and “Question 5” page 27).

In Hawai'i, nonnative perennial grasses and nonna-
tive Asian sword fern (Nephrolepis multiflora) survive
fire and can respond with increased cover at the expense
of native species (chapter 11). For example, fountain
grass (Pennisetum setaceum) can sprout rapidly follow-
ing top-kill and set seed within a few weeks (Goergen
and Daehler 2001). In another study, total nonnative
grass cover was about 30 percent higher and total
native species cover lower in burned than unburned
transects 2 to 5 years after fire (D’Antonio and others
2000; Tunison and others 1995). Asian sword fern is
observed to sprout shortly after fire and quickly domi-
nate the understory in mesic “ohi‘a forest (Ainsworth
and others 2005; Tunison and others 1995).

Seed Bankers—Residual colonizers with surviving
viable seed in the soil after fire have early access to
resources and may dominate the postfire environ-
ment, at least in the short term. Several examples are
presented above (see “Downward heat pulse effects on
seed” page 16).

Flushes of seedlings from heat-scarified seed in the
soil seed bank can be dramatic, so these species tend
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to dominate immediately after fire. Examples include
brooms (Zouhar 2005a,c), St. Johnswort (Sampson and
Parker 1930; Walker 2000), and lovegrasses (Eragros-
tis spp.) (Ruyle and others1988; Sumrall and others
1991). Dense populations of these species can persist
in some communities. For example, Scotch and French
broom form dense thickets in California grasslands.
Flushes of broom seedlings after fire (for example, see
Haubensak and others 2004) are likely to maintain
populations of these species indefinitely (for example,
Boyd 1995, 1998).

Other species that establish from the soil seed bank
include annual grasses and forbs, though they may not
dominate until the second or third postfire season, and
may or may not persist. Density and timing of postfire
dominance by these species may depend on precipita-
tion (see “Influence of Weather Patterns on Postfire
Invasions” pagel9). Once established, populations can
persist for many years. For example, in a Wyoming
big sagebrush shrub-steppe community on the Snake
River Plain south of Boise, Idaho, cover of nonnative
annual grasses was sparse in control plots, which were
dominated by predominantly native species, while
nonnative annuals dominated burned plots 10 years
after fire (Hilty and others 2004).

Seed Dispersers—Dramatic postfire increases in
nonnative species with wind-dispersed seed are com-
monly described in the literature, although the seed
source is rarely indicated so establishment may be
from the soil seed bank in some cases. Nonnative spe-
cies with small, wind-dispersed seed often occur and
sometimes dominate burned forest sites in the early
postfire environment in the Interior West and North-
west Coastal bioregions. Examples include Canada
thistle (Floyd and others 2006; MacDougall 2005;
Turner and others 1997; Zouhar 2001d), bull thistle
(MacDougall 2005; Zouhar 2002b, FEIS review), musk
thistle (Carduus nutans) (Floyd and others 2006), wild
lettuces (Lactuca spp. and Mycelis spp.) (Agee and Huff
1980; Sutherland, unpublished data 2008; Turner and
others 1997), tansy ragwort (Agee and Huff 1980), hairy
catsear (Hypochaeris radicata) (Agee and Huff 1980),
common velvetgrass (Agee 1996a,b), and dandelion
(Taraxacum officinale) (Wein and others 1992). These
species tend to be absent from adjacent undisturbed
forest. Their abundance usually peaks 2 to 4 years after
fire, after which their numbers decline (see “Question
4” page 25). However, there are exceptions to this pat-
tern. For example, pifion-juniper communities have
supported populations of Canada and musk thistle
for over 13 postfire years (Floyd and others 2006),
and many species can survive on site through viable
seed in the soil seed bank from which seedlings can
establish after another disturbance (Clark and Wilson
1994; Doucet and Cavers 1996). Other invasives that
establish after fire via long-distance seed dispersal
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include princesstree (Paulownia tomentosa) in the
Northeast bioregion (Reilly and others 2006), cogon-
grass (Imperatacylindrica) Mishraand Ramakrishnan
1983) in the Southeast bioregion, and fountain grass
in Hawai'i (Nonner 2006).

Species With Increased Fecundity After Fire —
Several species produce unusually large seed crops in
the postfire environment. For instance, the August
following a stand-replacing fire at Lees Ferry, Arizona,
69 percent of burned tamarisk plants were blooming
heavily, while on adjacent unburned sites 11 percent
of tamarisk plants were blooming (Stevens 1989).
Other perennials showing an increase in flowering and
seed production after fire include Dalmatian toadflax
(Jacobs and Sheley 2003a) and St. Johnswort (Briese
1996). Annual species often produce more seed in
burned than unburned sites, allowing the annuals to
spread rapidly during the time when resource avail-
ability may be high (Brooks and Pyke 2001). Examples
include cheatgrass in diverse habitats (Mojave desert,
sagebrush (Artemisia spp.) grasslands, and dry ponde-
rosa pine and grassland in Idaho) (Zouhar 2003a, FEIS
review), yellow starthistle in California grasslands
(Hastings and DiTomaso 1996), and annual vernal
grass (Anthoxanthum aristatum) in Oregon white oak
woodlands (Clark and Wilson 2001).

Exceptions—While many studies support the
generalization that nonnatives increase after fire,
the above discussion illustrates substantial variation.
Additionally, impacts from postfire invasions are not
well documented, especially over the long term.

Some species can be reduced by fire (chapter 4), and
some research demonstrates that fire exclusion con-
tributes to invasion of native plant communities that
have evolved with frequent fire. For example, native
prairies are invaded by woody species and cool-season
grasses in the Central bioregion (chapter 7). Oregon
white oak woodlands and Idaho fescue (Festuca ida-
hoensis) prairies are invaded by nonnatives Scotch
broom and Himalayan blackberry (Rubus discolor)
in the Northwest Coastal bioregion (chapter 10). Wet
grasslands and pine habitats are invaded by non-
native woody species in the Southeast (chapter 6), and
oak forests and savannas are invaded by nonnative
shrubs and vines in the Northeast (chapter 5).

Question 2. Do Invasions Increase With
Increasing Fire Severity?

Several researchers report greater abundance of
nonnative species following high-severity fire com-
pared with unburned or low-severity burned sites.
Definitions of fire severity vary in these accounts,
with some relating severity to canopy removal and
others relating it to litter or fuel consumption and/or
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ground char. On conifer sites in California, abundance
of nonnative species was low in virtually all burned
sites, but was greatest in areas with high-severity
fire (Keeley and others 2003). Similarly, nonnative
species cover in ponderosa pine forests of Colorado,
New Mexico, and Arizona was positively correlated with
fire severity and reduction of tree cover (Crawford and
others 2001; Hunter and others 2006). High-severity
burn patches were associated with establishment of
nonnative invasive species such as tansy ragwort and
common velvetgrass in closed-canopy forests in the
Northwest Coastal bioregion (Agee 1996a,b). Establish-
ment of prickly lettuce was greatest in high-severity
burn patches in forests of Yellowstone National
Park (Turner and others 1997) and ponderosa pine
forests in Idaho (Armour and others 1984). Much of
theliterature on burning of slash piles, which produces
high-severity patches in an otherwise unburned site,
indicates that ruderal species (native and nonnative)
establish readily in burned patches, but persistence
is variable (see Question 3 below).

Although several studies support the generalization
that severe fire leads to increased establishment and
spread of nonnative species, fire obviously has the
potential to consume all living tissue if it is severe
enough, and high fire severity has also been associ-
ated with decreases in nonnative species abundance.
For example, seed banking species may show lower
establishment in microsites that experience high tem-
peratures for long durations (for example, see Brooks
2002) (also see “Downward heat pulse effects on seed”
page 16). Similarly, sprouting species may have greater
mortality after high-severity fires (see “Downward
heat pulse effects on plant survival” page 14). Where
burning is severe enough to kill both sprouters and
seed bankers, postfire invasion depends on propagule
pressure from outside the burned area.

Question 3. Does Additional Disturbance
Favor Invasions?

Postfire establishment of nonnative species may
be exacerbated by other types of disturbance. This
is related to the observations that postfire species
composition is strongly related to prefire composi-
tion, and disturbance tends to increase nonnative
abundance in communities that are already severely
invaded (Harrison and others 2003). This section
first demonstrates that nonnative species are often
associated with nonfire disturbances, then examines
the evidence that fire exacerbates establishment and
spread of nonnatives—whether nonfire disturbances
occur before, during, or after fire. Postfire establish-
ment of nonnative species may also be enhanced in
areas subjected to postfire rehabilitation activities
(see chapter 14).
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The scientific literature is rich with examples of
relationships between site disturbance and nonna-
tive species richness and abundance. At regional or
landscape scales, richness and abundance of nonnative
invasive plants tend to be lower in protected or unde-
veloped areas than in human-dominated landscapes
or landscapes fragmented by human use (Barton and
others 2004; Ervin and others 2006; Forcella and Har-
vey 1983; Huenneke 1997; McKinney 2002; Pauchard
and Alaback 2004 ), although exceptions to this pattern
are noted in some locations (for example, Fornwalt
and others 2003; also see chapter 13). High nonnative
species abundance and richness often occur in areas of
high road density (for example, see Dark 2004), large
human populations, a history of human occupation,
and agricultural use of surrounding areas (Johnson
and others 2006; McKinney 2002; Moffat and others
2004). Regional variation in the number of nonnative
plant species is positively correlated with human
population density (R2 = 0.58, P = 0.01) (fig. 2-6). An
analysis of nonnative species richness using broad
geographic regions (the Geographic Area Command
Centers for fire management) shows a 10-fold differ-
ence in the number of nonnative species between the
South (1,981) and Alaska (193), with areas of highest
human population density (California, the South, and
the East) having the most nonnative species (data from
Kartesz and Meacham 1999).

At local scales, nonnative invasive species richness
and abundance are generally highest in and around
disturbed patches, corridors, and edges such as small
animal disturbances (for example, Larson 2003),
riparian corridors (for example, DeFerrariand Naiman

1994), and transportation corridors (roadsides, old
road beds, and/or trails) (Benninger-Truax and others
1992; Flory and Clay 2006; Frenkel 1970; Gelbard and
Belnap 2003; Gelbard and Harrison 2003; Harrison
and others 2002; Larson 2003; Parendes and Jones
2000; Parker and others 1993; Reed and others 1996;
Tyser and Worley 1992; Watkins and others 2003;
Weaver and others 1990). Forest edges typically have
higher nonnative plant abundance than forestinteriors
(Ambrose and Bratton 1990; Brothers and Spingarn
1992; Fraver 1994; Hunter and Mattice 2002; Ranney
and others 1981; Robertson and others 1994; Saunders
and others 1991; Williams 1993). Features common in
logged areas such as skid trails are also likely to sup-
port populations and propagules of nonnative plants
(Buckley and others 2003; Lundgren and others 2004;
Marsh and others 2005; Parendes and Jones 2000).
Similarly, areas with fuel treatments, including forest
thinning (chapter 13) (fig. 2-7), fuel breaks (Giessow
and Zedler 1996; Keeley 2006b; Merriam and others
2006), and firelines (for example, Benson and Kurth
1995; Sutherland, unpublished data 2008), often sup-
port higher abundance of nonnatives than nearby
untreated areas.

While there is concern regarding the effects of live-
stock grazing on changes in community composition
including effects on the abundance of nonnative plants,
relatively few quantitative studies are available on
this topic. In a review of the literature on disturbance
and biological invasions, D’Antonio and others (1999)
found that a majority of the available studies suggest
a correlation between livestock grazing and nonnative
species abundance. A small number of case studies from
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Figure 2-6—Relationship between number of nonnative species in various
regions of the United States and human population density. The three most
populous areas are labeled. The remaining areas are the Northern and
Central Rocky Mountains/plains, East and West Great Basin, Northwest,
Southwest, and Alaska (which has the lowest population density). Hawai'i
is not included. Regions used here are based on the national Geographic
Area Coordination Centers for managing wildland fire and other incidents
(information available at http://www.nifc.gov/fireinfo/geomap.html).
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Figure 2-7—Effects of fuel reduction treatment on a closed-canopy ponderosa
pine-Douglas-fir forest, western Montana. (A) Before treatment, understory is
comprised of sparse clumps of native grasses and limited spotted knapweed.
(B) Same photo point 3 years after thinning to reduce canopy fuels, followed
by prescribed fire. Spotted knapweed (forb with gray-green foliage) and flan-
nel mullein (forb with tall brown inflorescence) dominate understory. (Photo by
Mick Harrington.)

western North America suggests that grazing plays
an important role in the decrease of native perennial
grasses and an increase in dominance by nonnative
annual species; however, invasion has been found to
occur with and without grazing in some areas. While
it is difficult to discern the relative importance of graz-
ing, climate, and fire on nonnative plant abundance
(D’Antonio and others 1999), areas with a history of
livestock grazing often support a variety of nonnative
species, especially in areas where nonnatives have been
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introduced to increase forage value of
rangelands or pastures (see, for example,
chapters 7, 8).

When fire occurs in an area with a
large number of nonnative plants in and
around the burned area, one might expect
establishment and spread of nonnatives
within that burned area because (1) re-
sources become more available after fire,
and (2) nonnative propagules are avail-
able to establish and spread on that site.
Research demonstrating this pattern is
available from several areasin the central
and western United States. Nonnative
species abundance often increases, some-
times dramatically, in postfire plant com-
munities in southwestern ponderosa pine
forests with a history of anthropogenic
disturbance (for example, see Crawford
and others 2001; Griffis and others 2001).
This contrasts with postfire dominance
by native species and occurrence of very
few nonnative species in relatively undis-
turbed mixed conifer and ponderosa pine
communities at Grand Canyon National
Park, Arizona, and Bandelier National
Monument, New Mexico (Foxx 1996;
Huisinga and others 2005; Laughlin and
others 2004). This is likely due to lower
nonnative propagule pressure in less
disturbed landscapes. A seed bank study
conducted in northern Arizona ponderosa
pine communities representing “a histori-
cal land use disturbance gradient” found
that the soil seed bank on sites with high
and intermediate disturbance had many
nonnatives, while sites with low levels of
disturbance had only two nonnative spe-
cies in the seed bank: cheatgrass and an-
nual canarygrass (Phalaris canariensis)
(Korb and others 2005). In high elevation
Rocky Mountain lodgepole pine (Pinus
contorta var. latifolia) forests in West
Yellowstone, establishment and spread
of nonnatives in forests was significantly
enhanced along roadsides (where nonna-
tive species richness was highest) but not along the
edges of burns or clearcuts (Pauchard and Alaback
2006). Christensen and Muller (1975) also noted that
nonnative plants were most common after fire in heavily
disturbed parts of their California chaparral study area,
such as along roadsides. In tallgrass prairie, postfire
increases in nonnatives were greater in areas where
the landscape is fragmented and nonnative propagule
pressure is higher than in less fragmented areas with
fewer nonnatives (Smith and Knapp 2001).
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Fuel reduction efforts using fire may enhance the
invasibility of treated forests, although long-term stud-
ies are needed to determine if established nonnatives
will persist (Keeley 2006b, review) (also see chapter
13). Several studies have found that a combination of
thinning and burning resulted in greater abundance
of nonnatives than either thinning or burning alone in
ponderosa pine forests of Arizona (Fulé and others 2005;
Moore and others 2006; Wienk and others 2004) and
western Montana (Dodson and Fiedler 2006; Metlen
and Fiedler 2006). Similarly, cheatgrass, Japanese
brome, North Africa grass (Ventenata dubia), and
prickly lettuce were more strongly associated with
plots that were thinned and burned than plots that
were only burned or thinned in low-elevation forests of
northeastern Oregon (Youngblood and others 2006).

Fire suppression activities (including construction of
fire lines, temporary roads, fire camps, and helicopter
pads) may increase nonnative species in the postfire
environment by disturbing soil, dispersing propagules
(Backer and others 2004, review), and altering plant
nutrient availability (chapter 14). For example, follow-
ing wildfire in a mixed conifer forest in Glacier National
Park,nonnative species were more diverse in bulldozed
(23 species) than burned (5 species) or undisturbed
plots (3 species) (Benson and Kurth 1995). One year
after wildfire in dense ponderosa pine/Douglas-fir
forest in western Montana/northern Idaho, nonna-
tive species richness was 7 on bulldozed plots and 1.7
on adjacent burned and unburned plots (Sutherland,
unpublished data 2008). In an eastern Ontario alvar
woodland dominated by northern white-cedar (Thuja
occidentalis), many nonnative species were associated
exclusively with bulldozed tracks and did not occur
on sites that were undisturbed or burned within the
previous year (Catling and others 2002). Nonnatives
in areas disturbed during fire suppression may provide
propagules for spread into adjacent native communities
(see “Nonnative Propagule Pressure” page9). Although
no studies are available, there is concern that because
fire retardant supplies nitrogen and phosphorus to the
soil, the establishment and spread of invasive species
may increase in the nutrient-rich environment where
it is applied.

Livestock grazing before or after fire is another
disturbance that can influence nonnative species es-
tablishment, persistence, and spread. Interactions of
grazing with invasive species and fire, however, are
complex (Collins and others 1995, 1998; Fuhlendorfand
Engle 2004; Stohlgren and others 1999b), and studies
that incorporate all three topics are rare. Plant com-
munities that are in poor condition due to prolonged or
excessive grazing may be more susceptible to nonna-
tive plant invasions (chapters 7, 8, 9). Similarly, when
livestock grazing occurs soon after a fire, the potential
for animals to disperse nonnative propagules while
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possibly stressing desirable species must be considered.
On the other hand, grazing has occasionally been used
in conjunction with prescribed fire to reduce invasive
species (see “Treatments That Increase Effectiveness
of Prescribed Fire,” chapter 4).

Question 4. Do Invasions Become Less
Severe With Increasing Time After Fire?

Traits that allow nonnative species to exploit dis-
turbed sites may also make them dependent on dis-
turbance in some plant communities. As vegetation
recovers after fire, canopy coverincreases and sunlight
reaching the soil surface decreases. Nutrients and
soil moisture are taken up by the dominant vegeta-
tion. Nonnative species that are not adapted to these
new conditions are likely to decline. This pattern is
demonstrated to some extent in plant communities
where fires are infrequent and postfire communities
succeed to forest (for example, closed-canopy forests
in the Northwest, Southwest Coastal, and Interior
West bioregion) or shrubland (for example, chapar-
ral in the Southwest Coastal bioregion). However, it
is not consistent among all studies reviewed, and the
duration of most studies on postfire succession is too
short to demonstrate or refute this generalization.
This generalization is usually examined using chro-
nosequence studies, which assume that conditions on
a site are consistent through time. This assumption
is unlikely to hold true in regard to nonnative spe-
cies. The nonnative portion of a plant community is
unlikely to be constant in species or abundance over
many decades. For example, in 1959, there were fewer
than 800 nonnative species in California (Munz and
Keck 1959), but by 1999 there were 1,200 nonnative
species (Kartesz 1999). If most invasives establish
soon after disturbance, a plant community burned in
1959 in California would not have been exposed to the
same suite of species or the same degree of nonnative
propagule pressure as a plant community burned in
1999.

In coniferous forests of the Northwest Coastal bio-
region, information on postfire persistence of nonnative
species comes primarily from studies on the effects of
timber harvest and associated slash burning. Ruderal
herbs, mostly native but including some nonnatives,
are the dominant vegetation during the first few
years after slash burning. Nonnative species in this
group include woodland groundsel, tansy ragwort,
bull thistle, Canada thistle, St. Johnswort, and wild
lettuces. Non-ruderal native species typically regain
dominance within about 4 to 5 years after slash burn-
ing (chapter 10). A wildfire chronosequence from this
bioregion supports this pattern for woodland groundsel
and wall-lettuce (Mycelis muralis). These two species
dominated the herb layer 3 years after fire and are
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not mentioned in any other postfire year by this study,
which covered stands 1 to 515 years after fire (Agee and
Huff 1987). Conversely, St. Johnswort was present in
mature (80 to 95 years old) and old growth (200 to 730
years old) stands in Oregon and California (Ruggiero
and others 1991), indicating that it can establish and
persistin closed-canopy forests. Woody nonnatives such
as Scotch broom and Himalayan blackberry typically
invade disturbed forests and sometimes form dense
thickets. While these species are not shade-tolerant,
and therefore may not persist after canopy closure, they
may prevent or delay reforestation (chapter 10).
Inclosed-canopy forests of the Interior West bioregion
thathaveburned, postfire invasion of nonnative species
is not well studied or well documented, although two
studies provide some support for this generalization,
and a third demonstrates this pattern in ponderosa
pine forest. Doyle and others (1998) observed an initial
increase in Canada thistle abundance followed by a
steady decline after fire in a mixed conifer forest in
Grand Teton National Park. Turner and others (1997)
document prickly lettuce densities of around 100 stems/
ha 3 years after fire in Yellowstone National Park,
followed by a 50 percent decrease in density by the
fifth postfire year; however, Canada thistle density
increased from 2 to 5 years after fire. Similarly, in
ponderosa pine forest in western Montana, prickly
lettuce reached nearly 4 percent average cover the
second year after stand-replacing fire (fig. 2-8) but
declined substantially in the next 2 years to near
preburn levels (Sutherland, unpublished data 2008).

Stands of chaparral and coastal scrub with intact
canopies are relatively resistant to invasion by non-
native plants, and postfire succession by resprout-
ing dominants follows a relatively predictable but
highly dynamic pattern in these communities when
fire-return intervals occur within the range of 20 to
50 years (chapter 9; Keeley and Keeley 1981; Keeley
and others 2005). Herbaceous species, including some
nonnatives, dominate in the first few years after fire,
then gradually diminish as succession proceeds, shrub
cover increases, and the canopy closes (for example,
Guo 2001; Horton and Kraebel 1955; Keeley and oth-
ers 1981, 2005; Klinger and others 2006a). However,
when fire intervals decline to 15 years or less, shrub
dominance declines, and nonnative annual grasses
and forbs are more likely to dominate and initiate a
grass/fire cycle in which it is extremely difficult for
woody and herbaceous native species to establish and
regenerate (chapter 9).

Resprouting dominants in mountain shrub communi-
ties of Mesa Verde National Park reduce invasibility.
Dominants in these communities include Gambel oak
(Quercus gambelii) and Utah serviceberry (Amelanch-
ier utahensis), which sprout rapidly after fire, appar-
ently utilizing available resources so efficiently that
nonnative species have limited opportunity to become
established. Dominants in adjacent pifion-juniper
communities donot resprout; consequently, these com-
munities recover their prefire structure slowly, which
provides open conditions favoring nonnative species
after fire. Eight and 13 years after fire in Mesa Verde
National Park, mountain shrub commu-
nities were less invaded than adjacent
pifion-juniper communities, based on
density and species richness measures
(Floyd and others 2006); comparisons
to unburned sites were not provided.

Research on nonnative species in
pifion-juniper woodlands is not clear in
regard to this generalization. A study
of six fires over 15 years indicates that
musk thistle, Canada thistle, and cheat-
grass have persisted for atleast 13 years
after wildfire in pifion-juniper commu-
nities in Mesa Verde National Park.
Conversely, prickly lettuce and prickly
Russian-thistle (Salsola tragus) were
common 3 years after fire but were not
recorded 8 and 13 years after fire (Floyd
and others 2006). Chronosequence stud-
ies from pinon-juniper woodlands in
Mesa Verde, Colorado (Erdman 1970),
Nevada and California (Koniak 1985),

Figure 2-8—Dense prickly lettuce establishment the second year after stand-
replacing fire in ponderosa pine forest in western Montana. Red-stemmed plants
are native fireweed (Chamerion angustifolium). (Photo by Steve Sutherland.)
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and west-central Utah (Barney and Frischknecht 1974)
suggest that nonnative annuals are most abundant in
early postfire years and decline in later successional
stages.

Eveniflong-term research eventually demonstrates
that nonnative invasive species decline during succes-
sion as native species increase and a closed canopy
develops, one cannot assume that the invasives have
disappeared from the site. Seeds of many nonnative
invasives can remain viable in the soil seed bank for
many years or decades, and nonnative perennials may
persist in suppressed, nonflowering form at low den-
sities under closed canopies. Another fire is likely to
again produce conditions favoring their development
and dominance, but the long-term successional out-
come may be different. Many factors, such as reduced
abundance and vigor of native species, different postfire
precipitation patterns, or presence of additional nonna-
tive species, could alter successional trends and make
it more difficult for native species to regain dominance.
Unfortunately, research on the influence of multiple
burns is lacking for most nonnative invasive species
(chapter 12).

Question 5. Do Invasions Increase With
Disruption of the Presettlement Fire
Regime?

If ecological processes that have shaped a plant
community are altered, the vigor and abundance of
native plants may decline, theoretically making the
community more invasible. Application of this concept
to fire regimes leads to the generalization that disrup-
tion of a plant community’s fire regime increases its
invasibility (Huenneke 1997). This generalization
may apply to changes in any aspect of the fire regime,
but the primary aspects treated in the literature to
date are fire severity and fire frequency. Examples
include ecosystems where fire exclusion or, conversely,
increased fire frequency have stressed native species
adapted to fire regimes of different frequencies and
severities. Fire exclusion from grasslands, for example,
may stress native species adapted to frequent fire and
favor nonnative species that are intolerant of frequent
fire. Exclusion of fire from open-canopy forests, on the
other hand, has led to increased surface and ladder
fuels and subsequent increases in fire severity in some
areas, when the forests eventually burn. Native plant
communities arelikely to be adversely impacted by fire
under these fuel conditions, sononnative species may be
favored in the postfire environment. Ecosystems where
fire frequency hasincreased, either due to increases in
anthropogenic ignitions or changes in fuel structure
brought about by invasive species themselves, also
support this generalization (chapter 3).
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Fire exclusion from grasslands and savannas adapted
tofrequent fires may favor nonnative invasive grasses,
forbs, or woody species. Tallgrass prairie ecosystems,
for example, tend to support more nonnative grasses
and forbs under a regime of infrequent fire than
with frequent burning (chapter 7). Many ecosystems
are invaded by woody plants when fire is excluded:
honeysuckles, buckthorns (Rhamnus cathartica and
Frangula alnus) and barberries (Berberis spp.) occur
in oak savannas of the Northeast and Central biore-
gions (chapters 5 and 7); melaleuca, Chinese tallow,
Brazilian pepper and chinaberryinvade wet grasslands
of the Southeast bioregion (chapter 6); Chinese tallow
increasesin southerntallgrass prairie (chapter 7); and
brooms and gorse may spread in oak savannas and
grasslands in the Northwest and Southwest Coastal
bioregions (chapters 9 and 10). Most of these woody
invasives are fire-tolerant and continue to reproduce
and thrive even after fire is reintroduced. In some
cases, they shade herbaceous species, reducing the
cover and continuity of fine fuels such that they are
difficult toburn. Chinese tallow, Brazilian peppertree,
and common buckthorn are examples of invasive spe-
cies for which this pattern has been suggested.

In open-canopy forests, such as ponderosa pine forests
in the Interior West bioregion, fire exclusion has led
to changes in structure, species composition, and fuel
accumulation such that, when wildfire occurs, it maybe
more severe than was common in presettlement times.
Several nonnative forbs and grasses increase after fire
in these successionally altered plant communities.
Canada thistle, bull thistle, and knapweeds are the
most frequently recorded nonnative forbs during the
early postfire years (Cooper and Jean 2001; Crawford
and others 2001; Griffis and others 2001; Phillips and
Crisp 2001; Sackett and Haase 1998; Sieg and others
2003). This is in contrast to conifer forests where fire
intervals and fire severity have not increased substan-
tially (Foxx 1996; Huisinga and others 2005; Laughlin
and others 2004). For example, few nonnative species
were present at any site (burned or unburned) after
a low-severity fire in remote ponderosa pine forests
on the North Rim of Grand Canyon National Park,
Arizona, where fire regimes have not been disrupted,
grazing hasbeen minimal, and logginghas not occurred
(Laughlin and others 2004).

Interactions between fire exclusion and grazing have
influenced invasion of pifion-juniper woodlands and
sagebrush grasslands by nonnative species. At many
contemporary pifion-juniper sites, perennial grass
cover has declined and tree cover has increased fol-
lowing decades of livestock grazing and fire exclusion
(for example, Laycock 1991; Ott and others 2001). In
sagebrush grasslands, livestock grazing has reduced
native grasses while fire exclusion has allowed trees,
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especially juniper, to spread (M. Miller, personal com-
munication 2007). As pifion-juniper stands increase in
density and approach crown closure, native herbaceous
cover (Tausch and West 1995), seed production, and
seed bank density decline (Everett and Sharrow 1983;
Koniak and Everett 1982). Nonnative species, espe-
cially cheatgrass, are typically present in and around
these sites and are likely to establish and dominate
early successional stages after fire under these condi-
tions. Dominance of cheatgrass, in turn, may lead to
increases in fire size and frequency, thus initiating
an annual grass/fire cycle (chapter 3). Successional
trajectories in pifion-juniper stands are further com-
plicated by recent widespread tree mortality caused
by extended, severe drought interacting with insects,
root fungi, and pifion dwarf mistletoe (Arceuthobium
divericatum) (Breshears and others 2005; Shaw and
others 2005) (see chapter 8 for more information).

In some ecosystems, fire frequency has increased
and favors nonnative species. These increases may be
due toincreases in anthropogenicignitions or changes
in fuel structure brought about by the invasive spe-
cies themselves. The latter case is best exemplified
by invasions of nonnative grasses in Hawai'i and in
southwestern and Great Basin desert shrublands
and the resulting grass/fire cycle (chapter 3). An ex-
ample of invasive species’ response to increased fire
frequency due to anthropogenic ignitions is found
in Fort Lewis, Washington, on a 2,500 to 3,000 acre
(1,000 to 1,200 ha) area called Artillery Prairie. Here
broadcast burns ignited by artillery fire have occurred
nearly annually for about 50 years, resulting in a plant
community dominated by nonnative forbs and annual
grasses. The natural fire cycle is less frequent, and a
prescribed fire regime of burning every 3 to 5 years
maintains native prairies and oak woodlands (Tveten
and Fonda 1999).

Question 6. Are Postfire Invasions Less
Common in High Elevation Ecosystems?

Several studies indicate a negative correlation
between elevation and nonnative species richness
or abundance; this pattern has been observed in Cali-
fornia (Dark 2004; Frenkel 1970; Randall and others
1998; Keeley and others 2003), the northern Rocky
Mountains (Forcella and Harvey 1983; Sutherland,
unpublished data 2008; Weaver and others 1990), and
the Southwest (Bashkin and others 2003; Fisher and
Fulé 2004). Only a few of these studies relate to fire,
and no research has illuminated the reasons for these
correlations. Here we discuss possible explanations for
and management implications of this generalization.

Invasive species richness may decline with increas-
ing elevation because fewer species (native as well
as nonnative) thrive in the shorter growing seasons,
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cooler temperatures, and generally more stressful
environment of subalpine and alpine ecosystems than
at lower elevations. Fire would further limit the num-
ber of invasives to species that can survive a burn or
disperse into burned sites.

Nonnative species that can persist at high eleva-
tions may show relatively low abundance because,
like native species, they grow and spread more slowly
in severe conditions. This factor suggests that, while
high-elevation ecosystems may currently be less
invaded than lower-elevation sites, they have no in-
trinsic immunity to invasion and could be impacted as
severely as any other community type in time. Insofar
as fire increases resource availability and mineral
soil exposure and reduces native species dominance
and vigor, it could accelerate invasions; however, the
ruderal species most favored in recent burns are un-
likely to persistin high-elevation environments, which
favor slow-growing, perennial species with persistent
underground structures.

Another explanation for lowerinvasionlevels athigh
elevationsis that human-caused disturbance is gener-
allyless and propagules are less likely tobe introduced
inlarge numbersin high-elevation ecosystems (Klinger
and others 2006b). This is supported by observations
that, with increased disturbance such as roads and
clearcuts, nonnative species occurrence extended to
higher elevations (Forcella and Harvey 1983; Weaver
and others 1990). Thus increases in accessibility, use,
and mechanical disturbance of high-elevation plant
communities—including activities related to fire
management or fire suppression—have potential to
increase propagule pressure from nonnative invasive
species and invasibility of these sites.

Climate change, expressed at high elevations by lon-
ger growing seasons and milder temperature regimes,
is likely to simultaneously increase stress on native
plants and favor more nonnative invasive species. Fire
frequency may increase at high (as at low) elevations,
occurring at intervals shorter than the regeneration
time for some native plants and creating more disturbed
sites for establishment of nonnatives. See “Changing
Atmosphere and Climate” page 29.

Conclusions

Generalizations that explain patterns across a wide
range of systems are elusive in invasion ecology in
general (for example, see review by Rejmanek and
others 2005), a principle that certainly applies to fire.
Nonnative invasive species show some patternsin their
responses to wildland fire. The generalization that fire
favors nonnatives over natives is supported by the
literature for some nonnative species in some plant
communities under some conditions. Postfire invasions
can be intense and lead to severe impacts on native
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communities, sovigilanceis warranted. However, inva-
sions also vary with numerous site and climatic factors,
depend on the nonnative propagules within and near
the burn, and can be short-lived. Information about
fire effects on specific plant communities with specific
invasive species is the best knowledge base for making
management decisions. Second best is knowledge of
nonnative species in similar environments. The more
conditions in the area of concern diverge from condi-
tions in published research or other known areas, the
less reliable predictions will be.

Examination of the literature provides insights
regarding other common assumptions about fire and
nonnative species:

e Nonnative species establishment increases
with increasing fire severity. This pattern
depends on fire resistance of onsite species,
propagule pressure, and the uniformity and
size of high-severity burn patches.

e Additional disturbance favors invasions in
most circumstances, though the influence of
grazing-fire interactions on nonnative species
are complex and may not follow this pattern
consistently.

e Invasions become less severe with increasing
time since fire in some plant communities,
particularly where ruderal species invade
closed-canopy forests and chaparral after
fire. However, there are few long-term stud-
ies investigating this pattern and there are
many exceptions. Without local, long-term
knowledge, this generalization may not be
reliable as a predictive tool.

e Invasionsincrease in some plant communities
with disrupted fire regimes, whether the dis-
ruption relates to fire regime characteristics
that increase or decrease relative to baseline
conditions. Communities that have developed
aninvasive grass/fire cycle support this gener-
alization (chapter 3), as do native grasslands
from which fire has been excluded (chapter 6,
7, 8, 10). However, a “disrupted fire regime”
may be too complex an ecological property to
use as a predictive tool. Specific stresses on the
native plant community arising from disrupted
fire regimes may be more helpful.

e Postfire invasion is currently less likely to
occur and persist in high-elevation than low-
elevation ecosystems, but elevation per se
does not provide the only explanation for this
pattern. Differences in human-caused distur-
bance, resource availability, and propagule
pressure should also be considered; where
theseinfluences areincreasing, high-elevation
ecosystems are likely to become more vulner-
able to postfire invasions.
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It is important to keep in mind that exceptions to
these patterns are common. Our knowledge about fire
and nonnative plants is not extensive enough in space
and time for use in widely applicable predictive tools.
Site-specific knowledge is essential for management
to successfully meet objectives.

Variation

There are many reasons for variation in nonnative
species’responses to fire. The invasive potential of non-
native species varies throughout their range (Klinger
and others 2006a). For the majority of nonnative plants
in the United States, the distribution of the species
is much larger than the states that have declared it a
noxious species (Kartesz 1999). Fire itself also varies
tremendously in severity, size, spatial complexity,
frequency, and seasonality. Finally, invasibility of
a community is also influenced by site history, the
condition of native plant populations, and postfire
precipitation patterns, so postfire spread of nonnatives
may be inconsistent even within a plant community.

Site-specific knowledge about fire effects on nonna-
tive plants depends to some extent on the monitoring
techniques used and the length of time monitored
(chapter 15). Data collected only within the first 2 or
3 postfire years usually cannot be used to project long-
term patterns; this is particularly true of forests and
woodlands where tree regeneration occurs over many
decades, changing stand structure and the availability
of resources. Research has not been particularly help-
ful with this problem. Despite the need for long-term
studies, 70 percent of recent literature reviews cover-
ing fire effects on nonnative invasive species in the
Fire Effects Information System contain no postfire
response information beyond the first 2 postfire years
(chapter 12).

Changing Atmosphere and Climate

Our understanding of the responses of nonnative
species to fire is based on the premise that the com-
munity of native species occurring on a site has been
shaped by natural selection to be well suited tolocal site
conditions and climate. Confidence in the robustness of
the native community is part of the rationale for using
“natural” conditions as a baseline for management. Past
conditions are useful as a reference for desired future
conditions, not because of a hope to return to the past,
but because past conditions capture a range of vari-
ability that was sustained over long periods (Klinger
and others 2006a). This rationale may not apply in a
world where the climate is changing substantially from
historic patterns, as is currently occurring. Earth’s air
and oceans are warming to levels not seen in the past
1,300 years, possibly in the past 10,000 years. Accord-
ing to the International Panel on Climate Change, this
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warming is now unequivocal and could continue for
centuries. Global climate change is expressed in many
areas as earlier snowmelt, longer warm seasons, and
changes in extreme weather; however, these effects
vary geographically, and some areas are likely to be
colder or more moist than in past centuries (Alley and
others 2007). In the Western United States, climate
change appears tobe contributing tolonger fire seasons
and more frequent, more extensive fires (McKenzie
and others 2004; Westerling and others 2006), which
may increase the vulnerability of many ecosystems to
invasion and spread of nonnative plants.

An example of potential impact of climate change is
the die-off of pifion over 4,600 square miles (12,000 km2)
in the southwestern United States. On an intensively
studied site in northern New Mexico, Breshears and
others (2005) found that greater than 90 percent of
the dominant overstory tree, Colorado pifion (Pinus
edulis), and greater than 50 percent of the dominant
understory herb, blue grama (Bouteloua gracilis), died
after a 4-year drought with unusually high tempera-
tures. These results were supported by four regional
studies in Arizona, Colorado, New Mexico, and Utah,
reporting pifion die-off ranging from 40 to 80 percent.
Not only is the die-off a major ecosystem disturbance
inits own right, but also the increase in dead fuel load-
ing increases wildfire hazard in this area. Although
the study does not address invasives, the disturbance
resulting from die-off and the possibility of subsequent
high-severity wildfires may increase this area’s suscep-
tibility to invasion and spread of nonnative species.

Increased atmospheric carbon dioxide alters not
only climate but also plant properties and the balance
between species (Huenneke 1997). Laboratory research
on cheatgrass biology demonstrates changes in plant
properties. Cheatgrass grown at carbon dioxide levels
representative of current conditions matures more
quickly, produces more seed and greater biomass, and
produces significantly more heat per unit biomass
when burned (associated with reduced mineral and
lignin concentrations) than cheatgrass grown at “pre-
industrial” carbon dioxide levels (fig. 2-9). These responses
to increasing carbon dioxide may have increased flam-
mability in cheatgrass communities during the past
century (Blank and others 2006; Ziska and others
2005). Research on cheatgrass has not addressed the
possibility that native species biomass has increased
along with that of cheatgrass in response to increasing
carbon dioxide, but a study in the Mojave Desert has
addressed that possibility in regard to red brome, an-
other nonnative annual grass. In an environment with
elevated carbon dioxide, red brome density increased
while density of four native annuals decreased. Red
brome showed greater increases in biomass and seed
production inresponse to elevated carbon dioxide than
did the four native species (Smith and others 2000). At
the community level, nonnative species that respond
favorably to increased carbon dioxide may thrive at
the expense of native species with lower nutrient re-
quirements; this changein the balance between species
favors many fast-growing plants, including nonnative
invasives (Huenneke 1997).
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Figure 2-9—Average weight of cheatgrass seedlings grown for 87 days under
varying concentrations of carbon dioxide. Carbon dioxide level was a significant
predictor of leaf weight, root weight, and total vegetative biomass. In addition,
increasing CO, reduced the time from germination to flowering. (Graphed from

data in Ziska and others 2005, table 1.)
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Increased carbon dioxide is not the only atmospheric
change affecting wildland ecosystems and, potentially,
fire regimes. Nitrogen deposited from air pollution can
increase available soil nitrogen (for example, see Baez
and others 2007; Padgett and others 1999), altering the
relative abundance of native and nonnative species. Inthe
Mojave Desert, artificial nitrogen addition significantly
increased the density and biomass of nonnative annual
herbs and, in 1 of 2 years, significantly reduced the den-
sity and biomass of native species. Increased biomass is
likely toincreasefire frequency on these desert sites (Brooks
2003). In more mesic areas, greater depletion of surface
soil moisture by invading C5 grasses may favor deep-
rooted shrubs, and the increase in nitrogen fixation
that occurs with the increased metabolic activity
triggered by increased carbon dioxide could favor
leguminous shrubs (Dukes 2000).

Not all nonnative species will benefit more than na-
tive species from atmospheric changes (Dukes 2000).
However, the dispersal capability of many nonnatives,
plus their rapid growth in disturbed areas, makes
them well suited to the conditions accompanying
climate change. Climate change will be expressed as
local changes in growing conditions and fire regimes,
which mayinteract synergistically toincreaseinvasions
(Barrett 2000). Local knowledge regarding nonnative
invasive species, monitoring, and adaptive use of the
knowledge gained will be increasingly important for
successful management.

Management in a Changing World

The relationships between nonnative invasive spe-
cies and fire described here are based on information
from the past century or two, and they hold true only
to the extent that conditions that shaped this rela-
tionship continue. Management of wildlands must be
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based on current conditions and likely future condi-
tions (Klinger and others 2006a). How can managers
prepare and respond? A decision framework such as
that presented by Pyke and others (in review) can be
a useful tool. To use a decision framework or model
effectively, knowledge about local patterns of invasion,
problematic nonnative species, and highly invasible
sites is critical. This information should be readily
available to fire managers and postfire rehabilita-
tion specialists. Communication between local fire
managers and local botanists is important. Careful
monitoring of burned areas is crucial, and the moni-
toring must extend over decades rather than years.
Knowledge gained from monitoring prescribed burns
may be helpful for projecting effects of wildfires, al-
though wildfires are likely to be larger, more severe,
and occur in a different season than prescribed fires.

Prevention and early eradication are daunting tasks.
The number of native species within a particular plant
community on a specific site is finite, whereas the
number of species from around the world that could
potentially grow on the site may be greater by orders
of magnitude (Randall and others 1998; Williamson
1993). Prevention of invasion is always the best strat-
egy, since control and eradication are costly and may
never be complete (Klinger and others 2006a). Even if
anonnative species is eradicated, any invasion leaves
a legacy of subtle alterations in the site and gene pool
of the remaining species.

Control of invasives already present on a burn,
combined with early detection and treatment of new
invasives and regular monitoring after treatment
will be essential for preventing dominance of postfire
habitats by nonnative invasive species. And continued
research is needed, especially long-term studies ad-
dressing effects of various fire severities, frequencies,
intervals, and seasons.
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Matthew L. Brooks

Chapter 3:

Plant Invasions and Fire Regimes

The alteration of fire regimes is one of the most
significant ways that plant invasions can affect eco-
systems (Brooks and others 2004; D’Antonio 2000;
D’Antonio and Vitousek 1992; Vitousek 1990). The
suites of changes that can accompany an invasion
include both direct effects of invaders on native plants
through competitive interference, and indirect effects
on all taxa through changes in habitat characteristics,
biogeochemical cycles, and disturbance regimes. Ef-
fects can be far-reaching as they cascade up to higher
trophiclevels within an ecosystem (Brooks and others
2004; Mack and D’Antonio 1998).

Directinterference ofinvaders with native plants can
be mitigated by removing or controlling the invading
species. In contrast, when invaders cause changes in
fundamental ecosystem processes, such as disturbance
regimes, the effects can persist long after the invad-
ing species are removed. Restoration of native plant
communities and their associated disturbance regimes
may be necessary to restore pre-invasion landscape
conditions. In this chapter, I describe ways in which
invasions by nonnative plant species can change fuel
conditions and fire regimes, and discuss what can be
done to prevent or mitigate these effects.
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Fire Behavior and Fire Regimes

Fire behavior is described by the rate of spread,
residence time, flame length, and flame depth of an
individual fire (chapter 1). This behavior is affected by
fuel, weather, and topographic conditions at the time
of burning. Individual fires can have significant short-
term effects, such as stand-level mortality of vegetation.
However, it is the cumulative effects of multiple fires
over time that largely influence ecosystem structure
and processes. The characteristic pattern of repeated
burning over large areas and long periods of time is
referred to as the fire regime.

A fire regime is specifically defined by a character-
istic type (ground, surface, or crown fire), frequency
(for example, return interval), intensity (heat release),
severity (effects on soils and/or vegetation), size,
spatial complexity, and seasonality of fire within a
given geographic area or vegetation type (Sugihara
and others 2006b; chapter 1). Fire regimes can be
described quantitatively by a range of values that
are typically called the “natural range of variation”
or “historical range of variation.” The term “natural”
requires a value judgment that can be interpreted in
many different ways, and the term “historical” requires
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a temporal context that is often poorly understood, as
does the term “presettlement” (chapter 1). Any of these
concepts may be inappropriate as a reference set for
management decisions if conditions have changed so
much that the landscape cannot support a fire regime
thatiseither natural or historical. The term “reference
fire regime” is used in this chapter to describe a range
of fire regime conditions under which native species
have probably evolved, or which are likely to achieve
specific management objectives such as maximizing
native species diversity and sustainability. Current
patternsoffire regime characteristics can be objectively
compared to reference conditions, and shifts outside of
the reference range of variation can be used to identify
“altered” fire regimes.

Biological and Physical Factors that Affect
Fire Regimes

Fireregimes areinfluenced by topographic patterns,
climatic conditions, ignition sources, and fuels (fig. 3-1).
Topographic factors are extremely stable at the scale

Ignitions

natural, anthropogenic \/

of thousands to millions of years. Climate factors are
relatively stable at the scale of hundreds to thousand
of years, although rapid changes have occurred dur-
ing the 1900s due to anthropogenic influences on the
atmosphere (Houghton and others 1990). Ignition
rates from natural sources such as lightning are re-
lated to climate and have a similar degree of stability.
However, ignition rates from anthropogenic sources
are related to human population levels, which can
increase dramatically at the scale of tens to hundreds
of years. In contrast, fuels are created by vegetation,
which can change over a period of days to weeks due
to land cover conversion to agriculture, some other
human use, or other disturbance. Vegetation can also
be changed over a period of years to decades due to
plant invasions that can displace native vegetation
and change fuel properties. Thus, alterations in an-
thropogenic ignitions and vegetation characteristics
are the two primary ways in which fire regimes can
change rapidly. In this chapter, I focus on fire regime
changes due to vegetation changes caused by plant
invasions.

Physical Variables
climate, topography  —

Fire Regime
Type, Intensity,
Frequency, Severity,
Extent, Pattern,
Seasonality

f

Fuels
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A

Figure 3-1—Biological and physical factors influencing fire regimes.
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Effects of Plant Invasions
on Fuels

Fuels can be classified into layers based on their
vertical arrangement on the landscape. The fuel lay-
ers typically used to describe fire spread are ground,
surface, and canopy fuels (chapter 1). Since plant
invasions are less likely to alter ground fuels (organic
duff and peat layers) in most ecosystems, surface and
canopy fuels are emphasized in this chapter.

Surface fuels are typically dominated by litter plus
herbaceous plants and shrubs, comprised mostly of fine
(1-hour timelag: <0.25inch (<0.6cm)) and medium-size
(10-hour timelag: 0.25 to 1 inch (0.6 to 2.5cm)) fuels
(Deeming and others 1977). In forested ecosystems,
coarse (100-hour timelag: 1 to 3 inches (2.5 to 7.5 cm))
and larger diameter surface fuels may also be plenti-
ful. Horizontal continuity of surface fuels is generally
high in productive ecosystems such as riparian zones
but may be very low in low-productivity ecosystems
such as desert uplands (fig. 3-2).

Figure 3-2—(A) High horizontal fuel continuity
created by the nonnative grasses ripgut brome
(Bromus diandrus) and cheatgrass (Bromus
rubens)inasouthwesternriparian ecosystem. (B)
Low horizontal fuel continuity in a native Mojave
Desertshrubland. (Photos by Matt Brooks, USGS,
Western Ecological Research Center.)
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Canopy fuels include fine to very coarse fuels, have
low to high horizontal continuity, and have relatively
lowignitability. The vertical spread of fire from surface
to canopy fuels often requires ladder fuels that provide
vertical continuity between strata, thereby allowing
fire to carry from surface fuels into the crowns of trees
or shrubs (fig. 3-3). Ladder fuels help initiate crown
fires and contribute to their spread (National Wildfire
Coordinating Group 1996). They may consist of vines
or be comprised of the tallest surface fuels and the
shortest canopy fuels at a given site.

In addition to fuel particle size and the horizontal
and vertical distribution of fuel layers, other extrinsic
fuel properties related to the way fuels are arranged
on the landscape can influence fire behavior (fig. 3-1;
table 3-1). The amount of fuel, or fuel load, primarily
affects the intensity of fires. The fuel bed bulk density,
or amount of fuel per unit volume of space, affects the
rate of combustion, which influences the frequency,
intensity, and seasonal burning window of fires.
These properties also affect residence time and the
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Figure 3-3—High vertical continuity
(ladder fuels) created by the nonnative
giant reed (Arundo donax) in a southern
California riparian woodland. (Photo by
Tom Dudley, UC Santa Barbara.)

Table 3-1—Primary effects of fuelbed changes on potential fire regimes.?

Fuelbed change

Fire regime change

Increased amount (load)

Increased fire intensity and seasonal burn window; in-

creased likelihood of crown fire; increased fire severity

Decreased amount (load)

Decreased fire intensity and seasonal burn window;

decreased likelihood of crown fire; decreased fire severity

Increased horizontal continuity

Increased fire frequency and size, increased spatial

homogeneity

Decreased horizontal continuity

Decreased fire frequency and size, decreased spatial

homogeneity

Increased vertical continuity

Increased fire intensity and likelihood of crown fire, which

could increase size and spatial homogeneity

Decreased vertical continuity

Decreased fire intensity and likelihood of crown fire,

which could reduce size and homogeneity

Change in bulk density

Change in fire frequency, intensity, and seasonality;

change in fire severity

Increased plant tissue flammability

Increased fire frequency, intensity, and seasonal burn

window; possible increase in fire frequency or severity

Decreased plant tissue flammability

Decreased fire frequency, intensity, and seasonal burn-

window; possible decrease in fire frequency or severity

@ Modified from Brooks and others (2004) table 1.

duration of smoldering combustion, which influence
fire severity. Intrinsic fuel properties such as plant
tissue flammability, influenced by moisture content
or chemical composition (for example, the presence of
salts or volatile oils), also affect fire behavior.
Nonnative plants can alter fuelbeds directly, based
on their own extrinsic and intrinsic properties as
fuels, or indirectly by altering the abundance and
arrangement of native plant fuels. If fuelbed char-
acteristics are changed to the extent that fire type,
frequency, intensity, severity, size, spatial complexity,
or seasonality is altered, then the invasive plant has
altered the fire regime. Plant invasions that alter fire
regimes typically do so by altering more than one fuel
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or fire regime property (Brooks and others 2004). For
example, grass invasions into shrublands increase
horizontal fuel continuity and create a fuel bed bulk
density more conducive to the ignition and spread
of fire, thereby increasing fire frequency, size, and
spatial homogeneity (in other words, completeness of
burning). At the same time, the replacement of shrubs
with grasses generally decreases the total fuel load,
resulting in less heat release and decreased fire resi-
dence time and possibly reduced fire severity on the
new, grass-dominated fuelbed. Reduced severity allows
nonnative annual grasses to recover quickly following
fire and establish fuel and fire regime conditions that
could persist indefinitely.

USDA Forest Service Gen. Tech. Rep. RMRS-GTR-42-vol. 6. 2008



The Invasive Plant Fire Regime Cycle

A conceptual model was recently developed describ-
ing the four general phases that lead to a shift in
fuelbed composition from native to nonnative species,
culminating in a self-sustaining invasive plant/fire
regime cycle in which nonnatives dominate (Brooks
and others 2004) (fig. 3-4). This process begins with
Phase 1, before nonnative species disperse into and
establish in the region of interest. Potential invader
propagules are located in adjacent geographic areas or
associated with potential vectors of spread (for example,
contaminants of hay mulch or seeding mixes) and are
poised to disperse into the region. The significance of
this phase is that management can be focused solely
on the prevention of propagule dispersal and the early
detection and eradication of individuals or groups of
individuals before populations can become established.
Phase 2 is characterized by the (1) establishment,
(2) persistence, and (3) spread of a nonnative species
(chapter 1). This requires that the species overcome
local environmental and reproductive barriers, for
example, the absence of an appropriate pollinator.
Initial populations typically establish and persist in
areas with substantial anthropogenic disturbances,

such as urban, agricultural, or roadside sites. Phase
3 is marked by the emergence of substantial negative
ecosystem effects, or “ecological harm” as described in
chapter 1; examples include reduction of native species
abundance and diversity and deterioration of habitat
for native animal species (Mack and D’Antonio 1998). In
Phase4,thenegative effects of the nonnatives on native
plants, and the presence ofthe nonnatives themselves,
combine to alter fuel properties sufficiently to shift at
least one characteristic of the subsequent fire regime
outside of the reference range of variation. If the new
fire regime favors the dominance of the invasive species
causing the new fuel conditions and negatively affects
the native species, an invasive plant/fire regime cycle
becomes established (fig. 3-5).

The establishment of an invasive plant/fire regime
cycle is of concern to land managers for two primary
reasons. First, it may alter fuels and fire regimes in
ways that impact human health, safety, or economic
well-being. For example, invasions may increase
“hazardous fuels,” increasing the potential for fire-
caused damage to human life, property, or economic
commodities, particularly in wildland/urban interface
areas. The second major concern for land manag-
ers, and the one most pertinent to management of

Phases Leading to the
Invasive Plant/Fire Regime Cycle

Phase 1
Plant species is not yet
present in the region of
interest, but propagules
are poised to invade

A 4
Phase 2
Invasive species is
present but not causing
significant ecological
effects

Phase 3
Invasive species has
significant ecological

effects other than
affecting the fire regime

v

Phase 4
Fire regime is altered
and an invasive
plant/fire regime cycle is
established

Figure 3-4—Phases leading to the establishment of an invasive plant/fire regime

cycle,modified from Brooks and others (2004).
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Figure 3-5—The invasive plant/fire regime cycle. Modified from
Brooks and others (2004).

wildlands, is that altered fire regimes may have sub-
stantial negative effects on native plant and animal
populations and ecosystems. The invasive plant/fire
regime cycle may increase fuels or increase the rate
of fuel replenishment after fire, leading to increased
fire intensity or frequency; or it may reduce fuels in
ways that suppress the spread of fire in ecosystems
wherefireis desirable. Disturbance regimes are strong
forces driving the evolution of species, and the shifting
of fire regime variables outside the range of variation
to which they are adapted can tip the balance in plant
communities toward new suites of dominant species.
The resulting changes in vegetation may affect higher
trophiclevels. For example, cheatgrass (Bromus tecto-
rum)and medusahead (Taeniatherum caput-medusae)
now dominate 25 to 50 percent of sagebrush steppe in
the Great Basin (West 2000), reducing habitat for the
greater sage-grouse (Centrocercus urophasianus), a
species experiencing declining population levels (Sands
and others 2000). This change in vegetation has also
reduced black-tailed jackrabbit (Lepus californicus)
populations, which in turn has decreased the carry-
ing capacity for golden eagles (Aquila chrysaetos) at
the Snake River Birds of Prey National Conservation
Areain Idaho. In the same area, Piute ground squirrel
(Spermophilus mollisidahoensis) populations fluctuate
more dramatically when sagebrush coverislost, which
may adversely affect prairie falcon (Falco mexicanus)
populations (Sands and others 2000; Sullivan 2005).
In the Mojave Desert, the replacement of native shru-
blands with nonnative annual grasslands dominated by
red brome (Bromus rubens) reduces forage quality and
habitat structure for the federally threatened desert
tortoise (Gopherus agassizii) (Brooks and Esque 2002).
When habitats are altered to the degree that existing
wildlife populations cannot survive, new populations
may invade or increase in dominance, and ecosystem
properties may be further altered.
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Predicting the Effects of Plant
Invasions on Fire Regimes

Plant invasions that only affect the quantitative
magnitude of pre-existing fuel properties (continuous-
trait invaders, Chapin and others 1996) are likely
to have less impact than those that alter the more
fundamental qualitative properties of the existing
fuelbed (discrete-trait invaders, Chapin and others
1996). For example, a nonnative grass that invades
an existing grassland may quantitatively change the
fuel load and/or the continuity of fuels somewhat, but
it does not represent a qualitatively new fuel type. In
contrast, a woody plant invading the same grassland
represents a qualitatively different fuel type and is
likely to have a much greater impact on fuel condi-
tions and the reference fire regime. For example, in
prairies in the Willamette Valley of Oregon and the
Puget Lowlands of Washington the invasion of woody
plants has shifted the fire regime from a frequent,
low-severity regime fueled by grasses and herbaceous
vegetation, to a mixed-severity regime with longer
fire-returnintervals and accumulations of woody fuels
(chapter 10).

Although many publications and models relate fuel
characteristics to fire behavior, relatively little has
been documented relating plant invasions, fuelbeds,
and fire behavior to fire regimes. To determine that an
invasive plant/fire regime cycle has been established
one must (1) document that a plant invasion or set
of invasions has altered fuelbed characteristics, (2)
demonstrate that these fuelbed changes alter the
spatial and/or temporal distribution of fire on the
landscape, and (3) show that the new regime promotes
the dominance of the fuels that drive it (fig. 3-6). This
requires evidence that spans multiple fire-return in-
tervals. Evidence can accumulate rapidly ifthe change
results in shortened return intervals. However, if the
change results in longer fire-return intervals, many
decades to centuries may need to elapse before there
is enough evidence to show that an invasive plant/fire
regime cycle has in fact established. Although it may
be very difficult to obtain the information necessary
to definitively document that an invasive plant/fire
regime cycle has established, reasonable inferences
can be made based on a comparison of fuel and fire
behavior characteristics of the invading species (fig.
3-6, steps 1 and 2) and estimated reference conditions
in the habitats they are invading.

An excellent example of how indirect inference can be
used to evaluate the potential for an invasive plant/fire
regime cycle is provided by Rossiter and others (2003).
These authors tested two assumptions of D’Antonio
and Vitousek’s (1992) grass/fire model:

1. Nonnative grass invasions alter fuel loads and
fuelbed flammability.
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Steps of Inference
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to Accomplish

1) Document that a plant invasion or set of invasions LOW

has altered fuelbed characteristics.

2) Demonstrate that these fuelbed changes alter the
spatial and/or temporal distribution of fire on the

landscape.

3) Show that the new fire regime promotes the

dominance of the fuels that drive it.

HIGH

Figure 3-6—Steps required to determine the establishment of an invasive plant/fire regime cycle.

2. These changes increase fire frequency and/or
intensity compared to uninvaded vegetation.

Their results indicate that a perennial grass invader
from Africa, Gamba grass (Andropogon gayanus), can
create fuelbeds with seven times more biomass than
those created by native Australian savanna species.
This higher fuel load led to a fire that was eight times
more intense than other fires recorded in native fuel-
beds during the same time of year, and produced the
highest temperatures of any early dry season fire ever
recorded in Northern Territory, Australia. Although
this study did not demonstrate that the invading spe-
cies preferentially benefited from the fire behavior it
created, numerous examples from other ecosystems
suggest that African grasses typically benefit from
frequent, moderate to high intensity fires (Brooks and
others 2004; D’Antonio and Vitousek 1992).

Another good example where indirect inference
was used as evidence for an invasive plant/fire re-
gime cycle comes from the Mojave Desert of western
North America. Fires were historically infrequent and
relatively small in this ecosystem that is dominated
by sparse native desert vegetation (Brooks and Min-
nich 2006). Invasion by nonnative annual grasses
from Eurasia has increased the amount, continuity,
and persistence of fine fuels (Brooks 1999a; Brooks
and Minnich 2006). The nonnative species that have
caused these fuelbed changes include cheatgrass at
higher elevations, red brome at middle elevations, and
Mediterranean grass (Schismus arabicus, S. barbatus)
at lower elevations (Brooks and Berry 2006). Fire of-
ten spreads exclusively in these fine nonnative fuels
(Brooks 1999), allowing fires to occur under conditions
where they otherwise would not. In addition, fires are
larger following years of high rainfall that stimulate
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the growth of these nonnative annual grasses (Brooks
and Matchett 2006), and these nonnnative species often
dominate postfire landscapes within a few years after
burning, setting the stage for recurrent fire (Brooks
and Matchett 2003; Brooks and Minnich 2006). Some
areas in the northeastern part of the Mojave Desert
have recently experienced fires in excess 0f 100,000 ha
(250,000 acres) (Brooks and Matchett 2006). Historical
photographic and other anecdotal evidence suggest
that since red brome invaded the region around 1900,
fire-return intervals may have become as short as 20
years in some places, compared to historical estimates
of greater than 100 years (Brooks and Minnich 2006).
U.S. Bureau of Land Management photographs from
the region clearly show continuous fuelbeds of red
brome within a few years following fires that occurred
during the 1940s. Thus, these invaders have altered
fuelbeds, influenced fire behavior, recovered quickly
following fire, and may haveled to fire-return intervals
on the order of 20 years in some places, all results
that support the assumptions of both D’Antonio and
Vitousek’s (1992) grass/fire model and the invasive
plant/fire regime cycle presented here. A similar ex-
ample can be cited for cheatgrass in the Great Basin
Desert of western North America (see discussion on
page 40 and in chapter 8).

Herbaceous Plant Invasions

Herbaceous plants produce mostly fine fuels (1-hour
timelag), which typically contain a high proportion
of dead tissue late in the fire season. This is because
the aboveground parts of herbaceous plants charac-
teristically die back each year, either completely (for
example, annuals, biennials, geophytes) or partially (for
example, some perennial grasses, herbaceous shrubs).
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Fine fuelbeds dominated by dead fuels respond rapidly
to atmospheric conditions, especially with increased
or decreased moisture content following changes in
ambient relative humidity. Some herbaceous species
create fuelbeds that do not readily carry fire because
they have fuel moisture contents that are too high,
horizontal continuities that are insufficient, or fuel
bed bulk densities that are less than ideal for combus-
tion. However, other species produce fuelbeds that can
readily carry fire because they have low fuel moisture,
high horizontal continuity, and fuel bed bulk densi-
ties that are conducive to combustion. Based on these
parameters, forbs are generally the least flammable
herbaceous invaders, and grasses (especially annual
species) the most flammable.

Where highly flammable nonnative herbaceous
plants have increased horizontal continuity of fine
fuels, fires may be larger and more uniform than in
uninvaded sites. Easy ignition and high fuel continu-
ity, coupled with rapid recovery of nonnative herbs
following fire, result in lengthy annual fire seasons
and short fire-return intervals. Successive years of
high rainfall and accumulation of dead herbaceous
fuels can be associated with increased area burned
(for example, Rogers and Vint 1987). The herbaceous
fuels at the start of a given fire season consist mainly
of litter from the past year’s growth; later in the fire
season, they are mostly comprised of the current
year’s growth (Jim Grace, personal communication

2006; M. Brooks personal observation, Mojave Desert
uplands, spring and summer 1993). During drought
periods, when herbaceous production is low, fuel load
and continuity, and resulting probability of fire, tend
to be low as well.

Perhaps the best known example of an invasive
plant/fire regime cycle caused by an herbaceous plant
istheinvasion of the nonnative annual cheatgrassinto
sagebrush-steppe regions of the Intermountain West
of North America (Brooks and Pyke 2001). Cheatgrass
creates a type of fuel bed that was not previously present
in this region (fig. 3-7). The altered fuel bed facilitates
theignition and spread of fire between adjacent shrubs
(fig. 3-8). After fires occur, cheatgrass recovers rapidly,
producing a fuel bed that can carry fire after as few as
5years (Whisenant 1990a). Many native plants in this
community, especially the subspecies of big sagebrush,
are adapted to a longer fire-return interval and can-
not persist where cheatgrass invasion substantially
reduces the time between fires. Thus, cheatgrass both
promotes frequent fire and recovers soon following
fire, creating an invasive plant/fire regime cycle that
has converted vast landscapes of native sagebrush-
steppe to nonnative annual grasslands (chapter 8;
Menakis and others 2003). These vegetation changes
can cascade to higher trophic levels, affecting wildlife
prey and predator species as well (reviewed by Brooks
and others 2004).
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Native Plants
Sagebrush-steppe [

I

f

Figure 3-7—Changes in fuelbed and fire regime properties caused by the invasion of nonnative
annual grasses into native sagebrush-steppe in the Intermountain West of North America.
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Figure 3-8—Cheatgrass leading to an invasive plant/fire regime cycle in the Intermountain West of North America. (A) Initial
invasion filling interspaces between shrubs creating fuelbeds of fine and woody fuels; (B) initial fires; (C) subsequent fuelbed
dominated by fine fuels with few woody fuels; (D) recurrent fire that perpetuates fine fuelbeds. (Photos A, C, and D by Mike Pellant,
BLM; photo B by J. R. Matchett, USGS Western Ecological Research Center.)

The fuel changes caused by cheatgrass invasion
include increased fine fuel loads, horizontal continu-
ity, and ignitability of fuels (figs. 3-7 and 3-8). These
fuelbed characteristicslead toincreased fire frequency,
size, and seasonal window of burning. As shrublands
have been replaced by grasslands, coarse woody fuels
have been replaced by fine grasses. This may lead to
decreased fire residence times and possibly reduced
fire intensities, although these changes have not been
specifically documented.

Other examples of herbaceous plant invaders
that may increase fire frequency include other an-
nual grasses (for example, red brome) and perennial
grasses (for example, buffelgrass (Pennisetum ciliare),
fountain grass (Pennisetum setaceum), Johnson grass
(Sorghum halepense)) in desert shrublands (chap-
ter 8) and the Pacific Islands (chapter 11), Japanese
stiltgrass (Microstegium vimineum) in northeastern
forests (chapter 5), climbing ferns (Lygodium spp.)
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in the Southeast bioregion (chapter 6), and Japanese
knotweed (Polygonum cuspidatum) in the Northwest
Coastal bioregion (chapter 10). While empirical evi-
dence for fire regime change is lacking in many of these
examples, differences in fuel characteristics between
invaded and uninvaded areas imply that there is po-
tential for such changes.

There are cases when herbaceous perennial plants
may decrease fire frequency and intensity, especially
when the invaders have high live fuel moisture. The
invasion of iceplant species (for example, Carpobrotus
spp., Mesembryanthemum spp.) into coastal sage-scrub
in California appears to have reduced the likelihood of
fire in some areas (M. Brooks, personal observation,
coastal southern California, Ventura County, sum-
mer 2000). Invasion of cactus species (for example,
Opuntia spp.) into fire-adapted matorral shrubland
in Spain may be having a similar effect, as fires have
been noted to be less frequent and intense where cacti
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have invaded (Vila and others 2005). This could have
deleterious consequences for “fire followers,” species
that depend on the fire regeneration niche to complete
their life cycles.

Herbaceous species that have allelopathic effects
on other plants, such as diffuse knapweed (Centaurea
diffusa)(Callaway and Aschehoug 2000; Callaway and
Ridenour 2004), may reduce fine fuel loads and thereby
reduce the frequency and size of fires. In some cases,
plant invasions such as these may suppress extant
nonnatives that previously altered the fire regime
(for example, Bromus spp.), and dynamics between
the two nonnatives, native plants, and the fire regime
may settle into a new cycle.

Woody Plant Invasions

Woody shrubs and trees produce coarse fuels (10-hour
timelag and larger) in addition to fine fuels from
twigs and foliage. As woody plant canopies approach
closure, herbaceous surface fuels may be suppressed.
The coarser structure of woody fuelbeds compared to
herbaceous fuelbeds can narrow seasonal burning win-
dows and lengthen fire-return intervals, especially if
this changeis accompanied by reduction in fine surface

fuels. Horizontal continuity of fuels is highly variable,
leading to highly variable size and occurrence of un-
burned patches. Fuel loads can be relatively high and
contain a high proportion of dead tissue, especially in
old stands with deep accumulations of duff and litter.
These conditions can lead to intense, stand-replacing
fires and significant soil heating (thus increased fire
severity). Examples include mesic shrublands and
evergreen and deciduous forests.

The replacement of continuous, fine, grassland fuels
by more patchy, coarse shrubland and woodland fuels
(fig. 3-9) has reduced the frequency of fire in a number
of places worldwide (Bruce and others 1997; Drewa
and others 2001; Gordon 1998; Grace and others 2001;
Miller and Tausch 2001; van Wilgen and Richardson
1985). Fire exclusion often facilitates the early stages
of these invasions by extinguishing fires before they
spread and/or reducing fine fuels through intensive
livestock grazing. However, at some point the altered
fuelbeds reduce the chance of fire due to their inherent
characteristics. The longer fire is excluded and woody
species persist with their patchy distribution, the
greater the chance that topsoil and the underlying dis-
tribution of soil nutrients will shift from homogeneous
patterns characteristic of grasslands to patchy patterns
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Figure 3-9—Changes in fuelbed and fire regime properties caused by the invasion of nonnative woody
shrubs or trees into native herbaceous plant assemblages.
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characteristic of shrub- and woodlands (Schlesinger
and others 1990). Although positive feedback cycles
between invading woody fuels and native grassland
fuels have not been established over multiple fire-
return intervals, it seems likely that these changes
can be characterized as an invasive plant/fire regime
cycle. This may be especially trueif soil conditions, such
as the spatial distribution of soil nutrients, change to
the point where their patchiness does not support the
continuous vegetation cover (Schlesinger and others
1996) needed to re-establish a reference regime of
frequent, low-intensity fire.

Invasion of Chinese tallow (Triadica sebifera) into
coastal prairie is a good example of how a tree inva-
sion can alter fuels and fire regime properties (Bruce
and others 1997; Grace and others 2001; chapter 7).
As tallow trees invade, they overtop and shade out

surface vegetation, resulting in reduced fine grass
and forb surface fuels and increased coarse woody
fuels (fig. 3-10). The fuelbed that results from Chinese
tallow invasion is comprised mostly of canopy fuels,
with few surface or ladder fuels. As a result, fires are
difficult to start. If they do start, the high live fuel
moisture content of Chinese tallow usually precludes
spread into their crowns (Jim Grace, personal com-
munication 2006). Although there are currently no
data documenting a positive feedback loop between
long fire-return intervals and dominance by Chinese
tallow, the species’ capacity for vigorous resprouting
and rapid growth, and relatively low postfire mortality
rates of mature trees, suggest thatit can recover rapidly
after fire and continue promoting a long fire-return
interval. Theoretically, grasslands invaded by woody
species that have reduced fine fuels and lengthened

Figure 3-10—Chinese tallow creating a closed-canopy forest that drives out native surface fuels and may result in an invasive
plant/fire regime cycle in the Gulf States of North America. (A) Uninvaded prairie of fine fuels. (B) Early invasion adding woody
fuels. (C) Late invasion creating a fire resistant stand of closed-canopy woody fuels and few fine surface fuels. (D) To allow native
prairie to recover, fire may be needed to control Chinese tallow at early stages of its invasion before closed-canopy stands become
established. (Photos by Larry Allain, USGS, National Wetlands Research Center.)
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fire-return intervals could support crown fire under
very hazardous fire weather conditions. However, thus
far no studies have described this phenomenon.

Saltcedar (Tamarix ramosissima, T. chinensis) pro-
vides an example of how a woody plantinvader can alter
fuel characteristics of native riparian assemblages com-
prised largely of woody species (chapter 8). Saltcedar
produces a nearly continuous litter layer thatis highly
flammable (M. Brooks, personal observation, lower
Colorado River, San Bernardino County, California,
summer 2000). Fires that start in these surface fuels
can easily carry through mature saltcedar trees and
up into the canopies of native riparian trees. This may
result in a frequent, high intensity, crown fire regime
where aninfrequent, low to moderate intensity, surface
fire regime previously existed (Brooks and Minnich
2006). Saltcedar can resprout readily after burning
and benefit from nutrients released by fire, whereas
native woody riparian plants often do not resprout as
vigorously (M. Brooks, personal observation, Virgin
River, Clark County, Nevada, summer 2005; Ellis
2001). Although there are no quantitative descriptions
relating saltcedar invasions to fire regime changes,
numerous anecdotal observations and accounts suggest
that this species can establish an invasive plant/fire
regime cycle in riparian ecosystems in western North
America (Dudley and Brooks 2006).

Preventing or Mitigating
Altered Fire Regimes

Exclusion of potentially threatening species before
they invade and early detection and rapid response
to eradicate populations at the very early stages of
invasion are the most cost-effective and successful
approaches to preventing the establishment of an
invasive plant/fire regime cycle. These approaches
focus on Phase 1 (dispersal) and Phase 2 (establish-
ment, persistence, spread) of the cycle (fig. 3-11). The
cost of control is lowest and probability of successful
management is highest during Phase 1. There may
be economic costs associated with exclusion of plant
species that are used in ornamental horticulture or
as livestock forage, but these short-term costs would
be eclipsed by the long-term costs of inaction if the
species moves into phases 2 to 4. After a species has
established multiple local populations during Phase 2,
management costs begin to rise and the probability of
successful prevention or mitigation of negative effects
begins to decline, but management can still be focused
entirely ontheinvasive plant species. In contrast, once
Phase 3 begins, management must focus on controlling
the invader, revegetating native plant communities,
and possibly also restoring ecosystem processes (other
than fire regime) that have allowed invasion or have

Pathway to Recovery From the
Invasive Plant/Fire Regime Cycle

Phase 1
Plant species is not yet
present in the region of
interest, but propagules
are poised to invade

A

If eradication is
successful

Phase 2
Invasive species is
present but not causing
significant ecological
effects

If revegetation and
ecosystem restoration is
successful

Phase 3
Invasive species has
significant ecological

effects other than
affecting the fire regime

'

If fire regime restoration
is successful

Phase 4
Fire regime is altered
and an invasive
plant/fire regime cycle
has established

Figure 3-11—Steps toward breaking the invasive plant/fire regime cycle and reversing the effects
of plant invasions on native plant communities and ecosystem properties, modified from Brooks

and others (2004).

44

USDA Forest Service Gen. Tech. Rep. RMRS-GTR-42-vol. 6. 2008



been altered by the invader. When Phase 4 is reached
and an invasive plant/fire regime cycle has been es-
tablished, the invader needs to be controlled, native
vegetation needs to be re-established, and various
ecosystem processes, including the fire regime, must
berestored. Thus, as each successive phase of the cycle
isreached, additional management considerations are
added, costs increase, and the probability of successful
management decreases (Brooks and others 2004).

Summary Recommendations

Recommendations for management can be related
to the steps of invasion and fire regime change shown
in figure 3-11. Regarding Phase 1, plant species that
have not yet invaded a region need to be evaluated for
their potential to establish, become invasive, cause
ecological impact, alter fuels, and eventually alter
fire regimes. Species with high potential to alter fire
regimes should be prioritized for exclusion from a re-
gion. Regarding Phase 2, species that have persisted
or begun to expand need to be evaluated for their po-
tential to cause significant ecological impact and alter
fuels. Species with a high potential to cause negative
impact or alter fuels need to be prioritized for control.
Regarding Phase 3, species that have already caused
significant ecological impact need to be evaluated for
their potential to alter fuels and fire regimes under
any of the environmental conditions that occur in the
region. Species with high potential to alter fire regimes
should be prioritized for control, and restoration of pre-
invasion plant community and ecosystem properties
may be necessary. Species thatintroduce qualitatively
novel fuel characteristics should in general be consid-
ered greater threats than those that only change fuel
conditions quantitatively. Regarding Phase 4, when a
species has already changed one or more fire regime
characteristics, the altered regime needs to be evalu-
ated for its potential to have negative effects on public
safety, property, local economies, natural resources,
and wildland ecosystems. Ecosystem effects may
include reduced biodiversity of native species, loss of
wildlife habitat, promotion of subsequent invasions by
othernonnative species, altered watershed functioning,
loss of tourist appeal, and increased fire-associated
hazards.

In some cases, it may not be possible to restore
communities to their pre-invasion state. For example,
fire-enhancing tropical grasses from Central America
and Africa have invaded seasonally dry habitats in
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the Hawaiian Islands, increased fire frequency, and
reduced the amount of native forest. Restoration of
pre-invasion native vegetation was found to be diffi-
cult,and managers have instead created “replacement
communities” of native grassland species that are
more fire tolerant than forest species and can coexist
with the nonnative grasses (Tunison and others 2001,
chapter 11).

Nonnative species that are not invasive may also be
used in postfire revegetation to compete with invad-
ers and recreate pre-invasion fuel characteristics to
help restore altered fire regimes. For example, the
nonnative bunchgrass crested wheatgrass (Agropyron
desertorum) has been seeded into postfire landscapes
inthe Great Basin desert of North America to suppress
growth of the nonnative annual cheatgrass and reduce
fuel continuity and flammability (Hull and Stewart
1948). The idea is that nonnative bunchgrasses can
help restore a pre-invasion fire regime of infrequent,
low intensity fire, which will allow native plants to re-
establish more easily. This process has been referred
to as “assisted succession” (Cox and Anderson 2004).
Proponents anticipated that, if the desired fire regime
can be maintained, over time the original native plant
species may be gradually reintroduced. It is difficult
to say how successful this management approach has
been because effectiveness of past postfire emergency
stabilization, rehabilitation, and restoration in the
United States has not been monitored (GAO 2003).
However, current studies are in progress to provide
some of this information.

In this chapter I have presented a number of ex-
amples of how plant invasions can alter fire regimes.
Although the ecological implications of these changes
can be significant, one must remember that few plant
invasions will result in fire regimes shifted beyond
their reference conditions. Even so, the potential effects
of invaders on fire regimes must be considered along
with other potential effects when prioritizing plant
invaders for management (for example, Warner and
others 2003). To help in this task, I have described key
elements linking fuel conditions with fire regimes that
can helpin screening plantinvaders for their potential
effects. This task would further benefit from additional
examples of cases where invasions by nonnative plants
have altered fire regimes. There are very likely many
examples that await discovery, especially in contexts
where these relationships may not be expected or
otherwise cause people to take notice.
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Chapter 4:

Use of Fire to Manage Populations
of Nonnative Invasive Plants

Introduction

It may be impossible to overstate the complexity of
relationships among wildland ecosystems, fires, and
nonnative invasives. Strategies for managing these
relationships are similarly complex; they require in-
formation on local plant phenology, ability to produce
various levels of fire severity within burns, willingness
to combine fire with other management techniques,
and systematic monitoring to improve effectiveness.
Oversimplification and short-sightedness in planning
can lead to unintended degradation of the ecosystem;
lack of monitoring may leave such consequences unno-
ticed and unaddressed. An inventory of the knowledge
needed for planning an effective burning program could
begin with the topics listed in table 4-1; managers
need to understand the regeneration strategies and
phenology of both target and desired species and their
respective sensitivity to fire regime characteristics.
Extensive information like this is currently available
for only a few invasive species. Ifthe information is not
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Table 4-1—Inventory of species-specific knowledge
needed to assess potential for using pre-
scribed fire to control nonnative invasive
plants. This information is needed not only
for the invasive species but also for desired
native species.

Topic

Postfire regeneration from seed (production, disper-
sal, mobility, use of seed bank)

Postfire vegetative regeneration strategies &
location of perennating tissues

Season Most vulnerable to fire
Least vulnerable to fire

Fire interval Most favorable to regeneration
Least favorable to regeneration

Probable fire effect Low-severity
High-severity
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available to managers, they must monitor treatment
sites carefully and learn from experience.

To assess the potential for managing nonnative
invasive species with prescribed fire, managers must
integrate knowledge about individual species. This
includes understanding the condition of the plant
community to be treated and altering conditions on
the site that favor nonnatives (Brooks 2006; Keeley
2006b). If disturbance favors the invasive more than
desired natives, fire alone is probably inappropriate
(Keeley 2006b). If desired species are unable to es-
tablish dominance soon after a treatment, the target
species or another undesired species is likely to take
over (Goodwin and others 2002). Finally, ecological
considerations must be integrated with practical as-
pects of fire management:

e What fire season(s), severities, and intervals
seem most desirable for meeting treatment
objectives?

e What fuels, weather conditions, and firing
techniques are needed to produce the needed
fire behavior?

¢ During what seasons, and how long after pre-
vious fire, are these conditions present?

e What other treatments might enhance the
benefits of fire? Can fire be used to enhance
the benefits or reduce the negative impacts of
other treatments?

Treatments that prove successful in one place may
not succeed in another (McPherson 2001). Garlic mus-
tard (Alliaria petiolata), a nonnative biennial herb,
provides an example of a species with fire responses
that vary with fire regime characteristics and with
the plant community being treated. In an Illinois oak
(Quercus spp.) forest, spring fires with flame lengths
up to 6 inches (15 cm) and fairly uniform burning re-
duced the density of both seedlings and mature garlic
mustard plants (Nuzzo 1991); lower-intensity, less
uniform fires had no appreciable effect. In another
study of an oak forest in Illinois, a series of three an-
nual dormant-season fires (flame heights up to 4 feet
(1.2 m)) maintained garlic mustard at low percent
cover, whereas it increased substantially without fire.
Increased native species cover and richness accompa-
nied decreases in garlic mustard (Nuzzo and others
1996). Conversely, in hardwood forests of Kentucky
dominated by sugar maple (Acer saccharum)and white
ash (Fraxinus americana), repeated prescribed fires
had no appreciable effect on garlic mustard abundance
or richness of native species (Luken and Shea 2000).
Perhaps the only generalization that can be applied to
management ofinvasive species with fireisthat results
of any treatment should be monitored and evaluated
so management programs can be improved with time
and experience (chapter 15).
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Scientificliterature on control of nonnative invasives
with prescribed fire is limited. A recent comprehen-
sive literature search and case history review found
only 235 references on this topic (Rice 2005, review).
Many of these were proceedings, abstracts, or manag-
ers’ reports without supporting data. Relatively few
publications report studies with replicated treatments
and controls that meet the standards of peer reviewed
journals. Details on fuel loads and fire behavior are
generallylacking. But the biggest challenge to applying
research on burning to control invasives is the vari-
ability of plant invasions themselves —the apparently
limitless potential interactions of target invasives,
desirable competitors, fuel properties, fire behavior,
climate, and other ecosystem properties.

Despite the limitations of the knowledge available, a
survey of studies conducted in North America provides
insights about the use of fire for controlling nonnative
invasive species. There are many ways to examine this
subject. In the first section below, we discuss the effects
of fire alone for managing invasives. Second, we look
at fire combined with other management tools. In the
third section, we examine the potential for manipu-
lating three aspects of the fire regime—fire severity,
uniformity, and frequency—to control undesired spe-
cies and move the ecosystem toward a desired condi-
tion. Finally, in the last section we take a brieflook at
political and logistical aspects of managing nonnative
species with prescribed fire. While this chapter looks
at several facets of use of prescribed fire for control-
ling nonnative invasive species, it does not attempt to
describe management of individual speciesin depth; for
that information, see discussions of individual species
inthebioregional chapters (chapters5through11)and
other sources, especially the Fire Effects Information
System (FEIS, www.fs.fed.us/database/feis) and The
Nature Conservancy’s Element Stewardship Abstracts
(tncweeds.ucdavis.edu/esadocs.html).

Use of Fire Alone to Control
Nonnative Invasive Plants

To achieve long-term control of a nonnative invasive
population with fire, managers must consider the spe-
cies’ regeneration strategies (by seed and vegetative
means), phenology, and site requirements (reviews by
Brooks 2006; DiTomaso 2006a; Rice 2005). To favor
native or other desired species, the same considerations
apply (table 4-1).

Prevention of Reproduction by Seed

Preventing Flowering or Seed Set—Prescribed
fire can be used to prevent seed production in nonna-
tive invasive species by killing aboveground tissues
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prior to flowering or seed maturation. The fire must be
severe enough to damage target plants, so success may
depend on quantity and quality of fuel on the site (see
“Prescribed Fire Severity and Uniformity in Relation
to Fuel Beds” page 57). Two examples highlight the
importance of evaluating effectiveness over the long
term and the difficulty of using fire to both reduce the
target species and enhance native species.

Multiyear burningin California grasslands provided
only temporary control of yellow starthistle (Centaurea
solstitialis), a nonnative invasive annual forb. Yellow
starthistle was associated with a variety of nonnative
annual grasses and alsonative species, including purple
needlegrass (Nassella pulchra), blue wildrye (Elymus
glaucus), and beardless wildrye (Leymus triticoides).
Conducting prescribed burns during late floral bud
stage or early flowering stage of yellow starthistle
prevented seed production while allowing for seed
dispersal by associated vegetation (Hastings and
DiTomaso 1996). Reduction in yellow starthistle
vegetative cover following 3 consecutive years of
burning corresponded to a 99 percent depletion of
yellow starthistle seeds in the soil seed bank. Dur-
ing the same period, species richness and native
forb cover increased on burned sites compared to
unburned controls (Hastings and DiTomaso 1996;
Kyser and DiTomaso 2002). Four years after ces-
sation of annual burning on these sites, however,
yellow starthistle cover and seed bank density had
increased to near pretreatment levels, and native
forbs, total plant cover, and diversity had declined
(Kyser and DiTomaso 2002).

Use of prescribed fire to control biennial species
is complex, but some success was achieved at a
45-year-old restored tallgrass prairie site in Min-
nesota. Prescribed burning of second-year biennial
sweetclover (Melilotus spp.) prevented seed forma-
tion and reduced sweetclover frequency. However, the
optimal burning schedule for reducing sweetclover
(a sequence of early spring burning one year, fol-
lowed by a May burn the next year) reduced native
forb frequencies. Dormant season burns were least
successful at controlling sweetclover but increased
native forb frequencies (Kline 1983).

Destroying Seeds in Inflorescences—Burning
the seeds of nonnative invasive annual grasses before
they disperse is a goal of many restoration programs
(for example see Allen 1995; Kan and Pollack 2000;
Menke 1992). Important considerations for success
include burning when seeds are most vulnerable to
heat and before they are dispersed to the soil surface,
and producing fires severe enough to kill the seed.

Seeds of many species are most vulnerable to heat
damage before they are fully cured (DiTomaso and
others 2001; Furbush 1953; McKell and others 1962).
Backfiring has been recommended (McKell and others

USDA Forest Service Gen. Tech. Rep. RMRS-GTR-42-vol. 6. 2008

1962; Murphy and Turner 1959) to maximize fuel con-
sumption and thus heat produced, and to increase the
duration of heating. McKell and others (1962) burned
California grasslands dominated by medusahead
(Taeniatherum caput-medusae), a nonnative annual
grass, at different times as the seed developed and
dispersed. Stands burned with a slow-moving backfire
while medusahead seed was in the soft dough stage
(highest moisture content) had the lowest density of
mature medusahead the next growing season. Simi-
larly, early June burning of medusahead infestations
in northern California rangelands when desirable an-
nual grasses had cured but medusahead seed was still
in the milk to early dough stage “effectively removed”
medusahead and increased desirable forage for at
least 3 years (Furbush 1953). DiTomaso and others
(2001) completely burned a barbed goatgrass (Aegilops
triuncialis) infestation in California in 2 consecutive
years when goatgrass seed was still in the soft dough
stage. The barbed goatgrass seedling density in this
pasture was reduced to 16 percent of the control in the
year after the first burn and to zero the year after a
second burn. Density reduction was less in a second
pasture, which did not have enough fuel for a complete
burn in the second year.

In fires carried by fine grasses and forbs, fire
temperatures may be higher in the fine fuel canopy
than at the soil surface (Brooks 2002; DiTomaso and
others 1999). Under these conditions, seeds retained
in inflorescences are likely to be more susceptible to
fire than seeds on or in the soil. Brooks (2002) reports
this phenomenon for red brome (Bromus rubens),
a nonnative annual grass invading many sites in
the Mojave Desert; Kan and Pollak (2000) report
the same phenomenon for medusahead. However,
a grassland fire may consume most of the standing
dead biomass and still not produce enough heat to
kill seeds in intact seedheads. For example, Sharp
and others (1957) measured 87 percent germination
of medusahead seeds collected after a prescribed fire
that burned the culms nearly to the head but did
not scorch the heads. Kan and Pollak (2000) com-
ment that August burns (after seed dispersal) may
actually increase medusahead abundance.

Laboratory studies confirm that extending the mag-
nitude and duration of heating can greatly increase
seed mortality for some nonnative species—for ex-
ample, jointed goatgrass (Aegilops cylindrica) (Willis
and others 1988; Young and others 1990) and spotted
knapweed (Centaurea biebersteinii) (Abella and Mac-
Donald 2000). Duration of heating in prescribed burns
can be manipulated by planning the burn for a time
when fuels are abundant, scheduling for the time of
day with the highest temperatures, and manipulat-
ing ignition patterns. Deferring grazing increases
fine fuels and can thus increase heat release (George
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1992). Deferring grazing also avoids livestock-caused
seed dispersal, which deposits seed on the ground and
may make it less vulnerable to fire (Kan and Pollak
2000; Major and others 1960).

Destroying Seeds in the Litter and Soil — Grass-
land and surface fires may kill seed in the litter layer
(Daubenmire 1968a; DeBano and others 2005, review),
butitisoften difficult to produce high enough fire sever-
ity at the soil surface to cause mortality. Species that
release seed rapidly after maturation are especially
difficult to eradicate with fire. For example, cheatgrass
(Bromus tectorum) seeds begin to disperse shortly af-
ter culms cure enough to carry a fire. Consequently,
for most of the year, almost all cheatgrass seeds are
in the litter or on the soil. Fire may consume most of
this seed, but some is likely to survive and establish
highly fecund plants the following year. Thus fire is
unlikely to cause long-term reduction of cheatgrass
(Zouhar 2003a, FEIS review).

Mortality of invasive grass seed may be higher
under the canopy of burned shrubs, where woody
fuelsincrease heat release, thanin open areas. Fires
often destroy cheatgrass seed located directly under
the sagebrush (Artemisia spp.) canopy (Young and
Evans 1978). These areas must be planted with de-
sirable species the year of the fire, however, or they
will be reinvaded by seed from cheatgrass growing in
the shrub interspaces, where sagebrush and woody
fuels are lacking and hence burning is less severe
(Evans and Young 1987).

Seeds in the soil are unlikely to be damaged by grass-
land fires (Daubenmire 1968a,b; Vogl 1974), and fires
in shrublands and woodlands do not generally produce
enough heat to kill seed buried deeper than about 2
inches (5 cm), since soil temperatures at this depth may
not change at all during fire (Whelan 1995). However,
the soil may experience temperatures lethal to seeds
when heavy fuels, such as large woody fuels or deep duff,
burn for long periods (chapter 2). Peak temperatures
from spring and summer prescribed fires in the Mojave
Desert varied with aboveground fuels and vertical loca-
tion (fig. 4-1). Temperatures in areas with sparse grass/
forb cover and along the edge of native creosote bush
(Larrea tridentata) plants were not lethal to seeds, but
temperatures under the shrubs, as deep as <1 inch (2
cm) below the soil surface, were lethal to red brome and
native annual seeds. The spatial variability in fire severity
led to complex fire effects on the plant community. While
burning reduced red brome and native annuals under
the burned shrub canopy for the 4 years of the study, two
nonnative perennials—Mediterranean grass (Schismus
spp.) and cutleaf filaree (Erodium cicutarium), which
occur more commonly near the dripline than under the
shrub canopy —recovered to preburn levels by the second
postfire year. Also under the drip line, native annuals in-
creased during the first 3 postfire years (Brooks 2002).
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Ground fires in habitats with heavy litter and duff
could produce lethal temperature regimes below the
soil surface, but there are no reported cases where this
type of burn has been employed to control invasive
plants. Ground fires severe enough to destroy buried
seed would probably kill perennating tissues of desired
native plants, anegative consequence likely to outweigh
the benefits of reducing the nonnative seed bank.

Depleting the Seed Bank by Fire-stimulated
Germination—Synchronous germination of sig-
nificant portions of the seed bank can increase target
populations’ vulnerability to follow-up treatments,
including repeat burning. French broom (Genista
monspessulana) and Scotch broom (Cytisus scoparius)
are nonnative woody plants that invade grasslands,
woodlands, and open forests; these species are cur-
rently most problematic in Washington, Oregon, and
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Figure 4-1—Peak fire temperature for three microhabitats and
four heights from the soil surface in two seasons. Significant
differences are indicated by differentlower case letters. (Adapted
from Brooks 2002, with permission from the Ecological Society
of America.)
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California (Zouhar 2005a,c, FEIS reviews). Standing,
herbicide-treated, or cut broom stands in California
are burned to kill aboveground tissues and to kill
seed or encourage germination from the persistent
seed bank (Bossard 2000a,b; Boyd 1995). Follow-up
treatments with prescribed fire, propane torch, hand
pulling, brush cutter, or herbicide within 2 to 3 years
can kill sprouts and seedlings before new seeds are
produced. With appropriate timing, seedlings may
also die during seasonal drought periods following
germination. Repeated prescribed burning is most
effective if grasses are present to carry the fire (see
“Prescribed Fire Severity and Uniformity in Relation
to Fuel Beds” page 57). Removal sites should be moni-
tored annually for 5 to 10 years to locate and kill new
seedlings (Bossard 2000a,b).

Fire has also been used to deplete the seed bank
of white and yellow sweetclover (Melilotus alba, M.
officinalis) in Minnesota prairies (Cole 1991; Kline
1983,1986), but the benefit of seed reduction may be
offset by reduction in native species cover (see “Pre-
venting Flowering or Seed Set” page 48).

Induced Mortality and Prevention or
Delay of Resprouting

Control of invasive biennial and perennial species
requires either direct mortality of perennating tissues
or depletion of carbohydrate reserves in these tissues
(Whelan 1995).

Direct Mortality—It is generally not feasible
to kill belowground perennating tissues with pre-
scribed fire. Daubenmire (1968a) and Whelan (1995)
reviewed studies of surface fires and found that soil
temperatures below 1 inch (2.5 cm) are unlikely to
reach 212 °F (100 °C) during a fire, even with high
surface fuel loads in shrublands and forests. Tem-
peratures decline rapidly with small increases in soil
depth, reaching temperatures no higher than 120 °F
(50 °C) 2 inches (5 cm) below the surface (Whelan
1995). Plant cell death begins when temperatures
reach 120 to 130 °F (50 to 55 °C) (Hare 1961).

Direct mortality from fire has been achieved for some
woody species by use of cutting or herbicides toincrease
fuelloads (see “Treatments that Increase Effectiveness
of Prescribed Fire” page 53 and “Prescribed Fire Se-
verity and Uniformity in Relation to Fuel Beds” page
57). In addition, prescribed fire may be effective for
controlling species with shallow perennating buds.
Steuter (1988) burned a mixedgrass prairie in South
Dakota to suppress absinth wormwood (Artemisia
absinthium), a nonnative invasive subshrub that has
perennating buds at or near the soil surface. A series
of four early May fires within a 5-year period reduced
density of absinth wormwood by 96 percent.
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Prescribed Burning to Deplete Carbohydrate
Reserves—Repeated fires have been used to reduce
postfire sprouting in some woody species, probably by
reducing the plants’ carbohydrate reserves. Managers
of fire-adapted midwestern and eastern plant communi-
ties often suggest annual or biennial burning to control
sprouting of nonnative shrubs if the burn treatment can
be repeated for periods as long as 5 or 6 years (Heidorn
1991, review). In Alabama, annual burning during very
dry periods eliminated European and Chinese privet
(Ligustrumvulgare and L. sinense) (Batcher 2000a, TNC
review), whereas a single burn treatment in northwestern
Georgia(Faulkner and others 1989) caused nosignificant
change in Chinese privet.

Use of repeated fire has produced equivocal results
for several woody species. Glossy buckthorn (Frangula
alnus) and common buckthorn (Rhamnus cathartica)
arenonnative shrubs that form dense thickets in native
grasslands. They have been reported both to decrease
(Grese 1992, review) and increase (Post and others
1990) after repeated prescribed fire. In wet prairies
of the Willamette Valley, Oregon, neither a single fall
burn nor two consecutive fall burns significantly altered
the density of nonnative invasive shrubs (sweetbriar
rose (Rosa eglanteria), Himalayan blackberry (Rubus
discolor), and cutleaf blackberry (R. laciniatus)) or
trees (oneseed hawthorn (Crataegus monogyna) and
cultivated pear (Pyrus communis)) (Pendergrass and
others 1998). Nevertheless, the authors comment that
repeated burning may gradually reduce the density
and retard the expansion of woody species.

Prescribed burns are often conducted during the dor-
mant season to protect vulnerable wildlife species (for
example, Mitchell and Malecki 2003; Schramm 1978),
but some researchers suggest that growing season
burns would offer better control of woody nonnatives.
Dormant season burns in the Northeast are followed
by profuse sprouting from the roots and rhizomes of
many nonnative woody species. Total nonstructural
carbohydrate reserves are lowest during the growing
season, so burning late in the growing season may
deplete root carbohydrates of nonnatives more ef-
fectively than dormant-season burns (Richburg and
others 2001; Richburg and Patterson 2003b). The same
principle may apply in coastal prairies and forests in
the southern United States being invaded by Chinese
tallow (Triadica sebifera), a nonnative tree. The spe-
cies is difficult to control with fire, but prescribed fires
have reduced sprouting of small trees and prevented
tallow from gaining dominance (Grace 1998; Grace
and others 2001). Growing-season burns were more
effective than dormant-season burns. Intense fires
can damage large tallow trees, but stands of Chinese
tallow suppress herbaceous species needed to carry
fire, so frequent burning is not usually feasible (Grace
and others 2001, 2005).
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Burning to Favor Native Species

Taking Advantage of Varying Plant Phenology —
Burning while an invasive species is actively growing
and desired native species are dormant can reduce the
invasive and simultaneously enhance the productiv-
ity of native species. This technique has been studied
mainly in grassland ecosystems. In an Iowa prairie
remnant burned 1 to 3 times in 3 years, native veg-
etation began growing earlier, matured earlier, and
produced more flower stalks on burned than unburned
sites. Repeated fires reduced the density of the non-
native invasive Kentucky bluegrass (Poa pratensis),
which was beginning growth at the time of burning
while native grasses were still dormant (Ehrenreich
1959). Willson (1992) found that burning in mid-May
reduced smooth brome (Bromus inermis) and increased
bigbluestem (Andropogon gerardii),the desired native
dominant, in a Nebraska tallgrass prairie. Smooth
brome tillers were elongating at the time of burning.
Earlier burning, when tillers were emerging, did not
reduce smooth brome, as demonstrated by this study
and also research by Anderson (1994).

Since plant communities are usually complex mix-
tures of species, it is not surprising that burn treat-
ments that reduce nonnative invasive species often
have mixed effects on the native plant community. It
may be very difficult to use fire to reduce a nonnative
species if a desired species has similar phenology. Two
Wisconsin studies on prairie restoration and main-
tenance demonstrate this point. In one study native
tallgrass prairie species were planted in abandoned
fields dominated by nonnatives Kentucky bluegrass
and Canada bluegrass (Poa compressa), and the sites
were burned the following spring and 1 year later.
Burns occurred while nonnative bluegrasses and na-
tives Canada wildrye (Elymus canadensis) and Virginia
wildrye (Elymus virginicus) were actively growing, but
before other natives (indiangrass (Sorghastrum nu-
tans), switchgrass (Panicum virgatum), big bluestem,
and little bluestem (Schizachyrium scoparium)) com-
menced growth. One year after the second burn, the
bluegrasses and wildryes had declined; most other na-
tive grasses had increased (Robocker and Miller 1955).
A second study examined the effects of 8 burns in 10
yearson aprairieremnant (Henderson 1992). Repeated
late-spring fires reduced Kentucky bluegrass but also
reduced native sedges (Carex spp.), bunchgrasses,
and some forbs. Native porcupinegrass (Hesperostipa
spartea) increased. In the same area, late fall and
early spring burns reduced Kentucky bluegrass and
had less effect on native species.

Where a site is infested with multiple nonnative
invasive species, differences in their phenologies limit
the benefits of burning. The manager may need to
determine which species is most detrimental to the
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ecosystem and focus resources on controlling it (Randall
1996). Reports of fire effects in tallgrass prairie dem-
onstrate the complexity of scheduling prescribed burns
to maximize benefits. Late April burns on an Illinois
prairie eliminated Kentucky bluegrass, which began
growth in early April and reached peak production
in mid-May. But the burns did not eliminate smooth
brome, which began growth in mid-April and reached
peak production about 3 months after the burns,
although its productivity was reduced (Old 1969).
Becker’s (1989) research on repeat spring burning of
prairie in southwestern Minnesota also had complex
results. Five consecutive spring burns reduced cover of
Kentuckybluegrass, smooth brome, and Canada thistle
(Cirsium arvense), and native prairie species were
favored in locations near prairie remnants. However,
large patches of quackgrass (Elymus repens) persisted
and expanded slightly into areas where invading woody
species were killed, probably because quackgrass was
not actively growing at the time of the fires.

Use of fire in California grasslands demonstrates
the need for flexibility in scheduling burns to take
advantage of susceptible phenological stages. Pre-
scribed fire reduced nonnative invasive grasses (red
brome, mouse barley (Hordeum murinum), slender
oat (Avena barbata), and wild oat (Avena fatua)) and
increased native plant cover in California grasslands
if it was applied just before the invasive grasses set
seed. However, the time of seed set in these grasslands
can vary by as much as 2 months from year to year,
depending on precipitation (Meyer and Schiffman
1999). More detail on this experiment is provided in
“Burning Litter to Manipulate Species Composition”
below. Thus monitoring of grass phenology and flex-
ibility in management are both needed to use fire ef-
fectively. Flexibility and detailed scheduling may also
be needed for use of fire in treatment areas that are
large or cover complex terrain, where plant phenology
and burning conditions may vary across the area.

If native species are sparse or low in vigor, burning
will probably not shift dominance from nonnative in-
vasives to native species, as demonstrated by pasture
restoration efforts in Iowa (Rosburg and Glenn-Lewin
1992) and studies of “abused” rangeland in southern
Nebraska (Schacht and Stubbendieck 1985).

Burning Litter to Manipulate Species Compo-
sition—Burning may stimulate fire-adapted native
species by removing dead stems and litter, and may
reduce nonnatives that grow well in litter. However,
thistechniqueisineffective wherelitter removal leaves
many surviving invasives or favors establishment of
new invasives.

Season-dependent success with burning to remove
litter is illustrated by research in the California
grasslands described above (Meyer and Schiffman
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1999). Initially, cover by nonnative annual grasses
was greater than 97 percent. Litter was removed by
burning and clipping/raking. Late spring burns and
fall burns significantly increased cover and diversity of
native vegetation and reduced cover and seed viability
of nonnative grasses. Neither winter burns, which were
less severe, nor partial mulch removal enhanced native
cover or reduced nonnative cover significantly. Litter
removal by fire can reduce other nonnative species,
including soft chess (Bromus hordeaceus) (Heady 1956),
cheatgrass (Evans and Young 1970, 1972; Young and
others 1972a), and medusahead (Evans and Young
1970).

The usefulness of litter removal to reduce non-
native annual grass abundance is compromised if
individual nonnatives respond with increased vigor
and fecundity in the postfire environment. Examples
from Sierra Nevada foothills and Midwestern prairie
sitesillustrate this point. At a Sierra Nevada foothills
ponderosa pine site infested with nonnative annual
grasses, a fall wildfire consumed the 1- to 2-inch (3-
to 5-cm) litter layer. Cheatgrass and soft chess were
reduced but not eliminated on burned plots; seedling
density was 16 percent of that on adjacent unburned
plots in the growing season after the fire. The reduc-
tion in annual grass density was not significant in
the second postburn growing season, however, and
by the third year the burned and unburned plots had
near equal abundance of nonnative annual grasses.
Effects on native species were not reported (Smith
1970). Whisenant and Uresk (1990) burned plots in
Badlands National Park, South Dakota, that were
dominated by Japanese brome (Bromus japonicus)
and western wheatgrass (Agropyron smithii). Burn-
ing reduced Japanese brome density and standing
crop in the first postfire growing season and favored
native grasses, but Japanese brome density returned
to preburn levels by the second growing season
as litter began to accumulate (Whisenant 1990b;
Whisenant and Uresk 1990).

While litter removal may reduce some nonnative
annual grasses, nonnative forbs with regeneration
facilitated by seed-to-soil contact often increase after
litter removal. Cutleaf filaree seeds have a twisted,
awn-like structure that forces the seed deep into the
soil as it wets and dries, thus favoring establishment
of this nonnative forb on bare soil (Bentley and Fenner
1958); germination is inhibited by a litter layer (How-
ard 1992a, FEIS review). Pickford (1932) noted a high
abundance of cutleaf filaree in the Great Salt Lake
Valley, Utah, in sagebrush and cheatgrass areas sub-
ject to frequent burning. Meyer and Schiffman (1999)
measured a tenfold increase in cutleaf filaree on late
spring burn plots in contrast to unburned control plots
in a California grassland. In creosote bush and black-
brush (Coleogyne ramosissima) communities, cutleaf
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filaree cover was greater on burned than control plots
2 to 14 years after burns (Brooks 2002; Brooks and
Matchett 2003).

Fire Combined with
Other Treatments

If invasive species are generally promoted by fire,
it does not make sense to attempt to use fire alone to
reduce them (Keeley 2006b); however, fire is some-
times effective when used in combination with other
treatments. Use of fire to deplete the seed bank, when
mature plants will be controlled by other means, is
discussed above (see “Depleting the Seed Bank by Fire-
stimulated Germination” page 50), as is use of fire to
suppress target species by litter removal. Mechanical
and herbicide treatments can be useful to prepare for
prescribed burning, especially on sites with sparse
fuels. In addition, fire can be used toincrease herbicide
efficacy, prepare for other disturbance treatments,
prepare a site forintroduction of desired native species,
and promote expansion of biocontrol organisms.

Treatments that Increase
Effectiveness of Prescribed Fire

Mechanical, cultural, and chemical treatments can
be used to increase the effectiveness of prescribed fire.
Melaleuca (Melaleuca quinquenervia) is a nonnative
tree that rapidly establishes, spreads, and eventually
dominates southeastern wetland coastal communities
and is well adapted to fire (Molnar and others 1991). A
control program in southern Florida integrates cutting
mature melaleuca, treating stumps with herbicide,
and prescribed burning 6 to 12 months later to kill
seedlings (Myers and others 2001). Complex programs
of cutting, herbicide treatment, prescribed fire, and
hand pulling have been combined to reduce French
broom and Scotch broom in California (see “Depleting
the Seed Bank by Fire-stimulated Germination” page
50). Research in the Northeastern states showed that
cutting in early summer followed by burning in late
summer prevented full recovery of nonstructural carbo-
hydrates for atleast 2 years in common buckthorn and
another nonnative woody species, Japanese barberry
(Berberis thunbergii). Growing season treatments
were more effective than dormant season treatments
(Richburg and Patterson 2003a).

Fire has been combined with grazing to restore
tallgrass prairie in Oklahoma (Fuhlendorf and Engle
2004), based on the assumption that the native plant
community evolved under a grazing-fire regime. This
study compared plant community composition on un-
burned sites with sites managed in a patchy burn pat-
tern, where one-third of the area was burned each year.
Cattle were “moderately stocked” in both treatments.
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In patch-treated areas, livestock devoted 75 percent of
their grazing time to the most recently burned area.
Treatment had little effect on native tallgrasses dur-
ing the 4 years of the study. Abundance, diversity,
and structural complexity of native forbs increased in
patch-burned areas but did not change in untreated
areas. Cover of sericea lespedeza (Lespedeza cuneata),
a nonnative invasive forb, showed no net change on
patch-burned areas butincreased steadily on unburned
areas.

Prescribed Fire to Enhance Efficacy of
Other Treatments

Burning to Increase Herbicide Efficacy —Fire
can be used to prepare a site for herbicide treatment,
and combining herbicides with prescribed fire may
reduce the amount of herbicide needed or the number
of applications required. Herbicides may be more ef-
fective after fire in part because postfire herbaceous
growth tends to be more succulent and have a less-
developed cuticle than unburned herbage, resulting
in more efficient absorption of herbicide (DiTomaso
and others 2006a). It is important to note, however,
that some herbicides cannot be applied immediately
after burning, lest charcoal bind the active ingredient
and make it unavailable for plant uptake (DiTomaso,
personal communication 2004). Burning cheatgrass
stands before emergence in preparation for apply-
ing herbicide may increase efficacy and reduce the
herbicide required for control (Vollmer and Vollmer,
personal communication 2005). DiTomaso’s (2006b)
review reports that yellow starthistle control usually
requires 3 years of prescribed burning or clopyralid
treatment when either method is used alone, but a
similar level of control can be accomplished in only
2 years when a prescribed burn is conducted in the
summer of the first year and clopyralid is applied the
following winter or early spring. Fire has been used
prior to herbicide application to enhance control of
many other invasive species, including:

e Grasses (Lehmann lovegrass (Eragrostis leh-
manniana), ripgut brome (Bromus diandrus),
medusahead, and tall fescue (Lolium arundi-
naceum)) (Rice 2005; Washburn and others
2002)

e Forbs (fennel (Foeniculum vulgare), Sahara
mustard (Brassica tournefortii), and peren-
nial pepperweed (Lepidium latifolium)) (Rice
2005)

e Shrubs and trees (Macartney rose (Rosa brac-
teata), French broom, Scotch broom, gorse (Ulex
europaeus), and tamarisk) (Gordon and Scifres
1977; Gordon and others 1982; Rice 2005)
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e Vines (Japanese honeysuckle (Lonicera
japonica) and kudzu (Pueraria montana var.
lobata)) (Rice 2005)

Some success with this approach has alsobeen reported
for controlling medusahead (Carpinelli 2005) and
squarrose knapweed (Centaurea triumfettii) (Dewey
and others 2000). However, fire did not enhance her-
bicide effectiveness for controlling spotted knapweed
(Carpenter 1986; Rice and Harrington 2005a), St.
Johnswort (Hypericum perforatum), leafy spurge
(Euphorbia esula), or Dalmatian toadflax (Linaria
dalmatica) in western Montana (Rice and Harrington
2005a) (fig. 4-2).

Figure 4-2—Mountain grassland at National Bison Range,
Montana, 3 months after April burning to assess fire effects on
Dalmatian toadflax. (A) Left side: Burn-only treatment produced
no changesin Dalmatian toadflax cover or cover of native grasses
relative to control plots. (A) Right side: Spray-only treatments
reduced Dalmatian toadflax and enhanced native grass cover.
(B) Spray-burn combination reduced Dalmatian toadflax, but
native grass cover did not increase until the second growing
season after burning. (Photos by Mick Harrington.)
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Burning has been used in the southern states to pre-
pare sites dominated by kudzu for efficient herbicide
application, and fire is also used after herbicides to
promote germination of native plants from the seed
bank and encourage kudzu seed germination; seedlings
canthenbeeliminated with herbicides (Munger 2002b,
FEIS review).

The National Park Service has been using prescribed
burning for over a decade to prepare tamarisk-invaded
sites in the Lake Mead area for herbicide treatment
(Curt Deuser, personal communication 2004). Pre-
scribed crown fires are used to consume as much
aboveground tamarisk biomass as possible; extreme
fire weather conditions are usually necessary to ini-
tiate these fires, and yet they reduce tamarisk by 10
percent or less. Within 6 to 12 months of the burn,
tamarisk sprouts are treated with low volume basal
spray, which increases mortality to over 95 percent.

Even if combinations of fire or herbicide treatments
control the target species, they may not enhance the
native plant community. Research on Santa Cruz
Island, California, found that although fire increased
the effectiveness of herbicide for reducing fennel, the
native plant community did not recover. The most
substantial change that followed herbicide treatment,
with and without fire, was an increase in other nonna-
tive forbs and nonnative annual grasses (R. Klinger,
personal communication 2006; Ogden and Rejmanek
2005).

Burning Before Flood Treatment—In wetland
management, top-killing nonnative invasives with fire
before flooding may allow water to cover sprouts, which
may in turn reduce regrowth. Bahia grass (Paspalum
notatum) was top-killed with fire in Florida wetlands,
then flooded; percent cover declined from 25 percent
before treatment to 11 percent after flooding. The time
elapsed between treatments and observations was not
reported, so success of the program is difficult to gauge
(Van Horn and others 1995).

Fire is used with flooding to restore native woody
species and animal habitat in the Bosque del Apache
National Wildlife Refuge, New Mexico. Friederici(1995)
reports that late summer burning followed by flooding
reduced tamarisk. Taylor and McDaniel (1998a) de-
scribe combinations ofherbicide treatment, mechanical
removal, and burning thatkilled or top-killed tamarisk
and disposed of residual biomass. Planting of native
tree and shrub species on treated sites met with lim-
ited success, but natural recruitment of natives was
very successful in areas flood-irrigated after tamarisk
removal. These changes in habitat composition and
structure were accompanied by increases in animal
diversity: During the 5 years following treatment, the
number of bird, small mammal, and reptile/amphibian
species increased in the restored area.
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Burning Before Seeding or Planting—Burning
may be used to prepare a site dominated by nonnative
invasive species for planting desired species. This ap-
proach has met with success in grasslands, especially
those with deep litter. In the central Great Plains,
herbicides were applied in the fall to a mixedgrass
prairieinfested with leafy spurge, Kentucky bluegrass,
and smooth brome. Residual litter was burned the fol-
lowing spring, and native tallgrasses (big bluestem,
indiangrass, and switchgrass) were then drill seeded.
Nonnative grasses declined and native tallgrass pro-
duction increased following these treatments. Where
native tallgrass productivity was high, leafy spurge
productivity was reduced. Litter removal by burning
was considered an important part of the treatment,
although results were not compared to an unburned
control (Masters and Nissen 1998; Masters and others
1996).

Burning cheatgrass in sagebrush steppe has proven
useful in preparation for seeding of desired grass
species (Rasmussen 1994). Seeded perennial grasses
established successfully after summer burning of
cheatgrass-infested rangeland in the Palouse of eastern
Washington. Burning reduced the cheatgrass seed crop
and facilitated soil contact by planted native seeds.
Cheatgrass seedlings emerged (90 stems/m?) along with
the desired perennial grasses, but cheatgrass density
was less than on untreated sites or sites treated with
herbicide or disking (all more than 170 stems/m?).
Fall herbicide application on burned sites reduced
cheatgrass seedling density to less than 40 stems/m?
(Haferkamp and others 1987).

The success of burning/seeding programs is limited
if seed from target species is abundant adjacent to
treated areas (Maret and Wilson 2000).

Burning to Enhance Biocontrol Efficacy—A
recurring theme in this volume is the importance of
managing for desired conditions or species as well as
managing against invasives that have negative im-
pacts on the ecosystem. Desired species may include
introduced biological control agents already present
on a site.

Prescribed fire may seem incompatible with use of
biocontrol agents, especially insects; however, inte-
gration of knowledge about the invasive species, the
biocontrol agent, and the fire regime may lead to a suc-
cessful management program (Briese 1996) (fig. 4-3).
Many factors listed in figure 4-3 have already been
considered in this chapter, but some merit specific
discussion here: The scale and uniformity of burns
are important because they influence the availability
of refugia for biocontrol agents and the ability of the
biocontrol agent to recolonize the burned area. Fire
season and frequency may need adjustment to ac-
commodate the life cycle and reproductive capacity of
the control agent. If the biocontrol agent passes some
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Figure 4-3—Interactions that need to be considered for management combining fire and biocon-

trol. (Adapted from Briese 1996.)

of its life cycle in a protected location (for example,
root-boring larvae), the protected phase may provide
a good season for burning. High-intensity wildfires
in western Montana did not eliminate populations
of Agapeta zoegana, a biocontrol agent that feeds on
roots of spotted knapweed and has been introduced in
many locations in western Montana (Sturdevant and
Dewey 2002). Briese (1996) suggests that ‘r-selected’
biocontrol agents could be preferable to ‘K-selected’
agents if burning is planned, since the former could
rapidly establish and increase after fire and would be
more likely to have an impact on target plant density
before another burn.

Research on grasslands in North Dakota demon-
strates successful use of prescribed fire during seasons
when abiocontrol agent is below ground. Areasinvaded
by leafy spurge were burned in mid-October and mid-
May before the introduction ofleafy spurge flea beetles
(Aphthona nigriscutis). The beetles established success-
fully on 83 percent of burned plots, more than twice
the establishment rate on unburned plots—possibly
because litter removal favored establishment. Plots
where fleabeetle colonies established were then burned
again in mid-October or mid-May. The adults were not
active and juveniles were below ground at the time of
both burns, and beetle populations were not affected.
No reduction in leafy spurge density was attributed
to the flea beetles in this short-term, small-plot study,
but alarge release of the beetles in a different area led
to reduction of leafy spurge. The authors caution that
spring burns of established colonies must be timed to
allow leafy spurge regrowth before adult beetles emerge
and need a food source (Fellows and Newton 1999).
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Altering Fire Severity, Uniformity,
Extent, and Frequency to Control
Nonnative Invasive Plants

Thus far, this chapter has mentioned several aspects
of the fire regime, but only seasonality of burning is
discussed in detail (see “Prescribed Burning to De-
plete Carbohydrate Reserves” page 51 and “Taking
Advantage of Varying Plant Phenology” page 52). This
section addresses several other aspects of fire regimes
in relation to use of fire to control populations of non-
native invasive plants.

Prescribed Fire Severity and Uniformity in
Relation to Season

Severity of prescribed fire varies with fuel moisture,
which varies with season. For example, spring fires
were too patchy to reduce density or cover of Scotch
broom thickets in western Washington because grass
cover was sparse and fuel moisture was high, whereas
fall fires burned more continuously, produced higher
maximum temperatures, and reduced Scotch broom
significantly (Tveten and Fonda 1999). As mentioned
in “Depleting the Seed Bank by Fire-stimulated Ger-
mination” (pg. 50), summer may be the optimal time
to burn Scotch broom because seedlings germinating
after fire will be exposed to harsh, dry conditions,
increasing mortality.

The severity of fire prescribed for tamarisk control
may also vary with season. One year after July burns
on the Ouray National Wildlife Refuge, northeastern
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Utah, 64 percent of tamarisk plants failed to sprout.
Significantly fewer tamarisk plants were killed by
September and October treatments, ranging from 4
to 9 percent. Fuels were drier and wind speeds were
lower during the July burns than during fall burns
(Howard and others 1983), possibly contributing to
greater fire residence time and thus greater severity
in July burns.

Prescribed Fire Severity and Uniformity in
Relation to Fuel Beds

Some invasive forbs and trees reduce the amount and
continuity of fine surface fuels and thus may reduce
the ability of fires to spread, limit the time available
for prescribed burning, or reduce fire severity. In a
management review, Glass (1991) comments that
two nonnative invasive forbs, cutleaf and common
teasel (Dipsacus laciniatus and D. sylvestris), can be
controlled in sparse, open grasslands by late spring
burns. After teasel cover becomes dense, however, fire
does not carry well so other treatments are needed —
though they can perhaps be combined with fire. In
western Montana, a discontinuous, nonuniform fuel
bed forms as spotted knapweed density increases and
displaces fine grasses. The coarse knapweed stems
do not carry fire well under mild weather conditions,
so the range of conditions that will produce effective

but safe burns is narrow in knapweed-infested sites
(Xanthopoulos 1986) (fig. 4-4). Some invasive woody
species also reduce fine fuels. For example, beneath the
canopy of Brazilian pepper (Schinus terebinthifolius),
a nonnative invasive shrub-tree in Florida, grasses—
and hence fine fuels—decrease as the plants increase
in size. Doren and Whiteaker (1990) found that small
Brazilian pepper plants with heavy grass fuel accumu-
lations could be killed or severely retarded in growth
by repeated biennial spring burning, but larger plants
on sites with less grassy fuel either recovered rapidly
from less severe burning or did not burn at all.
Numerous techniques have been used for increas-
ing fine fuels to make prescribed burning feasible
or increase its effectiveness. These include adding
dead fine fuels to a site, cutting or mowing, planting
noninvasive annual grasses, deferring grazing, and
using herbicides to increase dead fuels. In Illinois
prairies being converted from dominance by invasive
cool-season grasses and forbs to native prairie spe-
cies, Schramm (1978) recommends adding dry straw
to facilitate spread of spring fires the first year after
seeding. A common practice for reducing Scotch broom
and French broom in the West is to cut the mature
stems and let them cure prior to burning, thus increas-
ing fire severity to discourage postfire sprouting and
encourage germination from the soil seed bank (see

Figure 4-4—Fall prescribed burn in a mountain grassland in western Montana follow-
ing herbicide treatment to reduce spotted knapweed. Due to low wind speeds, fire did
not spread readily, as indicated by short flame lengths and patchy burn pattern. (Photo
by Mick Harrington.)
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“Depleting the Seed Bank by Fire-stimulated Germi-
nation” page 50). Boyd (1995) found that cut fuels in
a site dominated by French broom in California were
sufficient for one burn, but fine fuels were insufficient
to fuel a second burn severe enough to kill broom
resprouts and seedlings. Introduction of two annual
grasses (soft chess and rattail sixweeks grass (Vulpia
myuros)) increased fuels and effectiveness of fire. A
previous seeding of grain barley (Hordeum vulgare)
to increase fine fuel had failed to establish.

Litter and standing dead biomass must be present in
a burned area before it can be reburned successfully.
Inrangelands, deferral of grazing can increase the fuel
load and thus the heat produced by burning (George
1992; Rice 2005). In ecosystems where productivity is
low, either due to site conditions or fluctuating weather
patterns, several years’ growth may be needed for ac-
cumulation of enough litter and dead fuel to carry an
effective fire. Young and others (1972b) initially burned
medusahead stands near Alturas, California, using a
backing fire. Less litter and increased poverty weed
(Iva axillaris), anative subshrub with succulentleaves,
prevented second- and third-year fires from carrying
with backfires and necessitated use of head fires. The
three annual burns did not reduce medusahead.

Extent and Uniformity of Burns

Treatments to reduce nonnative invasive plants
generally must cover a large enough area to prevent
immediate re-establishment of the invasive. Many
invasive species annually produce copious amounts
of easily-dispersed seed (Bryson and Carter 2004).
Such species cannot be eradicated from a small area
if a propagule source is nearby. Thus fire size, uni-
form severity, and the condition of adjacent areas
are important considerations. Research in sagebrush
grasslands (Young and Evans 1978) and creosote bush
scrub communities (Brooks 2002) demonstrates how
spatial variation in fuels and fire severity can limit the
effectiveness of fire for controlling nonnative invasive
annual grasses (see details under “Destroying Seedsin
the Litter and Soil” page 50). In Sierra Nevada forests,
management strategies to reduce postfire invasion
by nonnative species into fire-created gaps include
elimination of nonnative seed sources from roadsides
and other disturbed areas adjacent to burn sites and
increasing the size of prescribed burns to increase the
distance from seed sources (Keeley 2001).

Another issue related to the size and uniformity of
burns is the regenerative capacity of desired native
species: Can they establish in a treated area rapidly
enough to attain dominance before the target invasive
speciesre-establishes orisreplaced by otherinvasives?
Ogden and Rejmanek (2005) compared small- and
large-scale treatments to restore grasslands on Santa
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Cruz Island, California. Fire-herbicide treatments at
both scales reduced fennel but also led to substantial
increases in nonnative invasive grasses (oats (Avena
spp.), soft chess, Italian ryegrass (Lolium multiflorum),
mouse barley, and ripgut brome). In the small-scale
treatments, native species increased in cover and di-
versity, but this effect did not occur in the large-scale
study site—probably because the small-scale plots
were embedded in a more diverse plant community
and, because of a higher ratio of edge to treated area,
natives could spread readily into the treated area.

Fire Frequency

Where invasive species are susceptible to fire, a
single burn usually only provides short-term control
followed by recovery of the invasive in subsequent
growing seasons or invasion by other undesired spe-
cies (Rice 2005). Repeated burning is usually needed
to sustain dominance of native species and suppression
of invasives—a pattern that is not surprising in na-
tive communities that evolved with frequent fire. For
example, one-time burning provided only short-term
control of nonnative cool-season grasses in mixedgrass
prairie in South Dakota (Whisenant and Bulsiewicz
1986), and of spotted knapweed in prairie remnants in
Michigan (Emery and Gross 2005). In contrast, frequent
burning oftallgrass prairie reduced abundance of non-
native cool-season grasses while stimulating native
warm-season grasses (Smith and Knapp 1999, 2001;
Svedarsky and others 1986). Parsons and Stohlgren
(1989)found that repeated spring and fall fires reduced
the diversity and dominance of nonnative invasive
grasses in Sierra Nevada foothills grasslands, but this
effect lasted less than 2 years. “Prescribed Burning
to Deplete Carbohydrate Reserves” (pg. 51) presents
some examples of the use of repeated burns to control
nonnative invasive woody species.

Even where a plant community seems adapted to
frequent fire, fuels maynot accumulate rapidly enough
to support fires frequent enough, severe enough, or
uniform enough to accomplish management objectives.
An example comes from California grasslands domi-
nated by nonnative annual grasses, where DiTomaso
and others (2001) conducted late spring burns for two
consecutive years to reduce barbed goatgrass. The first
burn was complete on all study sites, but fuels were too
sparse to support a complete second burn on two of the
three sites. Control of barbed goatgrass after the second
burn was proportional to the completeness of the burns;
a burn that covered about half of one study site did not
reduce barbed goatgrass cover at all (fig. 4-5).

High-frequency burning, even in ecosystems with
short presettlement fire-return intervals, mayincrease
the likelihood of new invasions, cause unwanted ero-
sion, or reduce desired native species. DiTomaso’s
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Figure 4-5—Relationship between completeness of burn and
control (percent reduction in cover) of barbed goatgrass in a
California grassland. (Adapted with permission from DiTomaso
and others 2001, California Agriculture 55(6):47-53; copyright
UC Regents 2001.)

(2006b) review notes that repeated burning may
accelerate establishment and spread of invasive spe-
cies not targeted by the original treatment, especially
producers of abundant windblown seed. Repeated
burning also exposes the soil to repeated heating and
postfire raindrop impact, increasing the risk of erosion
(Brooks and others 2004). In western Washington, 50
years of annual broadcast burning converted a com-
munity dominated by native perennial bunchgrasses,
especially Idaho fescue (Festuca idahoensis), to one
dominated by nonnativeinvasive grasses and forbs. On
the other hand, fire exclusion allowed woody species,
including the nonnative Scotch broom, to establish and
persist (Tveten and Fonda 1999). A northern prairie
grassland in the aspen parkland of east-central Alberta
was burned each spring for at least 24 years. Annual
burning significantly reduced smooth brome cover,
but native rough fescue (Festuca altaica) cover was
also 50 percent lower, and several other native cool-
season grasses declined under this regime (Anderson
and Bailey 1980). These results suggest that burn-
ing with variable frequency should be considered for
controlling nonnatives and promoting native species.
Variable fire-return intervals no doubt characterized
many historic fire regimes and may be important for
maintaining desired plant community composition
and structure (Wills 2000).

In ecosystems that have not evolved with frequent
fire, fire-return intervals short enough to suppress
one nonnative invasive species may favor another
or may cause other negative impacts. For example,
multiple burn treatments are likely to select against
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native animals that have young at the time of burning
(DiTomaso 1997). Keeley (2001) observes that frequent
understory burns could reduce nonnative bull thistle
(Cirsium vulgare) in ponderosa pine forests of the
Sierra Nevada, but they would also severely reduce
ponderosa pine seedlings. For prescribed fire to control
Scotch broom effectively in Oregon white oak (Quercus
garryana) woodlands, it must be applied frequently
enough to prevent fuel buildup but not so frequently
that nonnative herbaceous species are favored over
native species (Zouhar 2005a).

Management of a Human
Process: Constraints on
Use of Prescribed Fire

Prescribed fire can be used to control some invasions
by nonnative plant species, especially when integrated
with other control methods in a long-term program.
Fire is often seen as a means of treating a large area
in a cost effective manner (Minnich 2006). However,
use of fire is accompanied by concerns about safety and
effects on other resources. The political and logistical
obstacles to use of fire are not necessarily related to
the objective. Responsibilities for safety and protection
of property apply to use of fire for any purpose, and
these challenges have been discussed by many authors.
Minnich (2006) presents a thorough discussion of issues
in regard to using prescribed fire for invasive species
control, summarized here.

Any group or agency using prescribed fire is respon-
sible for safety and protection of property. Operational
challenges include staffing with a qualified program
coordinator and fire manager, completing agreements
with partners, and obtaining necessary training and
equipment. Other obstacles include

e Restrictions on allowable burn area or season
due to smoke impacts

e Lack of a suitable time window for completing
the burn

e Opposition from neighbors and the commu-
nity

e Unwillingness of employees to assume addi-
tional work or responsibility

e Lack of commitment at higher levels of an
organization

e Lack of support from regulatory agencies

Use of prescribed fire may also conflict with other
management needs or resource objectives, another
issue not unique to use of fire to control invasive spe-
cies. While the optimum time for a prescribed burn
may be summer or fall, resources may be unavailable
during these seasons due to wildfire activity, competing
projects, or limited funds (Minnich 2006).
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A common ecosystem-related problem is that timing
of burns interferes with wildlife needs. DiTomaso
(1997) notes that fire’s potential impact on small ani-
mals and insects may be the most overlooked risk of
burning. Spring burningis prohibited on many wildlife
refuges because ofimpacts on nesting birds (Rice 2005).
Illinois grasslands, for example, can be burned from
mid-March to mid-April, but after that, burning may
disrupt nesting birds and cause mortality to reptiles
(Schramm 1978). The author’s description of the dif-
ficulty of accomplishing a successful burn within a
limited time is apt. One must be “poised and ready to
burn at the proper moment” since usually there is only
one chance for a “good” burn. In some areas, such as
bush honeysuckle and buckthorn stands, nonnative
species have formed dense monospecific communities
that native songbirds now depend upon. In such cases,
the nonnative species may need to be removed incre-
mentally, in coordination with restoration of native
shrubs, to provide continuous nesting habitat (Whelan
and Dilger 1992). These few examples demonstrate
the importance of developing clear objectives regard-
ing nonnative invasive species and integrating all
management programs to meet management goals.

Conclusions

To determine if fire can be used to reduce invasions
by nonnative species, precise knowledge of invasive
plant morphology, phenology, and life history must
be combined with knowledge of the invaded site, its
community composition, condition, and fire regime.
Nonnative species that survive and/or reproduce
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successfully in burned areas are not likely to be sup-
pressed by fire alone unless some aspect of the fire
regime (usually season, frequency, or severity) can be
manipulated to stress the nonnative without stressing
thenative species. This kind of treatment is most likely
to succeed in ecosystems where the native plant com-
munity responds well to fire. Burning has been used
with some success in grasslands and to prepare a site
dominated by nonnative invasive species for planting
of desired species.

It is possible to combine fire with other treatments
to reduce plant invasions. In wetlands of Florida and
riparian areas of the Southwest, fire has been used to
top-kill nonnative species before flooding, a treatment
combination that may reduce bahia grassin Florida and
tamarisk in New Mexico. Fire has been used to prepare
invaded sites for herbicide treatment, and herbicides
have been used before fire to increase dead fuels, thus
increasing fire intensity and severity. While success
has been reported with these techniques in a variety
of plant communities, there have also been failures,
and long-term studies are few. The order, number, and
timing of treatments influence success, so monitoring,
follow-up over the long term, and an adaptive approach
are essential components of a treatment program.

Treatments to reduce invasions by nonnative plants
must cover a large enough area to prevent immediate
re-establishment of the invasive. Even then, success
will likely be limited if seed from target species is
abundant adjacent to treated areas or if other condi-
tions (soil disturbance or climate change, for instance)
prevent desired native species from increasing and
dominating on treated sites.
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Fire and Nonnative Invasive Plants
in the Northeast Bioregion

Introduction

The Northeast bioregion extends from Maine to
Maryland and northern Virginia, south along the
northwest slope of the Appalachians to Tennessee, and
west tothe ecotone between prairie and woodland from
Minnesota to northeastern Oklahoma. It is composed
of a wide variety of landforms and vegetation types.
Elevation ranges from sealevel along the Atlantic coast,
to 243 to 600 feet (74 to 183 m) at the Great Lakes, to
over 6,000 feet (1,800 m) in the northern Appalachian
Mountains.

Much of the native vegetation in the Northeast
bioregion was historically closed-canopy coniferous and
deciduous forest. Coniferous forests are characterized
by spruce (Picea spp.) and balsam fir (Abies balsamea)
in the north and by eastern white, red, pitch, and jack
pines (Pinus strobus, P. resinosa, P. rigida, P. banksi-
ana)inthenortheastern coastal and Great Lakes areas.
Deciduous forests in the northern part of the bioregion
include those dominated by maple (Acer spp.), Ameri-
can beech (Fagus grandifolia), and birch (Betula spp.),
others dominated by aspen (Populus spp.) and birch,
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others dominated by oak (Quercus spp.), and lowland
and riparian forests dominated by elm (Ulmus spp.),
ash (Fraxinus spp.), and cottonwood (Populus spp.).
In the central and southern portions of the bioregion,
oak and hickory (Carya spp.) are codominant species.
Scattered stands of mixed oak and pine become more
common toward the transition zone between oak-
hickory and southern pine forests. Oak savannas,
barrens, and tallgrass prairie remnants occur in the
transitional area between eastern deciduous forests
and central prairie and in other isolated locations.
Early successional grasslands and woodlands occur
in scattered areas and on abandoned farm land (old
fields) (Garrison and others 1977; Smith and others
2001). Stands of eastern white pine often occupy former
agricultural fields.

Fire History in the Northeast Bioregion

Information on fire history and fire regimes in the
Northeast bioregion is given here and within sections
on general plant communities to provide a context
in which to discuss relationships between fire and
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nonnative invasive plant species. This information is
derived largely from literature reviews, such as those
in Brown and Smith (2000), except where otherwise
indicated.

Innortheastern plant communities, natural stand-
replacing disturbances are more often caused by hur-
ricanes, catastrophic wind events (Dey 2002a), and
ice storms (for example, see Fahey and Reiners 1981)
than by fire. However, fire has played a role in shap-
ing the structure and composition of the vegetation
inmany areas. Fire has been arecurring disturbance
in parts of the Northeast bioregion both before and
after European settlement (Cronon 1983; Patterson
and Sassaman 1988). At the landscape scale, there
was substantial heterogeneity in fire regimes, and
the relative evolutionary importance of fire varies
among plant communities (Wade and others 2000).
While estimates of presettlement fire regimes are
difficult to confirm (Clark and Royall 1996), recent
attempts have been made for vegetation types in
the Northeast bioregion as part of the nationwide
LANDFIRE Rapid Assessment (2005¢). Evidence in-
dicates that some northeastern communities burned
moreregularly than others (Parshall and Foster 2002).
In general, fire regimes varied from almost no fires
in beech-maple forests; to infrequent, high-severity,
stand-replacement fires in northern coniferous forests
dominated by spruce and fir; to frequent surface fires
in oak-hickory forests, savannas, barrens, and prairie
remnants (Wade and others 2000).

Lightning-caused fires are rare in the Northeast
bioregion (Ruffner and Abrams 1998). People have
been and continue to be the primary source of ignition
(Leete 1938; Wade and others 2000). Before European
contact, Native Americans used fire to manage land-
scapes for hunting, gathering, agriculture, and travel
(Cronon 1983; Day 1953; Delcourt and Delcourt 1997;
Dey 2002a; Pyne 1982a), and fire frequency was corre-
lated with Native American occupancy. Fires continued
to occur after European settlement and were ignited
purposely and accidentally by both settlers and na-
tives. The frequency and extent varied spatially and
temporally based on factors such as topography, fuel
loads, population levels, land use and fragmentation,
and cultural values (for example, see Dey and Guyette
2000; Guyette and others 2002, 2003).

Fire exclusion efforts in the 20™ century reduced
fire frequency and extent in many fire-adapted plant
communities (Shumway and others 2001; Sutherland
1997). On the New England sandplains, for example,
several large fires occurred in the early 1900s but
relatively few fires have occurred since, and these have
been of smaller extent, due in part to suppression ac-
tivities (Motzkin and others 1996). As forest succession
and fire exclusion have proceeded, early-successional
habitatshavebeenreduced, and oak-dominated forests
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are gradually being replaced by forest dominated by a
mix of maples and beech (review by Artman and others
2005). In an old-growth forest in western Maryland,
for example, the overstory is currently dominated by
oaks, but the recruitment layer has shifted from oaks
tomaple and birch; this shift corresponds with alack of
major fires since 1930 (Shumway and others 2001).

Since the 1980s, the Northeast bioregion has seen
increasing use of fire as a management tool. In the last
10 years, prescribed fire, alone or in combination with
silvicultural treatments, hasbeen advocated torestore
presettlement fire regimes or reference conditions in
the Northeast bioregion, particularly in savannas and
oak-dominated forests (Brose and others 2001; Healy
and McShea 2002; Lorimer 1993; Van Lear and Watt
1993). Today prescribed burns are used routinely
on public lands and lands managed by The Nature
Conservancy for hazard fuel reduction, maintenance
of fire-adapted ecosystems, promotion of oak regen-
eration, restoration of savannas, retention of early
successional vegetation for breeding birds (reviews by,
Artman and others 2005; Mitchell and Malecki 2003;
Vickery and others 2005), and protection of rare plants
(for example, see Arabas 2000; Patterson and others
2005; Trammell and others 2004). Burning may be
a useful tool to aid in American chestnut (Castanea
dentata) recovery in eastern oak forests (McCament
and McCarthy 2005).

The actual use of prescribed fire, however, has been
limited, and the spatial extent of burning has been
relatively small. Nearly 70 percent of forest land in the
region is owned by non-industrial private landowners
(Smith and others 2001) who seldom use prescribed
fire (Artman and others 2005). However, several states
(for example, Ohio, Virginia, and North Carolina) have
initiated programs to certify public land managers
and private citizens in the use of prescribed burns.
Thus prescribed burning may be used more frequently
on private lands in the future (Artman and others
2005).

Nonnative Plants in the
Northeast Bioregion

Current and presettlement vegetation types may
have little in common in the Northeast bioregion
because most forests were harvested or cleared for
agriculture by the early 20 century. European set-
tlers vastly increased the amount of open grassland
and introduced many species of nonnative grasses,
forbs, and shrubs to the bioregion. Many nonnative
plants were introduced as contaminants in crop seed
or other imported products, while others were intro-
duced intentionally for agricultural and horticultural
purposes. Most plant community types in this bioregion
are invaded by nonnative plants in some areas, and
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the spread of these species is an increasing problem
today (Mehrhoffand others 2003; Richburg and others
2001).

Most large infestations of nonnative species occur
in or near settled areas, agricultural lands, roads and
trails, or on public lands where they were deliberately
introduced (for example, see Barton and others 2004;
Ebinger and McClain 1996). “Conservation plantings”
previously advocated by federal agencies (Knopf and
others 1988)included invasive species such asJapanese
barberry (Berberis thunbergii), multiflora rose (Rosa
multiflora),autumn-olive (Elaeagnus umbellata), bush
honeysuckles (Lonicera spp.), and buckthorns (glossy,
Frangula alnus, and common, Rhamnus cathartica).
Relatively fewer infestations occur in remote, upland
natural areas; however, spread of several nonnative
species into more remote areas is facilitated by ongo-
ing development, propagule dispersal along roads,
rivers, and other corridors (Barton and others 2004;
Buckley and others 2003; Lundgren and others 2004),
and especially seed dispersal by birds (for example,
see White and Stiles 1992). Many invasive shrubs
and vines in the Northeast have bird-dispersed
seed (Mack 1996) (fig. 5-1). Nonnative plant species
recorded from traps, feces, feeding observations or
stomach contents of birds in a study in New Jersey
include Japanese barberry, multiflora rose, Oriental
bittersweet (Celastrus orbiculatus), winged euonymus
(Euonymus alatus), common buckthorn, European
privet (Ligustrum vulgare), Japanese honeysuckle
(Lonicera japonica), Amur honeysuckle (L. maackii),
and Tatarian honeysuckle (L. tatarica) (White and
Stiles 1992). Additionally, efforts to assist native wild
turkey recovery in the Northeast bioregion include

Figure 5-1—Glossy buckthorn fruits are bird-dispersed and
sometimes taken deep into the shady forest (Bradley, Maine).
(Photo by Alison C. Dibble.)
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planting nonnative honeysuckles (Lonicera spp.) and
Oriental bittersweet, seeds of which are subsequently
dispersed by wild turkeys (Poole, personal communica-
tion 2005).

Interactions of Fire and Invasive
Plants in the Northeast Bioregion

Managers in the Northeast share with other biore-
gions a concern about the interactions of fire and
invasive species. With increasing use of prescribed
fire for a variety of management objectives, managers
need information on the effects of fire on nonnative
plants present in areas to be burned, and on the po-
tential establishment and spread of those plants in
the postfire environment.

Ofparticular concernin the northeast are the effects
of nonnative plants on fuel characteristics. Changesin
fire regimes due to the presence of nonnative invasive
plants in the Northeast bioregion were discussed by
Richburg and others (2001), but this topic has otherwise
received little attention in the scientific literature,
and data are insufficient for making generalizations.
Observations and data from other bioregions indicate
that changes in fuel characteristics brought about by
nonnative species invasions can lead to changesin fire
behavior and alter fire regime characteristics such as
frequency, intensity, extent, type, and seasonality of
fire, and thus impact native plant and animal com-
munities (chapter 3). Invaded forest communities in
the Northeast studied by Dibble and others (2003)
and Dibble and Rees (2005) often had substantially
higher cover of shrubs than uninvaded communities,
resulting in increased height and density of surface
fuels and suggesting an increased potential for fire to
carry into the tree canopy. Additionally, the authors
found higher percent cover of nonnative grasses on
several invaded forest sites. If nonnative grasses dif-
fer in fuel loading, spatial distribution, phenology, or
other characteristics from desired native understory
species, they may affect fire frequency and seasonal
burning window (Dibble and others 2003; Dibble and
Rees 2005). Heat content, measured in the cone calo-
rimeter for 42 plant species, differed between some
native and nonnative invasive plants found in the
Northeast bioregion, with no trend exclusive to one or
the other group. For example, plants of fire-adapted
ecosystems including black huckleberry (Gaylussacia
baccata), pitch pine, bear oak (Quercus ilicifolia), bar-
berry (Berberis spp.), and reindeer lichen (Cladonia
spp.) had especially high heat content while nonnatives
black locust (Robinia pseudoacacia), Norway maple
(Acer platanoides), Japanese stiltgrass (Microstegium
vimineum), sheep sorrel (Rumex acetosella), and glossy
buckthorn (Frangula alnus) had low heat content
(Dibble and others 2007).
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There is growing interest in use of prescribed burn-
ing to control nonnative invasive plants (Bennett and
others 2003); however, little is known about the effects
of fire on nonnative invasives in this bioregion. Ad-
ditionally, the use of prescribed fire in the Northeast
is constrained by a highly reticulated wildland urban
interface (WUI)in which the human populationis high,
and habitat fragmentation and new development are
proceeding at a rapid pace. Prescribed burning in the
Northeast is also difficult because it can be too moist
and cool in most years for prescribed fires to carry
or be effective. Additionally, policy restricts use of
prescribed fire to particular seasons in many areas.
For example, on Nantucket Island, Massachusetts,
prescribed fires can only be conducted during the
dormant season between October and April (personal
communication cited in Vickery and others 2005), de-
spite the fact that growing-season burns are probably
more effective for controlling shrubs (Richburg 2005;
Rudnicky and others 1997). Use of fire for controlling
invasive plants is most effective when combined with
other control methods (Bennett and others 2003).

Inthis chapter, we review the available literature on
the interactions between fire and nonnative invasive
plants in seven broad vegetation types in the North-
east bioregion: deciduous forest, coniferous forest,
mixed forest, grasslands and early successional old

fields, fresh wetland, tidal wetland, and riparian zone
(fig. 5-2). Established vegetation classifications were
not used because the limited data and literature avail-
able on fire and invasives in the Northeast bioregion
makes using more specific classifications unrealistic.
A brief description of the vegetation, presettlement
fire regimes, and management issues is presented
for each vegetation type. Consult Wade and others
(2000) and Duchesne and Hawkes (2000) for greater
detail about presettlement fire regimes and fire man-
agement considerations in the absence of nonnative
invasive plants. The role of fire and/or fire exclusion
in promoting nonnative plant invasions, fire regime
changes brought about by nonnative plant invasions,
and use of fire to control nonnative invasive species
is discussed for each vegetation type. The focus is on
nonnative species of concern for which some informa-
tion is available regarding their relationship to fire or
their response to other disturbances (table 5-1). This
is only a subset of problematic nonnative species in
the Northeast bioregion; many nonnatives of concern
were excluded from this discussion due to lack of in-
formation. Interactions of fire and invasive plants can
vary by species, vegetation type, and location, so the
information presented in this chapter must be adapted
for site-specific applications.

- Deciduous forest
| Coniferous forest
- Mixed forest

Grassland

Figure 5-2—Approximate distribution of broad vegetation types in the Northeast bioregion. Riparian
areas, wetlands, small grassland patches, and old fields are not shown. (Adapted from Garrison and

others 1977.)
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Forests

Nonnative invasive plants, insects, and pathogens
pose a significant threat to forest integrity in eastern
North America, especially in conjunction with for-
est fragmentation and climate change (Luken 2003;
Vitousek and others 1997). In pre-colonial times,
inland vegetation in the Northeast bioregion was
probably dominated by forests with closed canopies
and an accumulation of organic matter on the for-
est floor. These forests had relatively small areas of
edge habitat resulting from disturbances such as the
death of a large tree, severe storm damage, or fire
(Marks 1974, 1983). These openings succeeded rap-
idly to thickets, young woodland and, in less than a
century, forest (Marks 1974). While relatively stable,
largely undisturbed forests in the Northeast can be
susceptible to establishment and persistence of some
shade-tolerant nonnative species such as Japanese
stiltgrass, Japanese barberry, privets (Ligustrum
spp.), bush honeysuckles, Japanese honeysuckle, and
Norway maple (Brothers and Spingarn 1992; Ehrenfeld
1997; Fraver 1994; McCarthy 1997; Webb and others
2000). These forests tend to resist invasion by other
nonnative plants (Auclair and Cottam 1971; Barton
and others 2004; Fraver 1994).

Many nonnatives are restricted to edges and dis-
turbed patches within forests, such as travel corridors
including firelanes (Patterson and others 2005), recre-
ation areas (Pyle 1995), sites associated with timber
harvest (Buckley and others 2003; Lundgren and others
2004), and areasimpacted by severe storm damage (for
example, see Taverna and others 2005). These edges
and patches typically have a higher abundance of non-
native plant species than forestinteriors (Ambrose and
Bratton 1990; Brothers and Spingarn 1992; Fraver
1994; Hunter and Mattice 2002; Ranney and others
1981; Robertson and others 1994). Nonnative species
that thrive in and can quickly dominate forest edge
habitat include Oriental bittersweet, porcelainberry
(Ampelopsis brevipedunculata),Japanese honeysuckle,
kudzu (Pueraria montana var. lobata), tree-of-heaven
(Ailanthus altissima), and princesstree (Brothers and
Spingarn 1992; McDonald and Urban 2006; Ranney
and others 1981; Robertson and others 1994; Saunders
and others 1991; Williams 1993). Edges may function
as “safe sites” for nonnative invasives, where they can
establish, reproduce, and disperse to additional loca-
tions including the forest interior (Fraver 1994).

Invasibility of a particular forest site is strongly
influenced by its disturbance history, fragmentation
ofthe surrounding landscape, and spatial relationship
to propagule sources. Widespread forest clearing for
agricultural land use and subsequent abandonment
have resulted in secondary forest sites that contain
many nonnative plants and propagules (for example,
Ashton and others 2005; Bellemare and others 2002;
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Fike and Niering 1999; Vankat and Snyder 1991).
Contemporary forested natural areas and preserves
may be an assemblage of forest remnants, abandoned
agricultural fields in later stages of succession, wood-
lots, and streamside corridors embedded in an agri-
cultural and suburban matrix, producing substantial
edge habitat (review by Robertson and others 1994).
Gaps and edge habitat in northeastern forests are also
created by extensive die-off of important canopy trees
such as happened with chestnut blight (Cryphonectria
parasitica)(Myers and others 2004) and Dutch elm dis-
ease (Ophiostoma ulmi). In canopy gaps resulting from
high mortality of eastern hemlock (T'suga canadensis)
from the nonnative hemlock wooly adelgid (Adelges
tsugae), several nonnative species had high cover; these
included Japanese stiltgrass, Oriental bittersweet,
Japanese barberry, and tree-of-heaven (Orwig and
Foster 1998). Similarly, canopy gaps created by wild
or prescribed fire could provide seed beds and edge
habitat for nonnative invasive populations, although
little research is available on this topic. Propagule
pressure from existing nonnative invasive populations,
coupled with establishment opportunities provided by
ongoing disturbances and forest fragmentation, will
likely lead to continued spread of these species.

Deciduous and Mixed Forests
Background

Two major deciduous forest types in the Northeast
bioregion include the maple-beech-birch and oak-
hickory ecosystems described by Garrison and others
(1977). These types are treated separately here based
on differences in fire ecology. The mixed forest type
described below is typically dominated by oaks and
pines, especially northern red oak and eastern white
pine. Maples, birches, beech, and hemlock are common
associates.

Maple-beech-birch Forests—Vegetation in this
ecosystem includes northern hardwood forests; south-
ward it transitions into mixed mesophytic hardwoods,
as discussed by Wade and others (2000). The northern
hardwoods occur on mesic and fire protected sites
in the Lake States and farther east. The dominant
hardwood species include sugar maple, yellow birch
(Betula alleghaniensis), American beech (Fagus
grandifolia), and basswood (Tilia americana) in the
Midwest. Northern hardwoods mix with boreal spruce
(including Picea glauca, P. mariana, and P. rubens)
and balsam fir to the northeast, and with eastern
hemlock, eastern white pine and oaks to the north,
south, and west. Mixed mesophytic hardwoods oc-
cupy the transition zone between northern hardwood
forest and oak-hickory forest, and contain a large
diversity of canopy tree species. This type transitions
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into sugar maple-beech-birch forest in northern West
Virginia, southwestern Pennsylvania, and southern
Ohio in the north, and into the oak-hickory-pine type
in northern Alabama in the south (Wade and others
2000). Dominant species include sugar maple, beech,
basswood, white oak (Quercus alba), northern red oak
(Q. rubra),buckeye (Aesculus octandra), and tulip tree
(Liriodendron tulipifera) (Kiichler 1964).

Presettlement fire regimes in eastern deciduous
forests varied among forest types. Charcoal evidence
suggests that fires were more common in mixed meso-
phyticforests thanin northern hardwood forests (Wade
and others 2000). Northern hardwood forests are not
very flammable and if fires penetrate the forest, they
tend to burn as patchy, creeping surface fires. Crown
fires are unusual in eastern deciduous forests (Lorimer
1977; Turner and Romme 1994). Fire return intervals
are estimated to exceed 1,000 years throughout the
northern hardwoods type and are estimated at 35 to
over 200 years in the mixed mesophytic type. Both types
are characterized by a mixed-severity fire regime (Wade
and others 2000); that is, if fire does occur in these
forests it would cause selective mortality in dominant
vegetation, depending on the susceptibility of differ-
ent tree species to fire (Brown 2000). Fires may have
occurred more frequently in areas that were burned
by Native Americans and where conifers occur as
substantial components of the hardwood forests (Wade
and others 2000). Although northern hardwood species
are generally thought to have little resistance to fire,
maple and birch sprout vigorously from the stump,
and beech suckers from the root system. See reviews
on individual species in the Fire Effects Information
System (FEIS) for more information on fire ecology of
dominant species in these ecosystems. Also see Wade
and others (2000) and Parshall and Foster (2002) for
more information on fire regimes in northern hardwood
and mixed mesophytic forest types.

Oak-hickory Forests and Oak Savanna—The
oak-hickory ecosystem is extensive in the Northeast
bioregion, reaching from southern Maine, southwest
along the Appalachian Highlands to the northern part
of Georgia and Alabama, and westward to the oak
savannas and central grasslands. The oak-hickory
ecosystem varies from open to closed woods with a
sparse to dense understory of shrubs, vines, and her-
baceous plants. Associated species vary with latitude
and location (Garrison and others 1977). Over three
dozen species of oak and almost two dozen species of
hickory are possiblein the overstory of this ecosystem. It
includes oak-hickory and Appalachian oak ecosystems
as described by Kiichler (1964) and becomes an oak-
hickory-pine type in the Mid-Atlantic States, including
standsthat canbe classified as mixed mesophytic forest
(Wade and others 2000). At its western extent, this
forest type grades into open oak woodlands and oak
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savannas. Oak savannas are associated with prairies
and are generally dominated by prairie grasses and
forbs, with widely spaced groves or individual trees
(review in LANDFIRE Rapid Assessment 2005a).

According to areview by Wade and others (2000), the
presettlement fire regime in the oak-hickory ecosystem
was characterized by high frequency, understory fires
often ignited by Native Americans. Presettlement
fire frequencies are not known but are estimated
between 3 and 35 years. Subsequent settlement by
Euro-Americans, who used fire for many of the same
reasons as Native Americans, increased the frequency
and extent of burning in oak-hickory forests. Fire
intervals decreased to less than 10 years, and many
sites burned annually. Frequent fire maintained open
oak-hickory woodlands with large, old, fire-resistant
trees and a groundcover of grasses and forbs. Shrubs,
understory trees, and woody debris were rare in oak-
hickory forests and savannas. Where present, erica-
ceous shrubs such as mountain laurel (Kalmia latifolia)
and rhododendron (Rhododendron spp.) could burn
with extreme fire behavior, resulting in mixed-severity
or stand-replacing fires (Wade and others 2000). Fire
regimes in oak savanna are characterized primarily
as frequent surface fires occurring at about 4-year
intervals (LANDFIRE Rapid Assessment 2005a).

Exclusion of fire has profoundly changed oak-hickory
forests and oak savannas and, in many areas, has
led to dominance by mixed mesophytic and northern
hardwood species and allowed the mid-story canopy
to close and shade out herbaceous plants (LANDFIRE
Rapid Assessment 2005a; Wade and others 2000).
Managers in Virginia note replacement of some oak-
hickory stands by maple and beech where fire has been
excluded (Gorman, personal communication 2005).

Surface fires enhance regeneration of oak and
hickory, and there has been much recent research on
use of prescribed fire to promote establishment of oak
(Boerner and others 2000a, b; Dey 2002b; Kuddes-
Fischer and Arthur 2002; Lorimer 1993; Wade and
others 2000). In upland oak-hickory forests at Quantico
Marine Base and Fort Pickett Military Reservation, fre-
quent fires associated with training activities enhance
the oak-hickory community, including an endangered
shrub, Michaux’s sumac (Rhus michauxii) (Virginia
Department of Conservation and Recreation 2005). In
areas where fire has been excluded and fuel loads are
high, reintroduction of fire might need to be phased
in with a series of fuel reduction treatments.

Mixed Forests—Presettlement fire regimes in
mixed forests were characterized by a range of fire
frequencies and fire severities. Estimates given by
Wade and others (2000) for mixed forest types range
from understory fires with return intervals of less
than 10 years in shortleaf pine-oak communities, to
mixed-severity fires with return intervals between
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10 and 35 years in Virginia pine-oak communities, to
stand-replacement fires with return intervals greater
than 200 years in northern hardwoods types with com-
ponents of spruce or fir. Fire regimes for white pine-red
oak-red maple communities are thought to consist of
stand-replacement fires with return intervals of less
than 35 to 200 years (Duchesne and Hawkes 2000).

Nonnative invasive plants that threaten forests in
the Northeast bioregion are similar among deciduous
and mixed forests (table 5-1), so they are discussed
together here. Distinctions are made among forest
types where possible.

Role of Fire and Fire Exclusion in
Promoting Nonnative Plant Invasions in
Deciduous and Mixed Forests

Managers are concerned about the potential for
establishment and spread of nonnative plants after
fire. Evidence is sparse regarding postfire response
of nonnatives for northeastern deciduous and mixed
forests, although inferences may be possible based on
life history and reproductive traits (table 5-2). Species
such as Japanese honeysuckle and Oriental bitter-
sweet can persist in low numbers in the understory
and spread following canopy or soil disturbance, while
others such as tree-of-heaven may establish in open
areasvialong-distance seed dispersal. Several invasive
species (for example, tree-of-heaven, autumn-olive,
Japanese barberry, privet, honeysuckles, and kudzu)
are able to reproduce vegetatively and sprout follow-
ing top-kill. These species could spread and possibly
dominate postfire communities. While there is little
hard evidence of seed banking for invasive plants,
observations suggest that some species (for example,
princesstree, buckthorn, multiflora rose, kudzu,
ground-ivy, and Japanese stiltgrass) may establish
from the soil seed bank after fire (table 5-2). Some
invasive species (for example, common buckthorn,
bush honeysuckles) have established and spread in
areas such as oak-hickory forests and oak savannas,
where fire has been excluded from plant communities
adapted to a regime of frequent surface fires.

Many woody invasives in the Northeast bioregion
have some traits in common, including the ability
to sprout following top-kill (table 5-2). Managers at
Virginia-area national parks note that autumn-olive
sprouts following aboveground damage, and sprouts
are especially vigorous following dormant season burn-
ing in oak woodlands (Gorman, personal communica-
tion 2005; Virginia Department of Conservation and
Recreation 2002a). Similarly, at Fort Devens, Mas-
sachusetts, autumn-olive established from both root
sprouts and seedlings following a single fire (Poole, per-
sonal communication 2005). Observations indicate that
a related nonnative species, Russian-olive (Elaeagnus
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angustifolia), sprouts after fire in the Central and
Interior West bioregions (chapters 7 and 8). Russian-
olive occurs in northeastern deciduous forests but is
considered less invasive than autumn-olive in this
bioregion (Mehrhoff and others 2003). While available
literature does not describe postfire response of Norway
maple, Simpfendorfer (1989)lists it among species that
regenerate by coppicing following fire. It is also likely
that, if Norway maple saplings and seedlings survive
fire, they would respond favorably to gap formation
(Munger 2003a, FEIS review). Tree-of-heaven produces
abundant root sprouts after complete top-kill from
fire (Howard 2004a, FEIS review). Japanese barberry
sprouted after cutting and/or burning treatments in a
deciduous forest site in western Massacusetts, although
total cover of this species was reduced 2 years after
burning (Richburg 2005). Observations in a mixed
forest in northwestern Georgia indicate that Chinese
privet responds to aboveground damage from fire by
vigorously sprouting from the root crown (Faulkner
and others 1989), and an anecdotal account suggests
that Japanese privet (Ligustrum japonicum) can
“resprout following fire” (Louisiana State Univer-
sity 2001, review). Other privet species are likely to
sprout from roots and/or root crowns following fire;
however, documentation is lacking (Munger 2003c,
FEIS review). Glossy buckthorn sprouted from roots
or root crowns after wildfire in a mixed alvar woodland
near Ottawa. Sprouts were 3 to 5 feet (1 to 1.5 m) tall
after 100 days, but no prefire data were available for
comparison. Twononnative grasses, Canadabluegrass
and redtop (Agrostis gigantea), occurred in burned
areas in these studies at 22 and 18 percent frequency,
respectively (Catling and others 2001). While only
anecdotal evidence is available suggesting postfire
sprouting in multiflora rose (Virginia Department of
Conservation and Recreation 2002d), in a deciduous
forest in southeastern Ohio germination and recruit-
ment of multiflora rose was higher on open-canopy plots
and on plots treated with high-severity prescribed fire
than in control plots (Glasgow and Matlack 2007).
Some invasive vines can occur in the forest under-
story in small numbers and spread via vegetative
regeneration or recruitment from the soil seed bank
following disturbance. Oriental bittersweet and Japa-
nese honeysuckle often occur under closed canopies,
and when disturbance creates canopy gaps, these vines
can grow and spread rapidly (Howard 2005a; Munger
2002a, FEIS reviews). Several sources indicate that
Japanese honeysuckle sprouts after damage from fire,
and postfire sprouting can lead to rapid recovery of
preexisting populations. Scattered subpopulations of
Japanese honeysuckle can also persist with frequent
fire, possibly within fire refugia or via continued recruit-
ment from bird-dispersed seed (Munger 2002a). Kudzu
stems and foliage are likely toresist fire damage during
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the growing season because they typically maintain
high water content and are relatively unflammable
except after frost-kill in autumn (Wade, personal com-
munication 2005). When large kudzu plants do burn,
they can sprout from the root crown after top-kill and
reestablish soon after dormant-season fire, returning
to prefire abundance by the second postfire growing
season. Additionally, soil heating by fire may promote
kudzu seed germination by scarifying the seedcoat.
However, dormant season fire can kill root crowns of
small, newly established kudzu plants (Munger 2002b,
FEIS review).

Fire information is available for only a few species of
the nonnative herbs occurring in northeastern forests.
Researchers report that garlic mustard can establish
and persist after fire in northeastern deciduous for-
ests. Establishment of garlic mustard from the soil
seed bank may be facilitated by postfire conditions
(Munger 2001, FEIS review). Repeated fall burning
(2 to 3 annual burns) did not reduce abundance or
relative importance of garlic mustard in an eastern
mesophytic forest understory in Kentucky (Luken and
Shea 2000). In a white pine-mixed deciduous forest in
New Hampshire, ground-ivy displayed rapid vegeta-
tive growth after a spring prescribed fire but did not
occur on fall-burned plots (Chapman and Crow 1981).
Addtionally, some evidence suggests that ground-ivy
seeds might survive in the soil seed bank for a number
of years (Hutchings and Price 1999) and therefore may
be capable of recruitment after fire. Japanese stiltgrass
can establish in forest understories (for example, see
Dibble and Rees 2005; Ehrenfeld 2003), in gaps created
by overstory mortality (Orwig and Foster 1998), and
indisturbed areas created by hurricanes (Taverna and
others 2005). In oak-hickory woodland sites, Japanese
stiltgrass established after mechanical thinning and
prescribed fire in southern Illinois (Anderson and
others 2000) and established from the soil seed bank
after an accidental fire on a North Carolina floodplain
(Barden 1987). In deciduous forest in southeastern Ohio,
germination and growth of Japanese stiltgrass was
higher in open-canopy plots and in plots treated with
high-severity prescribed fire than in untreated controls
(Glasgow and Matlack 2007). Observations indicate that
it also grows back from tillers and stolons following top-
kill from early-season fire (Tu 2000, TNC review).

Fire exclusion affects forest types differently de-
pending on the extent to which they are dominated by
fire-adapted species or have gap formation. Many non-
native invasive species in the Northeast bioregion are
shade-tolerant (table 5-2) and thus may invade forests
and savannas where fire has been excluded. Hobbs
(1988) suggested that common buckthorn, known forits
shade tolerance, may have spread in northeastern de-
ciduous forestsin part because of fire exclusion, as well
as in gaps that occurred with the demise of American

USDA Forest Service Gen. Tech. Rep. RMRS-GTR-42-vol. 6. 2008

elm. Common buckthorn and bush honeysuckles have
infested oak savanna remnants where fire has been
excluded. In a study of 24 oak savanna remnants in
northern Illinois, Indiana, and southern Wisconsin,
Apfelbaum and Haney (1990) suggested that, without
fires about every 35 to 100 years, native and nonnative
woody species, including common buckthorn and bush
honeysuckles, establish in oak understories and inter-
fere with oak regeneration. In 24 oak savannas that
varied in soil type and management history, periodic
fires afforded some control of mesic shrub infestations
and promoted oak regeneration (Apfelbaum and Haney
1990). Glossy buckthorn is typically associated with
unburned woodland in mixed forests (Catling and
Brownell 1998; Catling and others 2002). A relatively
shade-tolerant herbaceous species, garlic mustard,
occurred in areas of low ambient light where reduced
fire frequency resulted in increased tree canopy cover
in a northern Illinois oak savanna remnant (Bowles
and McBride 1998). Invasive populations of Japanese
honeysuckle apparently do not occur in communities
with frequent, low-severity fires (Munger 2002a). More
data are needed to uncover whether this pattern can
be related to fire exclusion.

Fire exclusion from fire-seral communities such as
oak-hickory forests or oak savannas diminishes op-
portunities for maintenance of the dominant species.
Instead, establishment and growth of shade-tolerant
species are enhanced, and fire-seral species can be re-
placed. Once shade-tolerant nonnative species establish
in closed-canopy forests, they may persist, spread, and
possibly dominate the understory. Evidence suggests
that Norway maple establishes, persists, and grows
in forest understories in the absence of fire or other
stand-level disturbances. In a New Jersey piedmont
forest, for example, Norway maple, American beech,
and sugar maple are gradually replacing white oak,
northern red oak, and black oak (Q. velutina), which
were formerly dominant (Webb and Kaunzinger 1993;
Webb and others 2000). Nonnative grasses (sweet
vernal grass (Anthoxanthum odoratum), fineleaf
sheep fescue (Festuca filiformis), Japanese stiltgrass
(Dibble and Rees 2005), and Canada bluegrass (Poa
compressa) (Swan 1970)) often occur in the understory
of deciduous forests and seem to spread in the absence
offire. Ofthese, Japanese stiltgrassis the most studied
and is one of the most invasive grasses in forests and
riparian areas, especially along trails and roadsides
but also in undisturbed, shaded sites (Cole and Weltzin
2004).It caninvade woodlands with incomplete canopy
closure (Winter and others 1982) and persist after the
canopy closes completely (Howard 2005¢). If fire is re-
introduced to these communities, restoration of native
plant communities is not certain; shade-tolerant nonna-
tives that can sprout after top-kill or establish from the
seed bank may dominate the postfire community.
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Effects of Nonnative Plant Invasions on
Fuel Characteristics and Fire Regimes in
Deciduous and Mixed Forests

Nonnative plant invasions may change fuel proper-
ties, fire behavior, and possibly fire regimes in several
ways (Richburg and others 2001). Individual species
could affect fire behavior due to differences from na-
tive species in heat content (Dibble and others 2007),
moisture content, volatility, fuel packing, and phenol-
ogy. Nonnative grasses have the potential to increase
biomass and continuity of fine fuels on invaded sites
(Dibble and Rees 2005). Invasive shrubs and vines may
affect biomass and flammability of the shrub and herb
layers or act asladder fuels. While increased fuel loads
duetononnativeinvasive plants might not be a concern
to fire managers in wet years, hazard fuels must be
considered if drought occurs. However, properties of
individual species might be less important than fuel
moisture, topography, and wind velocity (Ducey 2003)
during a wildfire.

There is concern that encroachment by nonnative
grasses, vines, and shrubs could increase flammabil-
ity and fuel continuity in deciduous forests. Fuels in
five invaded mid-successional deciduous forest stands
dominated by oak-hickory (Maryland), poplar (Maine),
oak-bigtooth aspen (Maine), oak-yellow poplar (New
Jersey), and mixed hardwoods (Vermont) were studied
by Dibble and others (2003) and by Dibble and Rees
(2005). Invaded stands were compared to nearby un-
invaded stands. Under invaded conditions, graminoid
and shrub cover were greater because of the frequency
and height of the nonnative plants (including fineleaf
sheep fescue, sweet vernal grass, Japanese stiltgrass,
bush honeysuckles (fig. 5-3), Japanese barberry, and
others). If fire occurs in invaded stands, patches of fine

Figure 5-3—Bush honeysuckle in the understory of a mixed for-
est that developed on an abandoned agricultural field (Bradley,
Maine). (Photo by Alison C. Dibble.)
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fuels represented by nonnative grasses and shrubs
could increase fire intensity (Dibble and Rees 2005).
For example, Japanese stiltgrass formslarge (>0.2 ha),
dense patches with hundreds to thousands of stems
per square foot (Dibble, unpublished data 2005; Dibble
and Rees 2005). This species produces large amounts
of litter and fine fuels, and stems lie down soon after
they die in autumn, creating a continuous fuelbed of
matted straw (Barden 1987) that may constitute an
increase in biomass and continuity of fine fuels com-
pared to uninvaded sites. More information on fuel
properties of several native and nonnative grasses is
available (Dibble and others 2007).

Invasive vines such as Oriental bittersweet (fig. 5-4),
Japanese honeysuckle, kudzu, Chinese wisteria (Wiste-
ria sinensis), porcelainberry, and English ivy (Hedera
helix) have potential to alter fuel characteristics of
invaded communities. They could increase fuel load-
ing and continuity by growing up and over supporting
vines, shrubs, and trees, and by killing the vegetation
beneath them. Invasive vines could increase the likeli-
hood of crown fire, especially under drought conditions,
by acting as ladder fuels. Such changes have not been
quantified. In the southern Appalachians, Oriental
bittersweet contributes substantial vine biomass
(Greenberg and others 2001). It can also support later-
successional vines and lianas (Fike and Niering 1999),
possibly enabling other species to become ladder fuels

Figure 5-4—Oriental bittersweet has completely overtaken
this eastern white pine (Rockland, Maine). (Photo by Alison
C. Dibble.)
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(Howard 2005a). In a deciduous forest in New York,
several gaps were occupied by porcelainberry growing
over Amur honeysuckle. In some quadrats, the cover of
these two species combined was well over 100 percent,
and few tree seedlings and herbs grew beneath the
tangled canopy (Yost and others 1991).

Indeciduous forests where invasive plants are preva-
lent, the morphology and stand structure of invasive
Japanese barberry may alter fuel characteristics
(Dibble and Rees 2005). Individual plants consist of
multiple stems originating from the root collar and
varyinginlength and morphology. Stems die after a few
years, as new stems sprout from the base (Ehrenfeld
1999; Silander and Klepeis 1999). Japanese barberry
populations can become dense, nearly impenetrable
thickets within 15 years of initial establishment (Eh-
renfeld 1999), even under closed canopies. Populations
may become so thick that they shade out understory
species (Johnson, E. 1996, review).

In some cases, nonnative vegetation might decrease
the potential for ignition and spread of fire, although
there are no studies documenting this in northeastern
deciduous forests. Mile-a-minute (Polygonum perfo-
liatum), Japanese barberry, privet, kudzu, Japanese
honeysuckle, and Oriental bittersweet are thought
to reduce flammability on some oak-hickory sites
in Virginia-area national parks. For example, mile-
a-minute vine produces a dense mass of succulent,
almost nonflammable vegetation. Where mile-a-minute
dominates, managers are concerned that the use of
prescribed fire to promote regeneration of desirable
native species may not be possible. Japanese barberry
and privet displace native, flammable ericaceous spe-
cies including mountain laurel and blueberry (Vac-
cinium spp.), and there is concern that dominance
by nonnative species may reduce flammability of the
invaded community (Gorman, personal communica-
tion 2005). In dense thickets of Chinese privet in
northwestern Georgia, prescribed fire was spotty and
erratic. Lack of fire spread in privet infestations might
be explained by moist and compacted privet litter or
by the affinity of Chinese privet for moist, low-lying
soils (Faulkner and others 1989). Because kudzu stems
and foliage maintain high water content, flammability
of invaded sites may be reduced even during drought,
when desired native plants become susceptible to fire
due to desiccation (Munger 2002b). Similarly, it has
been suggested that dense stands of garlic mustard
may inhibit the ability of a forest understory to carry
surface fire (Nuzzo 1991).

Differences in phenology between native and non-
native species could theoretically affect fire seasonal-
ity, rendering a community more or less flammable
during particular seasons. For example, buckthorns
(Converse 1984a, TNC review) and bush honeysuck-
les (Batcher and Stiles 2000) leaf out earlier than
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native vegetation and retain their leaves later into
autumn. This topic deserves further study.

Use of Fire for Controlling Nonnative
Invasives in Deciduous and Mixed Forests

Fire alone is probably not sufficient to control most
invasive species in deciduous forests of the Northeast
bioregion because high fuel moisture and insufficient
fuel accumulation limit both fire severity and the fre-
quency with which burning can be conducted. In gen-
eral, a long-term commitment and some combination
of control treatments will likely be more effective for
controlling invasive species than any single approach
(Bennett and others 2003). Additionally, the usefulness
and effectiveness of prescribed fire differ among for-
est types and depend to some extent on the fire types
and frequency to which native plant communities are
adapted. In this sense, prescribed fire is more likely
to be an effective tool for controlling invasive species
and promoting native vegetation in oak-hickory forests
and oak savannas than in other forest types.

In maple-beech forests, a lack of dry surface fuels
and/or a brief weather window for burning make the
use of prescribed fire difficult. Additionally, if man-
agers seek to maintain an overstory of fire-intolerant
species such as maple and beech, burning under condi-
tions where fires are severe enough to kill nonnative
species will likely kill desired species as well. Using
prescribed fire to control Norway maple, for example,
would probably be detrimental to sugar maple and
American beech.

Repeated prescribed burning may be more effec-
tive in oak-hickory forests and oak savannas than in
maple-beech forests because dominant native species
in these plant communities are adapted to relatively
frequent fires. In this case, fire may be appropriate
where management goalsinclude controlling nonnative
species or reducing fuels, accompanied by maintenance
of native seral species.

Where conditions are appropriate for carrying a
surface fire, nonnative invasive trees such as Norway
maple and tree-of-heaven may be top-killed by fire,
but both species can sprout following top-kill (Howard
2004a; Webb and others 2001). Observations indicate
that seedlings of tree-of-heaven are killed by fire, but
larger individuals tend to survive and sprout after fire
(Gorman, personal communication 2005), even follow-
ing heat-girdling (Hoshovsky 1988, TNC review). No
experimental information is available on the effects
of fire on Norway maple; however, cutting Norway
maple resulted in sprouting from both seedlings and
larger trees the following summer (Webb and others
2001). Additionally, removal of Norway maple from the
canopy of a mixed maple forest in New Jersey resulted
in a dramatic floristic and structural change in some
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areas, with establishment of both native and nonnative
plant species not previously seen in the forest. Among
thenew arrivals were tree-of-heaven, Japanese barberry,
winged euonymus, Japanese honeysuckle, wineberry
(Rubus phoenicolasius),black locust,and garlicmustard.
It is unclear whether these species established from the
seed bank or from off-site sources. Removal of Norway
maple seedlings also resulted in a large pulse of Norway
maple recruitment (Webb and others 2001).
Sproutingisreported in many invasive woody species
following top-kill (table 5-2). Prescribed fire during the
dormant season is generally ineffective for controlling
invasive shrubsin the Northeast bioregion. These fires
reduce shrub cover temporarily and may kill seedlings
and smaller plants, but populations are not controlled
as shrubs resprout (Richburg 2005; Richburg and
others 2001). However, on a study site in a mature
deciduous forest in western Massacusetts, cover of
Japanese barberry was significantly reduced 2 years
after both cutting and burning (conducted in April and
November), with the greatest reductionsin areas where
treatments were combined (Richburg 2005). Results
of a study on the use of fire to control Japanese hon-
eysuckle, Chinese privet, and native poison ivy in an
oak-hickory-pine forest in northwestern Georgia are
relevant to forests in the Northeast bioregion. Both
fall and winter burns significantly (P < 0.05) reduced
Japanese honeysuckle biomass. However, sprouting
from buds protected by unburned litter was evident as
early as 1 month following fire. Chinese privet showed
no significant response to fire or season of burning, and
many plants sprouted from root crowns. The response
of privet to fire was unclear because fire did not spread
well in privet thickets (Faulkner and others 1989).
It has been suggested that repeated prescribed fire
may be effective for controlling species such as bush
honeysuckles (Munger 2005a, FEIS review; Nyboer
1992), privets (Batcher 2000a, TNC review), and mul-
tiflora rose (Virginia Department of Conservation and
Recreation 2002d). However, little empirical evidence is
available to support these suggestions for northeastern
forests. Additionally, repeated burns may be limited
by insufficient fuel accumulation to carry fires that are
scheduled close together (for example, see Richburg
2005). Repeated prescribed fire has been used with
some success for controlling nonnative shrubs such
as common buckthorn in oak savannas (chapter 7).
Japanese honeysuckle was reduced by repeated pre-
scribed burningin North Carolina shortleafpine forest
and in an Illinois barren remnant (Munger 2002a).
However, cessation of prescribed fire treatments, even
after multiple consecutive or near-consecutive years
of burning, can lead to reinvasion (Schwegman and
Anderson 1986). Anecdotal evidence suggests that
kudzu may also be controlled by repeated prescribed
fire under certain conditions. Managers in Virginia
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observed that 3 to 4 years of prescribed fire late in the
growing season can eliminate kudzu in the treated
area (Gorman, personal communication 2005).

Little information is available on the use of fire to
controlinvasive grassesin deciduous forests. [thasbeen
suggested that Japanese stiltgrass is not controlled
by spring burning or mowing in oak-hickory forests
because seeds germinate from the soil seed bank after
treatment, and plants may grow rapidly enough to set
seed that same year (Virginia Department of Conser-
vation and Recreation 2002b). More effective control
of Japanese stiltgrass might be achieved by timing
prescribed fire before seeds ripen but late enough in
the season to prevent a second flush of seed production
(Gorman, personal communication 2005). In an oak
savanna in Wisconsin, early April burning was not
effective for controlling reed canarygrass (Phalaris
arundinacea); fire appeared to enhance its spread.
Burningin mid tolate May weakened reed canarygrass
and prevented seed production, though it did not elimi-
nate the infestation and was detrimental to desired
native herbs such as shooting star (Dodecatheon media)
(Henderson 1990). For more information on control of
reed canarygrass using prescribed fire, see the “Ripar-
ian and Wetland Communities”section, page 82.

Prescribed fire can be used to temporarily control
garlicmustard under some conditions. However, garlic
mustard has a moderately persistent seed bank and
rapid population growth, and some individuals are
likely to survive understory and mixed-severity fires
in deciduous and mixed forests due to the patchiness
of these fires (Munger 2001). Three consecutive years
of prescribed burning in a central Illinois black oak
forest failed to eradicate garlic mustard. One reason
was that individuals survived in protected, unburned
microsites such as the lee of a downed log or a patch
of damp litter, and these survivors were successful in
producing seed (Nuzzo and others 1996). Additionally,
removal of garlic mustard may lead to proliferation
of other undesirable species, so caution is warranted
to avoid interventions that may be detrimental to the
native community (McCarthy 1997).

Coniferous Forests

Background

Coniferous forests in the Northeast bioregioninclude
white-red-jack pine ecosystemsin the Great Lakes area;
pitch pine communities in parts of the New England
coast, the New Jersey Pine Barrens, and upstate New
York; and spruce-fir (Picea-Abies) ecosystems in the
Lake and New England States and at high elevations
inthe Appalachian Mountains. Other coniferous forest
types include Virginia pine (Pinus virginiana), short-
leaf pine (Pinus echinata), and Table Mountain pine
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(Pinus pungens) within the loblolly-shortleaf pine and
oak-pine ecosystems described by Garrison and oth-
ers (1977). Some of these coniferous forest types also
occur in the Southeast bioregion. More information
is available on interactions between fire and invasive
species in pine forests and savannas in chapter 6.

The white-red-jack pine ecosystem occurs on plains
and tablelands of the northern Lake States and parts of
New York and New England. In the Lake States these
forests are used principally for timber and recreation,
while large urban areas fragment this ecosystem in the
northeast (Garrison and others 1977). Prior to Euro-
American settlement, eastern white pine and red pine
associations were generally fire-maintained seral types
and existed occasionally as self-perpetuating climax
under mixed fire regimes in the Great Lakes area.
Fire exclusion can alter plant community structure
and composition in these forest types, with shade-
tolerant species becoming widespread. These stands
may respond well to prescribed burning; however,
understory invasion by shade-tolerant species could
make burning difficult by developing a layer of less
flammable surface material (Duchesne and Hawkes
2000). No information was found regarding nonnative
species invasions in these ecosystems.

Pitch pine is well adapted to frequent fire, with
presettlement fire regimes characterized by surface
fires at intervals less than 10 years where burning by
Native Americans was common and mixed-severity
fires at intervals of about 10 to 35 years (Wade and
others 2000). In the absence of disturbance, pitch pine
is replaced by various hardwoods, especially oak and
hickory, or by eastern white pine if present. Fire exclu-
sion has also led to conversion of pitch pine forests to
black locust-dominated stands (Dooley 2003). Black
locust is an early-successional tree that colonizes old
fields and burned areas in its native range (Converse
1984b, TNC review), from Pennsylvania southward. It
is considered nonnative to the north and east (Fernald
1950). Today prescribed fire is used to reduce fuel
loads and maintain or restore fire-adapted vegetation
in some pitch pine communities (Patterson and Crary
2004).

Virginia pine and shortleaf pine types are estimated
to have relatively frequent presettlement fire-return
intervals (~2 to 35 years). Table Mountain pine fire
regimes are characterized by stand-replacement fires at
intervals of <35 to 200 years (Wade and others 2000).
Little information is available regarding invasive
species in these forest types. At Manassas National
Battlefield Park in northeastern Virginia, some old
agricultural fields have succeeded to Virginia pine and
support spreading populations of Japanese stiltgrass,
Japanese honeysuckle, privet, and winged euonymus
(Dibble and Rees 2005). Princesstree occurs in Table
Mountain pine-pitch pine forests in the southern
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Appalachian Mountains (Williams 1998). With the
exception of princesstree, there is no information in
the literature regarding invasive species and fire in
these forest types.

Northeastern spruce-fir forests are characterized
by a presettlement fire regime of stand-replacement
fires with long return intervals (35 to over 200 years)
(Duchesne and Hawkes 2000; Wade and others 2000).
Spruce-fir stands are presumed to be less vulnerable
than some other vegetation types to encroachment by
nonnative invasive plants, though exceptions can occur
where seed sources are available. In Maine, spruce-fir
stands can have persistent, spreading populations of
bush honeysuckles, Norway maple, Japanese barberry,
and/or winged euonymus (Dibble and Rees 2005). Loss
of dominant trees to nonnative insect pests such as
balsam wooly adelgid and hemlock wooly adelgid (Dale
and others 1991, 2001) provides openings for estab-
lishment of Japanese barberry, Oriental bittersweet,
tree-of-heaven, and Japanese stiltgrass (Orwig and
Foster 1998).

Role of Fire and Fire Exclusion in
Promoting Nonnative Plant Invasions in
Coniferous Forests

Few studies in northeastern coniferous forests dis-
cusstheestablishment or spread of nonnative invasive
species following fire or a period of fire exclusion.

Princesstree is widely planted in the eastern United
States as an ornamental and a source of high-value
export lumber. It is an early successional species that
produces large numbers of wind-dispersed seed. It is
not shade-tolerant, and seed germination and seedling
establishment are restricted to disturbed areas such
as exposed mineral soil, where light levels are high
and leaflitter is absent (Williams 1993). Princesstree
established after wildfire in forests dominated by
Table Mountain pine, pitch pine, and Virginia pine in
the southern Appalachians (Reilly and others 2006).
Managers report postfire establishment of princesstree
after “several wildfires” in Great Smoky Mountains
National Park (Langdon and Johnson 1994). Inva-
sion of native forests by princesstree is facilitated by
otherlarge-scale disturbances such as timber harvest,
construction, gypsy moth defoliation, hurricanes,
and floods (Johnson, K. 1996, review; Miller 2003;
Williams 1993). In debris avalanches following Hur-
ricane Camille in Virginia, princesstree established
at densities ranging from 75 to 310 stems/ha on 3 of
4 study sites. Other species that occupied these sites
included Japanese honeysuckle and tree-of-heaven,
but these species were rarely found in the canopy of
a mature forest (Hull and Scott 1982). Viable prin-
cesstree seeds have been found in the soil seed bank
of some forest communities (Dobberpuhl 1980; Hyatt
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and Casper 2000). This includes the Pine Barrens of
southern New Jersey (Matlack and Good 1990), where
prescribed fireis sometimes used (Patterson and Crary
2004). Managers should be aware of the possibility
of princesstree establishment from the seed bank.
Princesstree sprouts from roots and/or stumps after
pulling or cutting (Johnson, K. 1996) and may also do
so after fire.

Sheep sorrel mightbe promoted by fire in conifer stands
that have developed in agricultural openings or in open-
ings over bedrock. In a stand of white pine on an old field
insoutheastern Nova Scotia that was clearcut and burned
in June, sheep sorrel had a high stem density relative
to other vegetation 1 year after fire (Martin 1956). In a
4-year study of a spruce-fir stand in southwestern New
Brunswick, Canada, which was clearcut and burned
twice, Hall (1955) found that sheep sorrel established
immediately after the first burn and persisted after the
second, though at a low stem count.

Responses of nonnative buckthorn species to fire
may vary depending on frequency of burning. Four
years after a low-severity spring burn in white and
red pine plantations of Michigan, common and glossy
buckthorns less than 0.8 inch (2 cm) DBH were pres-
ent on plots burned only once but absent from plots
burned three times in 5 years. Larger buckthorns
(0.8 to 2.3 inches (2.0 to 5.9 cm) DBH) occurred on
unburned plots but not on any burned plots, suggest-
ing that the larger size class had been eliminated by
fire (Neumann and Dickmann 2001). It is not clear
to what extent the two nonnative buckthorn species
differed in their response to repeated burning in the
pine plantations.

Effects of Nonnative Plant Invasions on
Fuel Characteristics and Fire Regimes in
Coniferous Forests

There is no documentation that fire regimes have
been changed by nonnative invasive species in north-
eastern coniferous forests, although studies suggest
that fuel characteristics may be altered on invaded
sites.

A study by Dibble and Rees (2005) suggests that
nonnative species have altered fuel characteristics in
coniferous forests in southern Maine. Invaded stands
support a shrub layer dominated by nonnative honey-
suckle species,Japanesebarberry, Oriental bittersweet,
common buckthorn, and/or glossy buckthorn, and have
significantly greater shrub cover and frequency than
nearby, relatively uninvaded stands. Fineleaf sheep
fescue and wood bluegrass (Poa nemoralis, native to
Eurasia and recently added to Maine’s list of nonna-
tive invasive plants) are abundant in the herb layer
and may increase fine fuel loads and continuity on
invaded conifer sites (Dibble and Rees 2005).
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Blacklocust hasbeen observed to reduce potential fire
spread in pitch pine stands on sandy outwash plains,
especially on old farm fields. Black locust litter on the
forest floor tends to lie flat and stay relatively damp
due to closed-canopy conditions created by black locust
clones. The higher live-to-dead fuel ratios and higher
fuel moistures effectively slow surface fires compared
to uninvaded pitch pine stands (Dooley 2003). Native
plants and animals in these fire-dependent plant com-
munities can be adversely impacted by black locust
dominance. When black locust encroached in dunes
of Indiana, decline in native plant diversity was often
accompanied by an increase in nonnative cheatgrass
(Peloquin and Hiebert 1999). Larvae of the federally
endangered Karner blue butterfly (Lycaeides melissa
sameulis) of northeastern and upper midwestern North
America feed solely on blue lupine (Lupinus perennis)
in fire-adapted pitch pine woodlands and oak savannas
(King 2003; Kleintjes and others 2003), which may be
degraded by black locust invasion. Note that the host
plant is not bigleaf lupine (Lupinus polyphyllus) of
the Pacific Northwest, though that species dominates
some roadsides and openings in Maine and is listed
as a nonnative invasive species in that state.

Use of Fire to Control Nonnative Invasive
Plants in Coniferous Forests

Fireisnot typically used tocontrol nonnative invasive
plants in coniferous forests in the Northeast bioregion
where fire suppression is usually the fire management
priority. Prescribed fire is sometimes used to maintain
fire-adapted ecosystems such as pitch pine, where
black locust may be controlled by frequent, severe
burning in late spring (Dooley 2003). However, it is
difficult to obtain fires of sufficient severity to kill
black locust, which typically responds to burning,
cutting, and girdling by resprouting and suckering
(Converse 1984b).

Grasslands and Early-Successional
Old Fields

Background

True grasslands in the Northeast bioregion are
sparse and discontinuous compared to their coun-
terparts to the west and south. This section includes
barrens and sandplains (as described by Curtis
1959 and Dunwiddie and others 1996) and early-
successional old fields—areas that were initially
cleared for agriculture and are currently maintained
in early successional stages (Richburg and others
2004). While material covered here also pertains
to disjunct populations of prairie communities ex-
tending east as far as Pennsylvania, Kentucky, and
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Tennessee (Transeau 1935), discussion of prairie
ecosystems is presented more fully in chapter 7.

The grasses and forbs that comprise northeastern
grasslands include unique plant assemblages and
numerous rare plants and animals (for example, see
Dunwiddie 1998; Mitchell and Malecki 2003) and thus
are of particular concern to managers. The ecology and
much of the fire history of northeastern grasslands
are summarized in Vickery and Dunwiddie (1997).
Fire, primarily anthropogenic in origin, has been
identified as one factor contributing to the origin and
persistence of these plant communities (for example,
Niering and Dreyer 1987; Parshall and Foster 2002;
Patterson and Sassaman 1988; Transeau 1935; Winne
1997). Prescribed fire is currently used in some areas
to maintain early successional species. For example,
in a sandy outwash plain in southern Maine where
native grassland has persisted for more than 900
years (Winne 1997), fire is used to maintain habitat
for grasshopper sparrow and a large population of a
rare herb, northern blazing star (Liatris scariosa var.
novae-angliae)(Vickery 2002). Xeric blueberry barrens
in southeastern Maine have been an open grassland-
pine/shrub type for at least 1,700 years; many of these
areas are now maintained by burning in alternate
years (Winne 1997).

The area of old fields in the Northeast bioregion is
extensive. From the early days of the colonial period,
forests were converted to pasture and cropland; by the
mid-19 century, less than 40 percent of Vermont,
Massachusetts, Rhode Island, and Connecticut was
forested. Conversion of forest to agriculture resulted
in intentional and accidental introduction of many
nonnative plants. When agricultural fields were
abandoned, seeds of nonnative plants were no doubt
present, and other species may have been introduced
with “conservation plantings” (Knopf and others
1988). Thus propagules of nonnative invasive plants
are likely to be more abundant in old fields than in
grasslands of other origins. As agriculture declined
in the Northeast during the late 19" and 20" centu-
ries, forests reclaimed much of the landscape (review
by Vickery and Dunwiddie 1997), while some areas
are maintained in early succession for bird habitat
(for example, see Vickery and others 2005) or other
conservation purposes.

Grasslands and old fields in the Northeast bioregion
are early successional communities capable of support-
ing woody vegetation. The most problematicinvasives
are woody species, both native and nonnative, which
alter the structure as well as the species composition
of these habitats. Techniques for controlling woody
invasives in grasslands typically include cutting or
mowing, herbicides (Barnes 2004), and/or fire (for
example, Dunwiddie 1998). Grassland burns are
commonly conducted in fall or spring, though control
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of woody species may be more effective if burns occur
during the growing season (Mitchell and Malecki 2003,
Richburg 2005). In the wildland urban interface, early
successional vegetation is more commonly maintained
by mowing than by burning. Because these habitats
require disturbance to remain in an early successional
stage, they may be especially vulnerable to establish-
ment and spread of nonnative plants (for example, see
Johnson and others 2006).

Nonnative species that seem especially problem-
atic in northeastern grasslands include Scotch broom
(Cytisus scoparius), multiflorarose, porcelainberry, and
swallow-wort (Cynanchum louiseae, C.rossicum). Numer-
ous other nonnative species are invasive or potentially
invasive in northeastern grasslands (table 5-1), but
research on their relationship to fire in grasslands
or old fields is lacking. Mehrhoff and others (2003)
state that most nonnative species of concern in this
bioregion are common in old fields, but many are also
problematic in forest or riparian communities, and
some of these are discussed in other sections of this
chapter.

Role of Fire and Fire Exclusion in
Promoting Nonnative Invasives in
Grasslands and Old Fields

Nonnative herbs mayincrease after fire in northeast-
ern grasslands and old fields. Swan (1970) quantified
vegetation response to wildfires of the early 1960s in
goldenrod-dominated fieldsin south-central New York.
Two years after fire, three nonnative species showed
higher relative frequency on burned than unburned
areas: Canada bluegrass (81 percent vs. 56 percent),
redtop (39 percent vs. 25 percent), and sheep sorrel
(44 vs. 33 percent). Burning appears to enhance ger-
mination of sheep sorrel, possibly by removing the
litter layer (Kitajima and Tilman 1996). However,
Dunwiddie (1998) reports no effect of fire on sheep
sorrel, and Niering and Dreyer (1989) report equivocal
results: In Connecticut old fields dominated by little
bluestem, relative frequency of sheep sorrel decreased
after 17 years of annual burning but also decreased
on unburned plots. Fire alone increased stem density
of spotted knapweed for 3 years after spring burning
in old fields in Saratoga National Historical Park,
Saratoga Springs, New York (Gorman, personal com-
munication 2005).

Nonnative shrubs are likely to survive all but severe,
growing-season fires, though information specific to
northeastern grasslands is limited. Most research on
Scotch broom comes from the Pacific Northwest and is
summarized briefly here; this species is covered more
thoroughly in chapter 10. Scotch broom spreads from
abundant seeds and can sprout from stumps or root
crowns following damage to aboveground parts. Scotch
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broom seeds can survive in the soil for at least 5 years
and possibly as long as 30 years. Laboratory studies
and postfire field observations indicate that heat
scarification induces germination (Zouhar 2005a, FEIS
review). Prescribed fires in a northeastern grassland
(on one site, August cut, then burn; on another, April
burn) reduced Scotch broom cover significantly, but
numerous seedlings established (Richburg 2005).

Fire can top-kill bush honeysuckle plants and is
likely to kill seedlings and stressed plants. However,
perennating tissues on roots and root crowns are often
protected by soil from fire damage, so there is potential
for postfire sprouting. Sprouting of Bell’s honeysuckle
(Lonicera x bella) was observed after spring and late-
summer fires at the University of Wisconsin Arboretum
(Munger 2005a). After spring burning in an oak forest,
sprouts of Bell’s honeysuckle were described as “not
very vigorous” (Kline and McClintock 1994).

Multiflora rose is a shrub that can reproduce by root
suckering and layering, and forms dense thickets that
displace herbaceous plants, especially in early succes-
sional habitats such as old fields. Both multiflora rose
and common buckthorn produced sprouts following
stem removal by cutting, with or without burning,
in the dormant and growing season (Richburg 2005).
Native rose species are typically top-killed by fire;
with increasing fire severity, they may be subject to
root crown and rhizome damage (Munger 2002¢, FEIS
review). Thus it seems likely that multiflora rose will
survive fire and, because seeds remain viablein the soil
for 10 to 20 years (Szafoni 1991), possibly regenerate
from seed after fire.

Several nonnative vines are invasive in northeastern
grasslands; however, information on responses of non-
native vines to fire in these communities is lacking.
We could find no peer-reviewed accounts of invasion or
spread of porcelainberry or Oriental bittersweet after
fire. However, the ability of these vines to regenerate
vegetatively, produce abundant seed (table 5-2), and
establish in openings suggests that fire may favor
their spread. Black swallow-wort cover increased after
dormant season cutting and burning of invasive shrubs
in a New York grassland (Richburg 2005), although
significance of differences from untreated sites was
not reported. Lawlor (2002, TNC review) reports that
swallow-wort recovered and reproduced the season
following prescribed fires in New York and Wisconsin
(see “Use of Fire to Control Nonnative Invasive Plants
in Grasslands and Old Fields,” page 81).

In the absence of fire or other disturbance (for ex-
ample, mowing), woody species generally increase in
northeastern grasslands. Two studies illustrate how
the presence and abundance of nonnative speciesin old
fields may change over time without disturbance. In
New Jersey, 40 years of vegetation data from old fields
were used to evaluate changes in nonnative species
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abundance and diversity over time. Invasions were
initially severe, with nonnative species comprising over
50 percent of the cover and species in each field. After
20 or more years of abandonment, the abundance and
richness of nonnative species had declined significantly
without management intervention. As woody cover
increased, many nonnative herbaceous species that
had dominated earlier in succession, particularly an-
nuals and biennials, became muchless abundant. Some
shade-tolerant invasive species (garlic mustard, bush
honeysuckles, Norway maple, Japanese stiltgrass, and
Japanese barberry) are currently increasing on these
sites and may present the next invasion challenge to
the managers ofthe grassland community (Meiners and
others 2002). A site in southeastern Connecticut that
was abandoned and burned 40 years earlier became
partially dominated by Oriental bittersweet, which
increased in cover along with Japanese honeysuckle,
Morrow’s honeysuckle, and multiflora rose during the
last decades of the study (Fike and Niering 1999).

Effects of Nonnative Plant Invasions on
Fuel Characteristics and Fire Regimes in
Grasslands and Old Fields

Presettlement and even postsettlement fire regimes
for northeastern grasslands are not well described in
the literature (but see Vickery and Dunwiddie 1997),
so departure of current patterns from past fire regimes
is difficult to determine, and the influence of nonnative
species on fire regime changes is difficult to estimate.
Old fields have no reference fire regime because they
are a recent anthropogenic vegetation type. It is more
fruitful, in this section, to discuss how nonnative spe-
cies may alter fuels in northeastern grasslands and
thereby influence the fire regimes desired for main-
tenance of these plant communities or for protecting
property in the wildland urban interface. Scotch broom
is the only nonnative species for which information on
fuel characterisitcs and fire behavior in northeastern
grasslands has been published (Richburg 2005).

Scotch broom establishesinold fields and grasslands,
where it can eventually replace native plants with a
dense, monospecific stand. As Scotch broom stands
age, the ratio of woody to green material increases and
dead wood accumulates (Waloff and Richards 1977).
During experimental fires intended to control this spe-
cies in old fields on Naushon Island, Massachusetts,
where the effects of cutting and burning were studied,
Scotch broom was observed to be highly flammable,
even when green (Richburg 2005; Richburg and oth-
ers 2004). Cutting reduced non-woody fine fuels and
increased 1-hour and 10-hour woody fuels. Fuel bed
depth did not change. Subsequent burns showed flame
lengths of approximately 20 feet (6 m) on uncut plots
burned with a headfire in April, and 3 feet (1 m) on
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cut plots burned in August with a backfire under “very
dry conditions.”

Due to their growth form and habits, nonnative vines
can affect fuelload and distribution, as described above
in the section on deciduous and mixed forests. Porce-
lainberry vines, for example, can cover the ground in
sunny openings, such as old fields, and grow up into
trees and shrubs at the forest edge. These vines can
eventually kill the supporting vegetation (Yost and
others 1991), and festooned trees are also suscep-
tible to wind damage, further increasing mortality
of supporting species. Similarly, pale swallow-wort
and black swallow-wort, which are viny and twining
herbs (Gleason and Cronquist 1991), can form large,
monospecific stands in open areas and can over-top
and smother shrubs (Lawlor 2002).

Use of Fire to Control Nonnative Invasive
Plants in Grasslands and Old Fields

The nonnative shrubs and vines that are most prob-
lematicinnortheastern grasslands are all able to sprout
after fire, at least to some extent, and several persist
in the soil seed bank (table 5-2). While fire may be a
desirable tool for promoting desired grasses and forbs
in grasslands, its effectiveness may be confounded by
the ability of nonnative species to survive and thrive
after fire. Researchin grasslandsin south-central New
York and Naushon Island, Massachusetts, indicated
that a single dormant-season burnisunlikely toreduce
nonnative woody species. Combining growing-season
prescribed fire with other treatments may improve
control. A treatment that reduced common buckthorn
and Scotch broom in grasslands consisted of a late
spring mowing, allowing cut fuels to cure, and then a
late summer burn. Growth rate of common buckthorn
sprouts was slower on August-burned plots than on
unburned plots or spring-burned plots. Effects may be
short-lived, however. Nonstructural carbohydrates in
common buckthorn and multiflora rose declined after
cutting, mowing, or burning treatments but recovered
within 1 year (Richburg 2005).

Scotch broom may be susceptible to heat damage from
fire, but regeneration from the seed bank complicates
the use of fire to control this species. Several researchers
provide evidence that Scotch broom seed germination is
stimulated by fire (Zouhar 2005a), although results vary
among locations (for example, see Parker 2001). Chap-
ters 4 and 10 cover this species in some detail, but one
study is relevant here. In old fields being maintained as
grasslands on Naushon Island, Massachusetts, Richburg
(2005) found that prescribed fires, whether in the dor-
mant season or growing season, killed Scotch broom but
led to copious recruitment of Scotch broom germinants
from the soil seed bank and/or from nearby untreated
plants. Cover of native graminoids and herbs was low
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within Scotch broom patches and decreased within ayear
after burning. When prescribed fire is used to stimulate
Scotch broom germination from the seed bank, follow-up
treatments such as subsequent controlled burns, spot
burning, revegetation with fast growing native species,
herbicide treatments, grazing, and hand-pulling can be
used to kill seedlings and thus reduce the seed bank
(Zouhar 2005a).

Multiflora rose seems able to survive fire but does
not usually increase immediately after burning. Thus
repeated fires may be useful in controlling this spe-
cies. In a savanna restoration project on an old agri-
cultural field in Illinois, Hruska and Ebinger (1995)
significantly reduced stem density of multiflora rose
and autumn-olive following March fires in 2 succes-
sive years. They were concerned that desired native
oak seedlings were adversely impacted. In plant com-
munities comprised of fire-adapted grasses and forbs,
periodic prescribed burns will likely retard multiflora
rose invasion and establishment (Munger 2002c). The
Virginia Department of Conservation and Recreation
(2002d) recommends spring prescribed fire to reduce
cover of multiflora rose, with follow-up burns in sub-
sequent years for severe infestations.

Bush honeysuckle species (Morrow’s honeysuckle,
Bell’shoneysuckle, and others) may be controlled with
prescribed fire in fire-adapted grassland or old-field
communities. According to several sources, spring
prescribed burning may kill bush honeysuckle seed-
lings and top-kill larger plants, although results have
been mixed (Munger 2005a). Morrow’s honeysuckle
was not reduced by dormant-season prescribed fire in
old fields of western New York, but growing-season
fires preceded by growing-season mowing reduced
this species (Mitchell and Malecki 2003). The Maine
Department of Conservation, Natural Areas Program
(2004) recommends burning during the growing season.
Regardless of season, a single prescribed fire is usually
not sufficient to eradicate bush honeysuckles. Annual
or biennial burns may be needed for several years
(Munger 2005a). Solecki (1997, review) recommends
annual or biennial spring burning for 5 or more years
to control bush honeysuckles in prairie ecosystems.

Fire may be useful for controlling Japanese honey-
suckle in grasslands, but only with repeated use and
long-term commitment to monitoring and follow-up
treatments. Cessation of prescribed fire treatments,
even after multiple consecutive or near-consecutive
years of burning, often leads to reinvasion. Following
spring burns in 4 out of 5 years, fire was excluded from
a southern Illinois barren. Japanese honeysuckle fre-
quency decreased following the fires. However, shade
increased during fire exclusion years, and 11 years
after the last fire, frequency of Japanese honeysuckle
was nearly four times preburn levels (Schwegman and
Anderson 1986).
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Numerous sources agree that fire is not effective
for reducing swallow-wort populations (DiTommaso
and others 2005; Lawlor 2000, 2002; Sheeley 1992).
Perennating buds on the root crowns generally occur a
centimeter or more below the soil surface and are thus
likely to be protected from fire (Sheeley 1992; Lawlor
2000, 2002). At Montezuma National Wildlife Refuge,
western New York, a large swallow-wort infested area
was burned in late spring to reduce woody debris in
grasslands (Lawlor 2002). The swallow-worts recov-
ered and reproduced as usual the following season.
Similarresults were observed after prescribed burning
in Wisconsin. Lawlor (2002) suggests that burning or
flaming could be used to control seedlings after mature
growth has been killed with herbicides; swallow-wort
seedlings lack the well-developed root crown of more
mature plants.

Riparian and Wetland
Communities

Background

Riparian and wetland communitiesin the Northeast
bioregion vary in native plant community composition,
site characteristics, and fire regime; however, several
species of nonnative invasive plants are common among
these community types, so they are discussed together
here.

Riparian plant communities in the Northeast biore-
gion may be dominated by hardwoods, conifers, or
mixed stands, and a dense layer of shrubs and vines
can occur beneath the tree canopy. Many native plants
grow almost exclusively in riparian areas and may be
adapted to intense disturbance from seasonal flood-
ing and scour by water and ice. Disturbance by fire
is unusual in Northeastern riparian communities,
so riparian plants may not be fire-adapted; however,
adaptations that allow these plants to recover after
flooding and scour could aid in their recovery after fire
(chapter 2).

Thebottomland hardwood vegetation type described
by Wade and others (2000) includes the elm-ash-
cottonwood ecosystem (sensu Garrison and others 1977)
that occurs in riparian areas along major streams or
scattered swamp areas throughout the eastern United
States and includes several forest cover types. The
historical role of fire in these ecosystems is unclear,
although many of the dominant riparian species are
sensitive to fire and especially intolerant of repeated
burning. Presettlement fire regimes were thought to
be of mixed-severity or stand-replacement types, with
intervals of about 35 to 200 years. Fuel loads were
generally low due to rapid decomposition, so large,
severe fires probably occurred only during extended
drought or in heavy fuels caused by damaging wind
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storms (Wade and others 2000). Conditions in spring
and fall are often too wet for prescribed burning.

Freshwater wetlands in the Northeast bioregion
include forested wetlands such as red maple swamps,
silver maple (Acer saccharinum) floodplain forests,
alder thickets, conifer bogs, Atlantic white cedar
(Chamaecyparis thyoides),black gum (Nyssa sylvatica),
and bay forests; and also fens and marshes dominated
by sedges and grasses (Garrison and others 1977).
Forested wetlands such as conifer bogs are probably
only susceptible to fire in severe drought years due to
their typically humid environment. Ground fires are
possible with severe drought or drainage; with strong
winds, conifer bogs can sustain crown fires. Presettle-
ment, stand-replacement fire intervals are estimated
between 35 and 200 years (Duchesne and Hawkes
2000). Prescribed fire is probably not appropriate in
forested wetlands, and fire is typically excluded from
these communities.

Wet grasslands in the Northeast bioregion include
freshwater and salt or brackish tidal wetlands along the
Atlantic coast, as well as freshwater inland marshes.
Frost (1995) provides information on dominant veg-
etation along gradients of salinity and fire frequency.
Consistent differences in species composition and fire
behavior occur between saltwater and freshwater wet-
lands. Freshwater wetlands support a high diversity
of species and a variety of plant associations. These
are typically dominated by herbaceous species but may
also support woody associations, although woody plant
development is impeded by factors including ice scour,
wave action, and periodic fires. Saltwater wetlands of
the Northeast include the northern cordgrass prairie
described by Kiichler (1964), which is dominated by
cordgrasses (Spartina spp.), saltgrass (Distichlis spp.),
and rushes (Juncus spp.) (Wade and others 2000).
Sedges (especially Scirpus, but also Schoenoplectus
and Bolboschoenus) are also common. Forbs may be
present where fresh water mixes into the system.
Woody plants are typically intolerant of the salinity
and the twice-daily inundation that characterize tidal
wetlands, but they may occupy hummocks or outcrops.
Since presettlement times, the assumption is that
woody plants have extended into the marsh, vegetation
istaller, and native plants have been displaced by tall,
dense stands of common reed (Phragmites australis)
(LANDFIRE Rapid Assessment 2005b).

Most information on fire regime characteristics in
herbaceous wetlands comes from the southeastern
United States (for example, Frost 1995), with rela-
tively little information on wetlands in the Northeast
bioregion. Fires are common in southeastern wetlands,
which support large quantities of flammable, herba-
ceous vegetation that is well-adapted to frequent fires.
Occurrence of woody plants can alter fire behavior,
and groundwater levels influence both fire behavior
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and fire effects on soils and vegetation. In freshwater
marshes, flammability varies due to the large diversity
of plant communities, but species such as sawgrass
(Cladium), cattail (T'ypha), common reed, maidencane
(Amphicarpum purshii, Panicum hemitomon), and
switchgrass (Panicum virgatum) provide flammable
fuels that can support continuous, intense fires.
Cordgrass species that dominate tidal marshes are
also quite flammable. Presettlement fire frequency for
northern cordgrass prairie communities is estimated
at 1- to 3-year intervals (Wade and others 2000).

Prescribed fire is used more extensively in salt
marshes than in freshwater marshes. Conditions in
spring and fall are often too wet for prescribed burning
in freshwater wetlands, although fire is sometimes
used to reduce fuel loads, control invasive plants, and
promote native species. Prescribed fire is frequently
used in saltwater grasslands to enhance productivity
and to reduce plant cover, fuel loadings, and woody
species (Wade and others 2000).

Few nonnative invasive plants pose a high threat
potential in tidal wetlands (table 5-1). Along margins
and in areas where tidal influence or salinities have
been altered by land use and development, woody spe-
cies such as tree-of-heaven (Kiviat 2004) and Oriental
bittersweet (Bean and McClellan 1997, review) may be
invasive. Common reed, a large, perennial, rhizomatous
grass with nearly worldwide distribution, is the invasive
species of most concern in tidal wetlands (for example,
see Leck and Leck 2005; Niering 1992; Weis and Weis
2003) and alsoinvades fresh wetlands and riparian areas
inthe Northeastbioregion (table 5-1). Literature reviews

(for example, D’Antonio and Meyerson 2002; Marks and
others 1993, TNC review) suggest that, although com-
mon reed is native to North America, invasive strains
may have been introduced from other parts of the world;
and while there is evidence that common reed is native
in the Northeast bioregion, many marshes are occupied
by a European genotype (Saltonstall 2003). Common
reed is regarded as aggressive and undesirable in parts
of the eastern United States, but it may also be a stable
component of a wetland community that poses little or
no threat in areas where the habitat is undisturbed.
Examples of areas with stable, native populations of com-
monreed include sea-level fensin Delaware and Virginia
and along Mattagodus Stream in Maine. In areas where
common reed is invasive, large monospecific stands may
negatively impact native plant diversity and create a
fire hazard (D’Antonio and Meyerson 2002; Marks and
others 1993).

Riparian areas often support more invasive spe-
cies than upland habitats (for example, see Barton
and others 2004; Brown and Peet 2003). This is at-
tributed to high levels of propagule pressure (that is,
abundance of seeds or vegetative fragments), a high-
frequency disturbance regime, and water dispersal of
propagules (Barton and others 2004; Robertson and
others 1994). Several nonnative invasive plant species
occur in fresh wetlands and/or riparian areas in the
Northeast bioregion (table 5-1), including widespread
species such as Japanese stiltgrass, garlic mustard,
tree-of-heaven, Norway maple, Japanese barberry,
bush honeysuckles, privets, multiflora rose, common
buckthorn, Oriental bittersweet, and ground-ivy,

which are covered in more detail in other

sections of this chapter. Species that
may be common in old fields and other
areas of anthropogenic disturbance,
such as porcelainberry and swallow-
worts (covered in the “Grasslands and
Early-Successional Old Fields” section,
page 78), can be invasive along rivers
and streams where scouring spring floods
occur. Swallow-worts, for example, occur
in areas subject to hydrologic extremes
such as alvar communities of the eastern
Lake Ontario region or New England
coastal areas (Lawlor 2002). Species
that seem to have a particular affinity
for wetland and riparian communities
include common reed, reed canarygrass,
purple loosestrife (fig. 5-5), glossy buck-
thorn, Japanese knotweed (Polygonum
cuspidatum), and mile-a-minute.

Figure 5-5—Reed canarygrass and purple loosestrife grow in dense patches
on the typically rocky shore of the Penobscot River (Eddington, Maine). (Photo
by Alison C. Dibble.)
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Role of Fire and Fire Exclusion in
Promoting Nonnative Invasives in
Riparian and Wetland Communities

There is little published literature on the role of
fire or fire exclusion in promoting plant invasions in
riparian communities or wetlands in the Northeast
bioregion. However, managers should be alert to the
possibility of invasion by nonnative species after wild
or prescribed fires, and the possibility that wetland
areas adapted to frequent fires could be invaded in
the absence of fire by nonnative woody species such
as glossy and common buckthorn (Moran 1981).

Studies in the north-central United States and ad-
jacent Manitoba, Canada, indicate that common reed
is not typically damaged by fire because it has deeply
buried rhizomes that are often under water, and the
heat from most fires does not penetrate deeply enough
into the soil to injure them. When fire consumes the
aboveground foliage of common reed, new top growth
is initiated from the surviving rhizomes. Rhizomes
may be damaged by severe fire when the soil is dry and
humidity low (Uchytil 1992b, FEIS review). Fires of
this severity are likely to occur only under conditions
of artificial drainage and/or severe drought.

Reed canarygrassis a cool-season, rhizomatous grass
that can form dense, monotypic stands in marshes,
wet prairies, wet meadows, fens, stream banks, and
swales (Hutchison 1992b) (fig. 5-6). It is native to North
America and also to temperate regions of Europe and
Asia(Rosburg2001; Solecki 1997). Inthe United States,
cultivars of the Eurasian ecotype have been developed
forincreased vigor and thus may be more invasive than

Figure 5-6—Reed canarygrass quickly filled this low conifer
forest when the hydrology changed and the overstory died.
The forest had previously contained only a sparse understory
layer. (Photo by Alison C. Dibble.)
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native ecotypes (Wisconsin Department of Natural Re-
sources 2004). Reed canarygrassis considered a threat
to native wetlands because of its rapid early growth,
cold hardiness, and ability to exclude desired native
plants (Hutchison 1992b; Lyons 1998, TNC review;
Wisconsin Department of Natural Resources 2004).
Anthropogenic disturbance and alteration of water
levels encourage its spread (Wisconsin Department
of Natural Resources 2004). Reed canarygrass seems
well adapted to survive and reproduce after fire, but
its response to wildfire has not been described in the
literature. Burning of a Minnesota wetland followed
by repeated herbicide application led to extensive
germination of reed canarygrass from the seed bank,
probably because of increased light at the soil surface
(Preuninger and Umbanhowar 1994).

Glossy buckthorn is similar to common buckthorn
(see table 5-2) in its reproductive biology and some-
times invades similar woodland habitats, but it more
commonly invades moist to wet sites that are not fully
flooded (Andreas and Knoop 1992; Frappier and others
2003; Taft and Solecki 1990). Reviews indicate that
it grows best in drier parts of wetlands, in wetlands
where some drainage has occurred, and possibly where
fires have been excluded (Converse 1984a; Larson and
Stearns 1990). Glossy buckthorn recruitment is most
successful with ample light and exposed mineral soil.
Burning to maintain vigor of the native plant com-
munity may prevent glossy buckthorn seedling estab-
lishment; however, if seed sources occur near burned
areas, seedlings can establish readily on exposed soils.
Glossy buckthorn also sprouts from roots or the root
crown after fire (Catling and others 2001; Post and
others 1990). In a calcareous fen in Michigan burned
in the fall, glossy buckthorn stem density was twice
as great the summer after burning as the summer
before burning, and stems were one-third the height
of preburn stems (unpublished report cited in review
by Converse 1984a). On a prairie site in northwest
Indiana, prescribed fire in October resulted in complete
top-kill of glossy buckthorn, yet 1 year after fire there
was a 48 percent increase in total stems of glossy buck-
thorn. The site was burned again the following April
and sampled the following September with similar
results. Overall stem numbers increased 59 percent.
The authors suggest that prescribed burning may be
used to prevent seed set but that plants will resprout
(Post and others 1990).

Purple loosestrife is one of the most invasive species
of freshwater wetlands and riparian areas in North
America. It is an herbaceous perennial forb with buds
that overwinter on the root crown about 0.8 inches (2
cm) below the soil surface (DiTomaso and Healy 2003).
Surface fires are unlikely to provide enough heat or
burn long enough to cause substantial damage to
roots or the root crown of purple loosestrife (Munger
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2002d, FEIS review; Thompson and others 1987).
Information describing interactions between purple
loosestrife and fire are lacking, although it is likely
that purple loosestrife can survive fire by sprouting
from buds located below the soil surface. Fire may also
lead to recruitment of purple loosestrife seedlings due
to exposure of bare substrate containing a substantial
seed bank (Munger 2002d).

Two members of the buckwheat family (Polygo-
naceae), Japanese knotweed and mile-a-minute, are
especially invasive in riparian and freshwater wetland
communities. Japanese knotweed is an herbaceous
perennial that is widely distributed in much of the
eastern United States, where it spreads primarily along
river banks (fig. 5-7) but also occurs in wetlands, along
roadways, and in other disturbed areas (Seiger 1991,
TNC review). Japanese knotweed reproduces from seed
(Bram and McNair 2004; Forman and Kesseli 2003)
and perennial rhizomes that can extend 18 inches (46
cm) below ground, are 50 to 65 feet (15 to 20 m) long,
and can survive repeated control attempts. It can also
establish from rhizome and stem fragments. Once
established, Japanese knotweed spreads via rhizomes

Figure 5-7—Japanese knotweed spread from a nearby house
site to occupy at least 50 m along both sides of this stream in
Blue Hill Falls, Maine. (Photo by Alison C. Dibble.)
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to form virtual monocultures (Child and Wade 2000)
that are extremely persistent and difficult to control
(Seiger 1991). Given its extensive root system and its
response to repeated cutting, it seems likely to survive
even frequent, severe fire, though no peer-reviewed
reports are available on this topic.

Mile-a-minute is a prickly, annual, scrambling vine
that is especially prevalent along roadsides, ditches,
stream banks, wet meadows, and recently harvested
forest sites (Virginia Department of Conservation and
Recreation 2002c¢). A review by Kumar and DiTom-
maso (2005) indicates that mile-a-minute grows best
in sunny locations on damp soil but can also tolerate
light shade. The prickly stem and leaves allow it to
climb over neighboring vegetation and to form dense,
tangled mats that cover small trees and shrubs to a
height of about 26 ft (8 m) along forest edges. Mile-a-
minute reproduces by seed that is dispersed by birds
and mammals, as well as by water transport. Seeds
can remain dormant in the soil seed bank for at least
3 years (Kumar and DiTommaso 2005). Since mile-
a-minute thrives in gaps and disturbed areas and its
seed is widely dispersed by birds (Okay 2005, review),
fire could contribute to its increase; however, this has
not been documented.

Effects of Nonnative Plant Invasions on
Fuel Characteristics and Fire Regimes in
Riparian and Wetland Communities

We found no studies that specifically address changes
in fuel characteristics and fire behavior in riparian
or wetland communities in the Northeast bioregion.
Existing reports do not indicate that nonnative plant
invasions have altered the fire regimes in these com-
munities. The discussion of fuel properties here is
based on morphology and phenology of nonnative
invasives.

Common reed is perceived as a fire hazard where
it occurs in dense stands in wetlands. It produces
substantial amounts of aboveground biomass each
year, and dead canes remain standing for 3 to 4 years
(Thompson and Shay 1985). It has been suggested that
common reed colonies increase the potential for marsh
fires during the winter when aboveground portions of
the plantdie and dry out (Reimer 1973). Thompson and
Shay (1989) observed that, even when common reed
stands are green, the typically abundant litter allows
fires to burn. Additionally, head fires in common reed
stands may provide firebrands that ignite spot fires
more than 100 feet (30 m) away (Beall 1984, as cited
by Marks and others 1993).

Glossy buckthorn branches profusely from the base,
with dead stems often found among smaller, live
stems (Taft and Solecki 1990). Herbaceous fuels are
usually sparse beneath large glossy buckthorn shrubs
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or in dense thickets (Packard 1988). Where glossy
buckthorn invasion has reduced fine herbaceous fuels
and increased dead woody fuels, fire behavior may be
altered.

Purple loosestrife is difficult to burn, based on re-
ports from managers who attempted to use prescribed
fire to control it (Munger 2002d). Such attempts are
commonly described as being confounded by moist soil
conditions and patchy fuel distribution. A persistent
stand of purple loosestrife could alter fuel conditions
and fire behavior if it displaces native vegetation that
is more flammable, and could thus further alter plant
community composition. There is, however, currently
no empirical evidence of such effects from purple loos-
estrife invasion.

Use of Fire to Control Nonnative
Invasive Plants in Riparian and Wetland
Communities

Prescribed fire is not likely to be a useful control
measure for invasive species in plant communities
where fires are typically rare and native species are
not fire-adapted. Many forested wetlands, for example,
are typically too wet to burn except during drought.
Conversely, herbaceous wetlands commonly support
native species that are adapted to frequent fire (Frost
1995; Wade and others 2000), and prescribed fire may
be useful for controlling nonnative invasives in these
communities.

Prescribed fire and herbicides are often used, alone
and in combination, to manage common reed in wet-
landsin the Northeast bioregion and adjacent Canada.
Forexample, fire hasbeen used toreduce common reed
in marshes at Prime Hook National Wildlife Refuge
near residential areas of Delaware (Vickers 2003).
However, little published quantitative information
is available regarding the efficacy of fire. Prescribed
burning alone removes accumulated litter and results
in a temporary decrease in aboveground biomass of com-
mon reed, but fire does not Kkill plants unless rhizomes
are burned and killed. This seldom occurs because the
rhizomes are usually covered by a layer of soil, mud, and/
or water (Marks and others 1993).

Season of burning may influence postfire response
of common reed. Researchers in Europe found that
burning common reed in winter caused little dam-
age, while burning during the emergence period
killed the majority of common reed shoots (Toorn and
Mook 1982). Spring burning at the Delta Marsh in
Manitoba removes litter and promotes a dense stand
of even-aged canes, whereas summer burning results
in stunted shoots and may control vegetative spread
(Thompson and Shay 1985; Ward 1968). Both spring
and fall burning of common reed resulted in greater
shoot biomass, and summer burns resulted in lower
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shoot biomass in comparison with controls, while
total shoot density on all burned plots was higher on
controls. Similarly, belowground production in com-
mon reed was higher by mid-September on spring
and fall burns than on controls, but was not higher on
summer burns. Summer burns resulted in increased
species diversity, richness, and evenness, while these
community characteristics were not altered by spring
and fall burns (Thompson and Shay 1985).

Burning is sometimes used in conjunction with her-
bicide treatments and manipulation of water levels to
control common reed. Clark (1998) found that herbicide
applied latein the growing season, followed by dormant
season prescribed fire and a second herbicide applica-
tion the following growing season, was more effective
than spraying alone. A significant decrease in density
and frequency of common reed was recorded in spray-
burntreatments compared to pretreatment measures,
untreated controls, and spray only treatments (Clark
1998). At Wertheim National Wildlife Refuge in New
York, common reed was eliminated from a freshwater
impoundment that was drained in the fall, burned the
following winter, and then reflooded. Common reed
remained absent for at least 3 years following treat-
ment (Parris, personal communication cited by Marks
and others 1993). The same TNC review presents
several additional case studies documenting attempts
to control common reed using prescribed fire.

Reed canarygrassisdifficult to control because it has
vigorous, rapidly spreading rhizomes and forms alarge
seed bank (Hoffman and Kearns 2004, Leck and Leck
2005); in addition, control efforts could reduce native
ecotypes of this species or harm other native species
(Lavergne and Molofsky 2006, review; Lyons 1998).
Effects of prescribed fire on reed canarygrass vary.
Moist bottomlands in Wisconsin undergoing restora-
tion from agriculture to tallgrass prairie were burned
on a 3-year rotation—one group of plots in late March
and another group in mid-July. Neither frequency nor
cover of reed canarygrass changed significantly in
any of the treatments (no burn, spring burn, summer
burn) (Howe 1994b). A review by Apfelbaum and Sams
(1987) included an account of burning of wet prairie
in Illinois every 2 to 3 years. This treatment appeared
to restrict reed canarygrass to disturbed sites and
prevent spread into undisturbed wetland. The effects
of burning reed canarygrass at different seasons have
not been studied for wetlands. Hutchison’s (1992b)
management guidelines suggest that late spring or
late autumn burning for 5 to 6 consecutive years
may produce “good control” of reed canarygrass in
wetlands, but that treatment will be ineffective unless
desired species are present or seeded in. Prescribed
fires may be difficult to conduct in stands dominated
by reed canarygrass because of high water levels and
vegetation greenness. Management guidelines from
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the Wisconsin Department of Natural Resources (2004)
suggest that treatment with glyphosate could make
fall burning more feasible. Because reed canarygrass
alters water circulation, increases sedimentation, and
may increase the uniformity of wetland microtopogra-
phy (Zedler and Kercher 2004), restoration of invaded
ecosystems is likely to require restoration of physical
structure of the habitat and seeding.

Theliterature on glossy buckthorn, largely anecdotal,
suggests that prescribed fire may be used to control
this species, especially in communities adapted to
frequent fire (for example, Heidorn 1991; Larson and
Stearns 1990). According to a management guideline
by Heidorn (1991), regular prescribed fire (annual or
biennial burns for 5 or 6 years or more) can control both
glossy and common buckthorns in communities adapted
to frequent fire such as fens, sedge meadows, and
marshes. A review by Converse (1984a, TNC review)
suggests glossy buckthorn can be reduced by cutting
in the spring at leaf expansion and again in the fall,
followed by spring burning the next 2 years. Postfire
sprouts of glossy buckthorn may be more susceptibile
to herbicides (Converse 1984a) or other control mea-
sures. McGowan-Stinski (2006, review) indicates that
the season after mature buckthorn shrubs have been
removed from an area, large numbers of seedlings are
likely to germinate; in addition, untreated saplings
and/or resprouts are likely to occur. He suggests con-
trolling seedlings, saplings and sprouts by burning
them with a propane torch in the first growing season
after removal of adults. It is most efficient to torch
seedlings and saplings at the stem base until wilting
occurs. Repeat treatment could be needed. Seedlings
are usually not capable of resprouting if torched before
August (McGowan-Stinski 2006).

In a forested swamp dominated by white ash and
red maple in the Berkshire Hills of western Massa-
chusetts, Morrow’s honeysuckle dominated a dense
shrub understory, and Japanese barberry was a
common associate. Richburg (2005) compared treat-
ments to reduce the ability of these species to store
root carbohydrates. A growing season cut followed by
fall burning and a cut the next year had the greatest
effect on reducing nonstructural carbohydrates for
Morrow’s honeysuckle. For Japanese barberry, this
treatment and the dormant-season cut led to the low-
est root carbohydrate levels, which was interpreted
as a decrease in plant vigor. Plots cut in the dormant
season had taller sprouts and greater growth rates
by late summer 2003 than plots treated during the
growing season.

For three additional species, use of fire as a control
method is ineffective or not well-known. The use of
fire as a control measure for purple loosestrife has
been largely dismissed as ineffective. Attempts to
burn residual biomass following cutting or herbicide
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treatments may merely resultin recruitment of purple
loosestrife seedlings where burning exposes soil
containing a substantial seed bank (Munger 2002d).
Burning Japanese knotweed when it is actively grow-
ing is not recommended as an effective control method
according to a control manual published in England
(Child and Wade 2000). There is no information in the
literature regarding the use of fire to control mile-a-
minute. Control efforts should focus on eliminating
or reducing seed output, especially near waterways,
and avoiding disturbance and the creation of gaps in
existing vegetation (Okay 2005).

Emerging Issues in the Northeast
Bioregion

As nonnative invasive plants continue to spread
into previously uninvaded areas and managers gain
experience with their control, questions and concerns
about the relationship of invasive species to fire will
also change. Some of the following matters are under
active discussion in the region:

Fuel Properties of Invaded
Northeastern Plant Communities
and Influences on Fire Regimes

Ducey (2003) pointed out the inadequacy of fuels
information specific to the Northeast, especially
regarding heat content of dead fuels. Currently fuel
models must be extrapolated from models developed
in western vegetation types. The Photo Series for the
Northeast (http:/depts.washington.edu/nwfire/dps/)
will be an important resource but will not focus on
invaded fuel beds. Dibble and others (2007) assessed
the relative flammability of native versus nonnative
fuels for 42 species, but more research is needed.

Fuel accumulations that may exceed reference condi-
tionsin forested areas have resulted from fire exclusion,
extensive mortality of dominant tree species, severe
weather events such as the region-wide ice storm in
January 1998, and encroachment by nonnative invasive
plants. In some locations in the Northeast, nonnative
invasive grasses form a more continuous fine surface
fuellayer than occurred in nearby uninvaded conditions
(Dibble and Rees 2005). At other locations, invasive
vines have become common and can act asladder fuels.
However, it is not known if these changes in fuel bed
characteristics will result in an increase in fire size,
frequency, and/or severity.

Vulnerability of Forest Gaps to Invasion

Just as millions of American chestnut trees suc-
cumbed in the 1900s to chestnut blight (Cryphonec-
tria parasitica), so we are likely to see continued tree
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mortality in the northeastern bioregion associated
with insects and diseases. Agents of tree mortality
include:

Hemlock wooly adelgid (Adelges tsugae)
Gypsy moth (Lymantria dispar)

Sudden oak death (Phytophthora ramorum)
White pine blister rust (Cronartium ribicola)
Balsam wooly adelgid (Adelges piceae)
Dutch elm disease (Ophiostoma ulmi)
Spruce budworm (Choristoneura fumiferana)
Asian long-horned beetle (Anoplophora
glabripennis)

European wood wasp (Sirex noctilio)
Emerald ash borer (Agrilus planipennis)

Of these, only spruce budworm is native to North
America. The impact of high tree mortality probably
exceeds the impact of fire in promoting invasive plants
in this bioregion. Additionally, the effects of salvage
operations following insect kill, and timber harvest in
general, may introduce and promote invasive species.
In salvage operations, log yards and skid trails are
often the sites and corridors for new infestations of
nonnative invasive plants. Tree-of-heaven hasinvaded
harvested stands in Virginia (Call and Nilsen 2003,
2005) and West Virginia (Marsh and others 2005), and
Japanese stiltgrass established after timber harvest
in eastern Tennessee (Cole and Weltzin 2004). Open-
ings in infested stands might be invaded by nonnative
honeysuckles, Oriental bittersweet, Japanese barberry,
tree-of-heaven, invasive grasses, or other nonnative
plants. The presence of these species could alter fu-
elbed structure and possibly biomass and seasonal
drying patterns.

Global Climate Change

Population expansions by nonnative plants in the
Northeast are likely to be facilitated by a warming
climate, which is expected to continue to increase the
frequency and intensity of disturbances and thus op-
portunities for invasion. Recent models (Adger and
others 2007; Intergovernmental Panel on Climate
Change 2001)indicate that climate change will reduce
snowfall and alter streamflow in eastern forests. These
effects would be accompanied by greater uncertainty
in weather. Ice storms, hurricanes, and episodes of
drought are expected toincrease in frequency, intensity,
or duration. These events may result in more frequent
wildfire, accompanied by increases in nonnative inva-
sives favored by fire.

Interactions Between Nonnative Invasive
Plants, Fire, and Animals

Informationisneeded on changesin wildlife nutrition
that come about when nonnative plants are burned
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in the Northeast bioregion. Lyon and others (2000b)
reviewed changes in nutritional content of wildlife
foods when vegetation is burned, but they focused on
native plant communities.

Invertebrate species may affect the relationships
between fire and plant communities. In New Jersey
hardwoods (oaks, yellow poplar, maple), areasinvaded
by Japanese barberry and Japanese stiltgrass differed
from uninvaded areas not only in plant composition and
structure but also in forest floor properties. Invaded
areas had higher pH, thinner litter and organic layers
(Kourtev and others 1998), and higher nitrate concen-
trations accompanied by greater nonnative earthworm
density (Kourtev and others 1999). Earthworms are
an important wildlife food (for example, for American
robin, and woodcock) and their abundance could lead
to altered behavior and habitat use. Because they con-
sume the litter layer, they may influence the potential
for surface fires.

Conclusions

The highly fragmented landscape, proximity of the
wildland urban interface, and large number of non-
native species that occur in the Northeast bioregion
complicate land management decisions, including fire
and fuel management. A relative lack of peer-reviewed
literature on the relationships between fire and inva-
sive plants for this bioregion further challenges the
manager to make informed decisions. Managers must
consider the possibility of nonnative species establish-
ing or spreading after wild or prescribed fire. Ideally,
monitoring for invasive species and far-sighted mitiga-
tion will be included in their fire management plans.
Available information suggests that some nonnative
invasive plants have potential to alter fuel character-
istics and that these differ from reference conditions
(for example, Dibble and Rees 2005).

When planning prescribed fire with the objective
of controlling invasives, fire impacts on all species
must be considered and efforts made to prescribe a
fire or fire regime that will favor native vegetation
over invasive plants. Use of fire to control invasives
in a plant community where the fire is outside refer-
ence conditions could produce undesired effects on the
native community. Additional considerations for the
use of prescribed fire for controlling invasive plants
in the Northeast bioregion include:

1. Itisimportantto prioritize safety and compliance
with air quality and other regulations within the
wildland-urban interface.

2. Cooperation among adjoining landowners is
key.

3. Multiple control methods and repeated treatments
are likely to be needed to reduce most invasive
plant populations.
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4. Implemention ofhigh-quality,long-term monitor-
ing, archiving of data, and information sharing
are essential components of a successful control
project.

Resources Useful to Managers in the
Northeast Bioregion

Because peer-reviewed literatureislimited regarding
the relationship between fire and nonnative invasive
plantsinthe Northeast bioregion, information sharing
by managers can be especially effective:

A listserve maintained by the Mid-Altantic
Exotic Pest Plant Council enables managers
to relate their successes and failures using
control treatments, including prescribed burn-
ing (Www.ma-eppc.org).

Spread of nonnative invasive plants in six
New England states is tracked by county in
an online atlas (Invasive Plant Atlas of New
England, http://invasives.uconn.edu/ipane/),
based on herbarium specimens. Information
on weed control is also included (Mehrhoffand
others 2003).
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The Virginia Native Plant Society offers fact
sheets about nonnative invasive plants at
http://www.dcr.state.va.us/dnh/invlist.htm.
These fact sheets cover use of prescribed fire
as a management tool, though fire effects are
rarely noted and few references are given.
Rapid assessment reference condition models
are available for several “potential natural
vegetation groups” in the Northeast biore-
gion through the LANDFIRE website (http://
www.landfire.gov). Model descriptions can
be downloaded and compared to existing
conditions. This can aid in estimating fuel
loads and fire regime characteristics that are
desirable in restoration projects and hazard
fuels management.
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Randall Stocker
Karen V. S. Hupp

Chapter 6:

s

Fire and Nonnative Invasive Plants
in the Southeast Bioregion

Introduction

This chapteridentifies major concerns about fire and
nonnative invasive plants in the Southeast bioregion.
The geographic area covered by this chapter includes
the entire States of Louisiana, Mississippi, and Florida;
all except the northernmost portions of Delaware and
Maryland; the foothill and coastal ecosystems of Vir-
ginia, North Carolina, South Carolina, Georgia, and
Alabama; and the lower elevation plant communities
of Arkansas, southeastern Missouri, southeastern
Oklahoma, southwestern Tennessee, and eastern
Texas. This area coincides with common designa-
tions of the Atlantic Coastal Plain and the Piedmont
(the plateau region between the Atlantic and Gulf of
Mexico Coastal Plain and the Appalachian Mountains).
Soils are generally moist year-round, with permanent
ponds, lakes, rivers, streams, bogs, and other wetlands.
Elevations vary from 2,407 feet (734 m) on Cheaha
Mountain, Alabama, to—8 feet (—2.4 m)in New Orleans,
Louisiana (USGS 2001). Westerly winds bring winter
precipitation to the bioregion, and tropical air from
the Gulf of Mexico, Atlantic Ocean, and Caribbean
Sea brings summer moisture. Southward through this
region the contribution of winter rainfall decreases, as
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does the frequency of freezing temperatures. Tropical
conditions occur at the southern tip of Florida. The
percentage of evergreen species and palms (Serenoa
spp., Sabal spp.) increases along this climate gradient
(Daubenmire 1978).

Plant communities within this portion of the tem-
perate mesophytic forest are complex and subject to
a long history of natural and anthropogenic distur-
bance. Various methods have been used to estimate
the dominant presettlement forest types. Plummer
(1975) reported that pine (Pinus spp.) and post oak
(Quercus stellata) were the dominant trees on histori-
cal survey corner tree lists in the Georgia Piedmont,
and Nelson (1957) used soil type to estimate that 40
percent of the Piedmont was dominated by hardwood
species, 45 percent was in mixed hardwood and pine
stands, and 15 percent was predominantly pine. On
the southeastern Coastal Plain, pine savannas may
have covered between two-thirds and three-fourths of
the area (Platt 1999).

Currently, forests include a mosaic of mostly decidu-
ous angiosperms that form a dense canopy of tall trees
with a “diffuse” layer of shorter, shade-tolerant trees,
interspersed with disturbance- (mostly fire-) derived
pine stands (Daubenmire 1978). Vines are common and
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frequently include native grape (Vitis spp.) species.
Large streams often have extensive floodplains and
oxbows, and areas where the water table occurs at or
near the surface year-round usually support stands of
bald cypress (Taxodium distichum). Coastal dunes are
often populated by American beachgrass (Ammophila
breviligulata) from North Carolina northward and by
sea-oats (Uniola paniculata) throughout the region.
Salt water-influenced wetlands occur landward of
coastal dunes and are dominated by a variety of spe-
cies including inland saltgrass (Distichlis spicata),
needlegrass rush (Juncus roemerianus), smooth
cordgrass (Spartina alterniflora), and saltmeadow
cordgrass (Spartina patens) (Daubenmire 1978).

While nonnative plants can be found throughout
this region, the highest proportion of nonnative plants
is found in southern Florida (Ewel 1986; Long 1974).
Prior to this century’s increase in transport and trade,
the southern Florida peninsula had geographical and
geological barriers to plant species introductions from
the north, and surrounding waters provided barri-
ers to tropical species introductions. More recently,
southern Florida has become especially vulnerable to
nonnative plant invasions because of a large number
of temperate and tropical species introductions for
horticulture (Gordon and Thomas 1997), the proximity
of the introduction pathways to potentially invasible
habitats, and the relatively depauperate native flora
(Schmitz and others 1997). Additional human-caused
changes in hydrology, fire regime, and salinity have
combined to increase the vulnerability of the vast
low elevation freshwater wetlands south of Lake
Okeechobee (Hofstetter 1991; Myers 1983).

Discussion of fire and nonnative plant interactions
is complicated by the limited number of experimental
field studies, the lack of a complete understanding of
presettlement fire regimes, and the unknown effects of
increasing atmospheric carbon dioxide and nitrogen and
other aspects of climate change (Archer and others 2001).
Complications notwithstanding, a better comprehension
of the factors and forces at work is critical to developing
fire and other habitat management practices that pro-
vide a more effective means of achieving ecological and
societal objectives (D’Antonio 2000).

Fire in the Southeast Bioregion

Naturally occurring fires are, and were, common
in this region (for example, Chapman 1932; Harper
1927; Komarek 1964; Platt 1999; Stanturf and others
2002). The Southeast includes locations with some of
the highest lightning incidence levels on earth. Six of
the eight highest lightning-strike rates in the United
States are found in the southeastern region (Tampa-
Orlando, Florida; Texarkana, Arkansas; Palestine,
Texas; Mobile, Alabama; Northern Gulf of Mexico;
and Gulf Stream-East Carolinas).
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Little is known about “natural” or prehistoric fire
regimesin the Southeast. During the interval between
the retreat of the ice 18,000 years ago and the initial
influence of Native Americans beginning around 14,000
years ago, variationsin soil moisture, lightning strikes,
fuel accumulation, and disturbance history likely re-
sulted in a wide range of fire-return intervals, from
as short as one year to as long as centuries. Similarly,
fire severities probably ranged from minor fires in the
understory to stand-replacement events (Stanturfand
others 2002).

Fire frequency and severity were important factors
in the evolution of southeastern plant communities
(Komarek 1964, 1974; Platt 1999; Pyne 1982a; Pyne and
others 1984; Snyder 1991; Van Lear and Harlow 2001;
Williams 1989), and fire contributes to the high diver-
sity of communities such as pine and shrub (pineland)
communities of south Florida (Snyder 1991) and pine
savannas (Platt 1999). Estimates of presettlement fire
regime characteristics are summarized in reviews by
Wade and others (2000) and Myers (2000) for major
vegetation types in the Southeast bioregion.

Substantial evidence from many disciplines sup-
ports the contention that fire was widespread prior
to European arrival (Stanturf and others 2002). Fires
induced by native peoples created and maintained open
woodlands, savannas, and prairies (McCleery 1993;
Williams 1989), and kept forests in early successional
plant communities. Native peoples often burned up
to twice a year and extended the fire season beyond
summer lightning-induced fires (Van Lear and Harlow
2001).

After adopting the practices and utilizing the
clearings made by native people, European settlers
influenced fire patterns and plant communities by
expanding areas of agricultural clearing and re-
peated burning (Brender and Merrick 1950; Stoddard
1962; Williams 1992), maintaining permanent fields
(Stanturf and others 2002), introducing large herds of
hogs and cattle (McWhiney 1988; Stanturf and others
2002; Williams 1992), and heavily logging coastal pine
forests, bald cypress, and bottomland hardwood stands
(Stanturf and others 2002; Williams 1989). Frequent
anthropogenic burning, in combination with grazing
cattle and feral pigs, eliminated regeneration of pine
and other woody species in large areas (Brender and
Merrick 1950; Frost 1993).

Subsequent land and fire management practices and
policies oscillated between periods of controlled burn-
ing and fire exclusion, and varied from place to place
(Brueckheimer 1979; Johnson and Hale 2000; Paisley
1968; Stoddard 1931). This range of fire practices
was not the result of carefully planned and organized
management strategies but instead was a reaction to
political and social influences at a variety of geographi-
cal scales, local to regional. Little scientificinformation
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was available, especially in the early years, to inform
the ongoing debate over fire exclusion and controlled
burning (Frost 1993). Intentional burning practices
rarely attempted to mimic presettlement fire condi-
tions (Doren and others 1993; Drewa and others 2002;
Platt 1999; Platt and Peet 1998; Slocum and others
2003) but were conducted mainly for agriculture and
land clearing.

Contemporary objectives of controlled burns in the
Southeast bioregion include hazard fuels reduction,
wildlife habitat improvement, and range manage-
ment (Wade and others 2000). Increasing numbers of
acres are being burned for ecosystem restoration and
maintenance (Stanturfand others 2002) and to sustain
populations of rare and endangered plants (Hessl and
Spackman 1995, review; Kaye and others 2001; Lesica
1996). Contemporary fire management practices often
strive to recreate presettlement fire regimes, assuming
that this will promote maximum diversity (Good 1981;
Roberts and Gilliam 1995). Because presettlement fire
regimes are not always well understood, however, it
is difficult to design a fire management program to
meet this objective (Slocum and others 2003).

The negative consequences of past fire management
practices have been interpreted as an “ecological
disaster” (Brenner and Wade 2003). Exclusion of
fire from southeastern pine savannas, for instance,
has been blamed for loss of fire-adapted, species-rich
herbaceous ground cover and subsequent increase in
less fire-tolerant native and nonnative woody species
(DeCoster and others 1999; Heyward 1939; Platt 1999;
Slocum and others 2003; Streng and others 1993;
Walker and Peet 1983).

Fire and Invasive Plants in the Southeast
Bioregion

Fire can contribute to the establishment and spread
of nonnativeinvasive plants under some circumstances
(Mack and D’Antonio 1998). Melaleuca (Melaleuca
quinquenervia), for instance, invades fire-cleared
mineral soils in south Florida (Myers 1975).

Fire exclusion has also been blamed for reducing
native species in favor of nonnatives in fire-adapted
communities. For example, Chinese tallow (Triadica
sebifera) invades fresh marshes (Grace 1999), and
Brazilian pepper (Schinus terebinthifolius) invades
subtropical pine habitats (Myers 2000) in the absence
of fire. Exclusion of fire from longleaf pine (Pinus palus-
tris) communities generally results in woody species
overtopping herbs, thicker dufflayers, and changes in
nutrient availability that “all favor extrinsic species at
the expense of endemic residents” (Wade and others
2000, page 66).

Nonnative plant invasions can affect fuel and fire
characteristics in invaded communities (Brooks and
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others 2004; Chapter 3) and may subsequently reduce
native plant density and diversity. Altered fuel char-
acteristics associated with some invasive species may
result in fires that kill native plants but not fire-resis-
tant invasive species (Drake 1990; Pimm 1984). For
example, cogongrass (Imperata cylindrica)invasionsin
Florida sandhills increase biomass, horizontal continu-
ity, and vertical distribution of fine fuels, compared to
uninvaded pine savanna. Fires in stands invaded by
cogongrass have higher maximum temperatures than
fire in uninvaded stands (Lippincott 2000) and may
therefore cause greater mortality in native species
than fires fueled by native species. Melaleuca invasion
can alter the vertical distribution of fuels such that
communities that typically experienced low-severity
surface fires have a greater incidence of crown fire in
invaded communities (Myers 2000). Conversely, Brazil-
ian pepper and Chinese tallow develop dense stands
that suppress native understory grasses, resulting in
lower fine fuel loads than the fire-maintained plant
communities being replaced (Doren and others 1991;
Grace and others 2001). Lower fuel loads may lead to
reduced fire frequency and lower fire severity, which
may favor the fire sensitive seedling stages of the
invasives (Mack and D’Antonio 1998).

Controlled burning is sometimes used in an ef-
fort to manage invasive plants in the Southeast.
However, D’Antonio’s review (2000) suggests that
fire-versus-invasives results are highly variable and
depend on fire intensity, time of burning (Hastings
and DiTomaso 1996; Parsons and Stohlgren 1989;
Willson and Stubbendieck 1997), weather, and the
status of the remaining seed bank (Lunt 1990; Parsons
and Stohlgren 1989). It is also important to note that,
while dormant season fires have been recommended to
control invasive shrubs in grasslands, they may result
in increases in nonnatives (Richburg and others 2001,
review). It has been recommended that, if fire is used
to reduce populations of nonnative invasive plants,
burning should be timed to reduce flowers and/or seed
production, or at the young seedling/sapling stage
(chapter 4). Spot-burning very small populations of
invasive plants has alsobeen recommended as “cheaper
and easier than implementing a prescribed fire” (Tu
and others 2001).

The limited number of replicated, long-term, field
experiments on fire and invasive plants reflects the
very difficult nature of conducting the needed stud-
ies. Even where detailed measurements of the effects
of fire on native and nonnative plant species have
been collected, the studies are typically short-term
and do not necessarily reflect longer-term changes
(Freckleton 2004; Freckleton and Watkinson 2001).
More research is needed over longer periods of time
to better understand the relationships between fire
and invasive species in the Southeast bioregion.
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The remainder of this chapter presents information
on the known relationships of fire and invasive plant
species for five major plant habitats: wet grassland,
pine and pine savanna, oak-hickory (Quercus—Carya)
woodland, tropical hardwood forest, and a brief treat-
mentof cypress (Taxodium distichum)swamp (fig. 6-1).
For each habitat except cypress swamp, a summary
is provided of the role of fire and fire exclusion in
promoting invasions by nonnative plant species, fire
regimes changed by plant invasions, and use of fire to
manage invasive plants, with an emphasis on those
speciesincludedin table 6-1. The final section presents
general conclusions and emerging issues relating to
fire and invasive species management in the South-
east bioregion. All parts of the Southeast have been
and continue to be affected by management practices
including fire exclusion, controlled burning, or both
(Brenner and Wade 2003; Freckleton 2004 ). Therefore,
we have made no attempt to make a distinction be-
tween “more managed” (for example, pine plantations)
and “less managed” (for example, conservation areas)
ecosystems in this section.

Wet Grassland Habitat
Background

The term “wet grasslands” is used here to include
the Everglades region of southern Florida, grassland

| Oak Hickory
| Pine & Pine Savanna
| Wet Grassland
|| Cypress Swamp
[#7+. Tropical Hardwood Forest

Figure 6-1—Approximate distribution of major plant habitats
in the Southeast bioregion. Upland grasslands and palmetto
prairie are not identified here.
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savannas with cabbage palm (Sabal palmetto) and cy-
pressin Florida (Kiichler’s (1964) palmetto prairie and
cypress savanna, respectively), and the coastal grass-
dominated wetlands from Virginia to Texas (Kiichler’s
(1964) northern and southern cordgrass (Spartina
spp.) prairie). Native species in these wetlands in-
clude smooth cordgrass dominating tidally flushed
saltmarshes; smooth and gulf cordgrass (Spartina
spartinae), needlegrass rush, pickleweed (Salicornia
spp.), inland saltgrass, saltmeadow cordgrass, and
saltmeadow rush (Juncus gerardii) in less frequently
flooded more inland marshes. Aquatic species in fresh
marshes include pond-lily (Nuphar spp.), waterlily
(Nymphaea spp.), wild rice (Zizania aquatica), cut-
grass (Zizaniopsis miliacea), pickerelweed (Pontedaria
cordata), arrowhead (Sagittaria spp.), cattail (Typha
spp.), maidencane (Panicum hemitomon), spikerush
(Eleocharis spp.), and sedges (Carex spp.) (Wade and
others 2000).

While wet grassland communities border many dif-
ferent habitats, some of the smallest non-graminoid
dominated types include 1-to-several acre (0.5-to-
several hectare) hardwood forest sites found within
marsh, prairie, or savannain southern Florida. Locally
termed “tree islands,” fire in these locations is usually
driven by processes in the adjacent plant community,
and special features related to the spread of fire into
the tree islands from adjacent wet grasslands are
discussed in the “Tropical Hardwood forest” section
of this chapter.

Wet grassland plant communities tend to be flam-
mable and are adapted to an environment of frequent
wet season (summer) fires (Leenhouts 1982; Schmalzer
and others 1991; Wade 1988; Wade and others 1980).
The following information on fire regimes in these
plant communities comes from Wade and others (2000)
and Myers (2000) (see these reviews for more detail).
Presettlement fire regimes in wet grasslands in much
of the coastal region in the Southeast are classified
as stand-replacement types with 1- to 10-year return
intervals (Myers 2000; Wade and others 2000).

Fire behavior differs among wet grassland types
due to differences in flammability of dominant spe-
cies, which vary with groundwater levels and salin-
ity. Cordgrass communities in coastal salt marshes
tend to be quite flammable, with green tissues of
saltmeadow cordgrass and gulf cordgrass capable of
burning several times during a growing season. Fire
in these communities will carry over standing water.
Flammability in fresh and brackish marshes is more
variable due to considerable plant diversity. Grass
dominated stands generally experience more intense
and continuous fires than forb and sedge dominated
stands with important exceptions, including cattail
and sawgrass stands (Cladium jamaicense) (Myers
2000; Wade and others 2000).
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Postfire succession patterns in wet grasslands are
influenced by season of burning and the interplay
of hydroperiod and fuels, which together determine
whether fires are lethal or nonlethal to the dominant
species. Hydroperiod factors that influence the effect of
fire on belowground plant parts and substrate include
proximity to the water table, tidal conditions, and
drought cycles. In most cases, the aboveground veg-
etation is consumed by fire, and the dominant species
that make up the fuel sprout from underground buds,
tubers, or rhizomes after fire. Peat fires and postfire
flooding are two disturbance events that can kill both
above- and belowground organs of existing vegetation.
Severe peat fires can occur in organic substrates when
severe drought coincides with low water table levels.
Vegetation can also be killed by water overtopping
recovering vegetation after a fire. Successional species
would be expected to be primarily those represented in
the seed bank (Myers 2000; Wade and others 2000).

In some areas, native wet grassland communities
have been altered by fire exclusion, allowing invasion
of woody species. Fire is now being reintroduced in
many areas to restore native species compositions (for
example, see Leenhouts 1982).

Role of Fire and Fire Exclusion in
Promoting Nonnative Plant Invasions in
Wet Grasslands

Fire exclusion in wet grasslands during the past
century has resulted in less frequent but more severe
firesthan occurred prior to European settlement. These
fires have opened up wet grasslands to invasion by
nonnative plant species (Bruce and others 1995).

Melaleuca is well adapted to survive fire and to es-
tablish and spread in the postfire environment. There
may not be many better fire-adapted tree species in
the world than melaleuca. Nicknamed the “Australian
fireproof tree” (Meskimen 1962), its native habitats
include fire-shaped ecosystems in Australia (Stocker
and Mott 1981). It produces serotinous capsules (le
Maitre and Midgley 1992) that release as many as 20
million seeds per tree (Woodall 1981) following fire.
Complete capsule dehiscence can occur as quickly
as a few days following a crown fire (Woodall 1983).
Seedlings establish on fire-cleared mineral soil and
can survive fire within a few weeks or months after
germination (Meskimen 1962; Myers 1975, 1983).
Melaleuca sprouts from roots and from epicormic
trunk buds to resume growth after fire. Although the
outer bark can easily burn (fig. 6-2), the trunk wood is
protected from fire damage by spongy inner bark that
is saturated with water (Turner and others 1998).

Fire is not necessary for melaleuca establishment
(Woodall 1981); in fact, melaleuca spreads readily
with changes in hydrology and mechanical damage
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to habitats (Cost and Carver 1981). Nevertheless, its
ability to capitalize on burned areas is remarkable
(Hofstetter 1991; Myers 1983). “If melaleuca were
managed as a desired species, prescribed fire would be
the single mostimportant tool available to the resource
manager” (Wade 1981).

Melaleuca seedlings that establish after fire at the
height of the dry season may have 5 to 8 months’ ad-
vantage over native tree species such as south Florida
slash pine (Pinus elliottii var. densa) and bald cypress,
which release seed during the wet season (Wade 1981).
Other species that may establish and/or spread fol-
lowing fire in wet grasslands include climbing ferns
(Lygodium spp.) and the shrub chinaberry (Melia
azedarach). According to a review by Ferriter (2001),
Old World climbing fern (Lygodium microphyllum)
occurs in sawgrass marsh in southern Florida and
may spread following fire. No published information
was found related to the response of chinaberry to fire
in the Southeast; however, it reproduces vegetatively
from both stumps and roots following fire in Argen-
tina (Menvielle and Scopel 1999; Tourn and others
1999).

In areas where fire has been excluded from wet
grassland communities, native species are often

Figure 6-2—Melaleuca’s papery trunk. (Photo by Forest & Kim
Starr, United States Geological Survey, Bugwood.org.)
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replaced by a dense woody overstory composed of
nonnative invasive trees and/or shrubs (for ex-
ample, melaleuca, Chinese tallow, Brazilian pepper
and chinaberry). When this occurs, native species
numbers and diversity are dramatically reduced
(for example, Bruce and others 1995). It has been
suggested that fire exclusion can contribute to the
invasion of Chinese tallow into coastal prairies
(Bruce and others 1995; chapter 7; D’Antonio 2000).
Similarly, reduced fire frequency due to human-
induced changes to hydrology is blamed for invasion
of Brazilian pepper into sand cordgrass (Spartina
bakeri) and black rush (Juncus roemerianus) domi-
nated salt marshes in Florida’s Indian River Lagoon
(Schmalzer 1995).

The relationship between fire and fire exclusion
and the increase in Brazilian pepper in south Florida
wetlands is not well understood. Brazilian pepper
is not a fire-adapted species (Smith, C. 1985) and is
generally kept out by fire in adjacent pinelands (Loope
and Dunevitz 1981). The response to fire in wetlands
may not be the same as in pinelands, although the
field studies have not been conducted on “typical”
wetland plant communities. The limited published
research includes assessment of the effect of repeated
fire (generally every two years) on experimental plots
in highly altered “rock-plowed” limestone substrate.
Much of this formerly agricultural area was originally
sawgrass marsh, although many woody species in-
vaded the rock-plowed portions after the fields were
abandoned. Fire exclusion (control plots in this study)
resulted in increased Brazilian pepper stem density,
but Brazilian pepper stem density also increased in
burned plots (Doren and others 1991). The effects of
fire were related to the size of the Brazilian pepper
plant. Smaller, apparently younger plants were badly
damaged or killed by fire, while larger plants either
recovered completely or did not burn. The conclusion
of the authors was that Brazilian pepper invasion
progressed with or without fire, and that fire is not
an appropriate management tool for this unique area
(Doren and others 1991). Dry season wildfires are
thought to contribute to increasing Brazilian pepper
populations in “tree islands,” which are typically tree-
dominated areas within the wet grasslands of southern
Florida (Ferriter 1997, FLEPPC review) (see “Tropical
Hardwood Forest Habitat” section page 107).

Chinaberry may also invade wet grasslands where
fire has been excluded. This shrub occurs primarily
in disturbed areas but is also said to invade relatively
undisturbed floodplain hammocks, marshes, and up-
land woods in Florida (Batcher 2000b, TNC review),
although no additional information is available. In
Texas, riparian woodlands and upland grasslands have
also been extensively invaded by chinaberry (Randall
and Rice unpublished, cited in Batcher 2000b).
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Tall fescue (Lolium arundinaceum) is found on dis-
turbed upland grassland sites or where “the natural
fire regime has been suppressed (Eidson 1997)” (as
cited in Batcher 2004, TNC review).

Effects of Plant Invasions on Fuel and Fire
Regime Characteristics in Wet Grasslands

Several nonnative invasive plants are thought to
change fire regimes in wet grasslandsin the Southeast
bioregion by changing the quantity and/or quality of
fuels in invaded communities. Changes in fuels may
subsequently reduce or increase fire frequency and
severity. Examples of both cases are evident in wet
grassland plant communities.

Observational and limited experimental evidence
suggests that invasive hardwoods such as Chinese
privet (Ligustrum sinense), Chinese tallow, and Brazil-
ian pepper shade out and/orreplace native plant species
in southeastern marshes and prairies such that fine
fuel loads and horizontal continuity are reduced (for
example, Doren and Whiteaker 1990; Doren and others
1991; Grace 1999; Platt and Stanton 2003). When this
occurs, fire frequency and intensity may be reduced
and fire patchiness increased. However, there is little
experimental evidence to support these conjectures,
and more research is needed to better understand
the implications of these vegetation changes on fire
regimes.

Melaleuca invasion can have variable effects on
fuels and fire behavior. Large amounts of litter under
melaleuca stands (Gordon 1998) promote intense and
severe fires (Flowers 1991; Timmer and Teague 1991)
that are difficult to control and have large potential
for economic damage, loss of human life and property,
and negative ecological consequences (Flowers 1991;
Schmitz and Hofstetter 1999, FLEPPC review; Wade
1981). These high intensity fires promote melaleuca
establishment and spread, and reduce cover of native
species. Severe fire also removes the outer, highly-
flammable melaleuca bark layers, thus reducing the
probability of damage to mature melaleuca from subse-
quent fires (Wade 1981). Thus, a positive feedback loop of
fire-promoting-melaleuca and melaleuca-promoting-fire
is created (Hofstetter 1991; Morton 1962). Conversely,
intense fires fueled by melaleuca may reduce the chances
of subsequent fires when organic soils are consumed
and the elevation of the soil surface lowered (Schmitz
and Hofstetter 1999). Small changes in water level can
then theoretically reduce the likelihood of fire by flooding
these formerly unflooded sites.

Old World climbing fern alters plant community
fuel structure in wet grasslands and associated tree
islands with extensive, dry-standing frond “skirts”
that create ladder fuels that facilitate fire spread
into tree canopies (Ferriter 2001, FLEPPC review)
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(see section on “Tropical Hardwood Forest Habitat”
page 107). Roberts (D. 1996) also reports that fire
penetrates into wet grasslands from the margins of
forested communities where Old World climbing fern
has invaded and provides a novel source of additional
fuel (see section on “Pine and Pine Savanna Habitat”
page 100). Fire spread may also be promoted by pieces
of burning fern frond blowing aloft into grasslands
from tree islands (Roberts, D. 1996).

While the potential exists for invasive plant species
to influence abiotic factors that affect fire behavior,
including water table elevation and surface hydrology,
this relationship has not yet been shown to be impor-
tant in wet grasslands in the Southeast bioregion. It
is logical to assume, for example, that invasive species
that lower the water table through evapotranspira-
tion could reduce soil moisture and thus affect subse-
quent fire characteristics. It has been suggested that
melaleuca increases the amount of water lost to the
environmentin sites with standing water by adding its
evapotranspiration to the water surface evaporation
(for example, Gordon 1998; Schmitz and Hofstetter
1999; Versfeld and van Wilgen 1986; Vitousek 1986).
In the southwestern United States, transpiration of
dense stands of nonnative tamarisk (Tamarix spp.) can
result in the loss of large quantities of water on sites
where the water table is just below the soil surface
(Sala and others 1996). In many wet grasslands in
the southeastern United States, however, the water
table is at or above the soil surface, and evaporation
and evapotranspiration are both driven and limited
by solar energy. Simply adding another species to the
system does not increase the available energy and
therefore does not increase the amount of water lost
to the atmosphere, although it may increase the avail-
able evaporative surface (Allen and others 1997).

Otherinvasive species-induced changesin hydrology
may have some effect on wet grasslands in the South-
east. The thick (over 1 m)rachis mat formed by decades
of Old World climbing fern growth may have diverted
shallow stream meandering of the Loxahatchee River
in east-central Florida by a distance of about 164 feet
(50 m) (R. Stocker, personal observation, fall 1997).
At this scale only very small portions of the invaded
habitat would be affected. Additional study of the re-
lationships among invasive plants and abiotic factors
that affect fire regime is warranted.

Use of Fire to Manage Invasive Plants in
Wet Grasslands

Controlled burning has been used extensively to
manage invasive plants in the Southeast bioregion,
with varied results. Only a small portion of the lit-
erature describes research on the use of fire to control
invasives in wet grasslands.
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Many wet grassland sites are on organic soils, and
fires occurring when the organic surface soil is dry can
consume the peat and affect the type of vegetation that
subsequently develops on the site (Ferriter 2001; Myers
2000; Schmitz and Hofstetter 1999). Therefore, it may
be possible to prescribe fires that could substantially
damage plant roots in wet grasslands during dry peri-
ods (Nyman and Chabreck 1995). Documented success
using such burns to control invasive nonnative plant
species, however, is lacking (Wade and others 2000),
and care must be taken to avoid substantial damage
to desirable species.

Frequent fires in wet grasslands during historic and
prehistorictimes are thought to have maintained grass-
lands with very little woody vegetation (Schmalzer
1995). It follows that prescribed fires with a frequency
and seasonality within the reference range of varia-
tion experienced in these habitats might favor native
wet grassland species over nonnative woody species.
Controlled burning following flooding or plant flow-
ering has been suggested as particularly effective in
reducing “unwanted woody vegetation”in salt marshes
of the St. Johns National Wildlife Refuge (Leenhouts
1982). Fire is not, however, effective for controlling all
invasive species in wet grasslands, some of which are
well adapted to frequent fires.

Controlled burning has been promoted as a means to
reduce woody vegetation in salt marshes (Leenhouts
1982) but has not been effective in controlling mela-
leuca (Belles and others 1999, FLEPPC review) and
has provided mixed results for Chinese tallow (Grace
1999; Grace and others 2001) and chinaberry (Tourn
and others 1999).

Controlled burning alone is not effective at controlling
melaleuca (Wade 1981) and will not eliminate mature
stands (Belles and others 1999). Fires timed to consume
seedlings after most germination has occurred have the
best potential to control melaleuca (Woodall 1981). Fire
cankill melaleuca seedlingslessthan 6 monthsold (Belles
and others 1999); however, it is difficult to achieve the
needed degree of soil surface dryness and fuel load to
carry a fire severe enough to prevent postfire sprouting.
Melaleuca seedlings less than 1 year old may sprout from
root collars after fire damage (Myers 1984). Susceptibil-
ity to fire-induced mortality is reduced as seedlings and
saplings grow taller, with more than 50 percent of 1.5-
foot-(0.5 m) tall saplings surviving in one study (Myers
and others 2001). Because melaleuca seeds are able to
survive in flooded organic soils for about 1.5 years and in
unflooded sandy soils for 2 to 2.3 years (Van and others
2005), postfire establishment from the soil seed bank is
also a concern.

Some resource managers maintain that melaleuca
control can be achieved with proper timing of prescribed
burns (Belles and others 1999; Maffei 1991; Molnar
and others 1991; Pernas and Snyder 1999), but the
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success of this approach depends on postfire rainfall,
which often does not follow anticipated patterns. Two
seasonal windows of opportunity may exist, depending
onrainfall patterns (Belles and others 1999). (1) Burn-
ing during the late wet season, when surface soils are
likely to be moist but not flooded, would encourage
melaleuca seed germination just prior to soil dry-down
during the dry season. With average dry-season rain-
fall, melaleuca seedlings are likely to die before the wet
season returns the following May or June. If dry-season
rainfall is above average, however, melaleuca recruit-
ment is likely to be high. (2) Burning at the beginning
of the wet season also encourages seed germination,
and normal rainfall patterns might provide sufficient
flooding to kill seedlings. Fluctuating rainfall patterns
or less than average quantity during the wet season
could result in substantial melaleuca recruitment
(Belles and others 1999). Because melaleuca has very
small wind- and water-dispersed seeds, reproductive and
outlyingindividuals mustbekilled iflong-term reduction
of populations is to be achieved (Woodall 1981).

Repeated fires may have potential for controlling
melaleuca; however, fuel loads may be insufficient to
carry fire in consecutive years. Some wet grasslands
might be capable of providing sufficient fuel for a sec-
ond fire within 2 or 3 years after the first fire. Nearly
all melaleuca seedlings were killed in a second fire
2 years after a wildfire in a wet grassland dominated
by muhly grass (Muhlenbergia capillaris) (Belles and
others 1999).

Recommendations for controlling mature melaleuca
stands include using fire only after first killing repro-
ductive individuals with herbicide (Myers and others
2001) (fig. 6-3). Herbicide-treated trees release large
quantities of viable seed. Prescribed burning should
then be conducted within 2 years (6 to 12 months
recommended for Big Cypress Preserve; Myers and
others 2001) of the herbicide-induced seed release
and subsequent germination (Belles and others 1999).
Mature melaleuca stands burned by wildfire should
have high priority for management because of the
potential for postfire spread following seed release
from fire-damaged melaleuca or adjacent stands of
unburned melaleuca. Recommendations include ad-
ditional specifications for herbicide use and careful
monitoring for several years after fire (Belles and
others 1999).

Repeated burning, especially in combination with
other control methods, can effectively control Chinese
tallow under some circumstances. Chinese tallow is
difficult to manage with fire because fuel loads under
tallow infestations are often insufficient to carry fire
(Grace 1999). See chapter 7 for more information on
the use of fire to control Chinese tallow.

The effect of repeated fire (generally every two
years) to control Brazilian pepper has been evaluated
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Figure 6-3—Burning herbicide-killed melaleuca at South
Florida Water Management District. Melaleuca stand was
treated with herbicide in spring of 1996 and burned in winter
2001. The objective was to consume a large portion of the
standing dead biomass with the fire, but only the tops of
trees were burned. (Photo by Steve Smith.)

in highly altered “rock-plowed” limestone substrate
in south Florida. Fine fuel supply was insufficient to
carry annual fires, which the authors attributed to
the replacement of graminoid species with Brazilian
pepper (Doren and others 1991). While density and
coverage of Brazilian pepper had increased on both
burned and unburned plots at the end of the 6 years
of evaluation, increases on burned plots occurred more
slowly than on unburned plots (Doren and others 1991).
Control of Brazilian pepper using herbicide followed by
prescribed burning has also been attempted (fig. 6-4),
though results are not reported in the literature.

Figure 6-4—Using a helitorch to ignite herbicide-killed
Brazilian pepper in spring 2006. Herbicide was applied
one year before the fire. The fire was not effective at
consuming dead pepper trees due to standing water and
low fuel loads. (Photo by Steve Smith.)
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Published reports were not found that document at-
tempts to manage chinaberry with fire in the Southeast
bioregion. Chinaberry recovered fully from a single au-
tumn fire in South America, reproducing vegetatively
from both stumps and roots (Menvielle and Scopel 1999;
Tourn and others 1999). A single surface fire killed all
seeds in the seed bank, and fruit production was 90
percentless thanin unburned control plots. Chinaberry
seedling emergence following the fire was 5 to 20 times
greaterin unburned control plots than in burned plots;
however, the seasonal pattern of seedling emergence
and survivorship was not affected by fire (Menvielle and
Scopel 1999). The South American studies suggest that
a single fire is not effective in controlling chinaberry,
with populations quickly returning to prefire levels or
even expanding (Tourn and others 1999). Additional
research is needed to determine if fire in different
seasons, multiple-year fires, or a combination of fire
and herbicide application are effective for controlling
Chinaberry in the Southeast.

The use of fire alone is not likely to cause enough
damage to kill Old World climbing fern plants and
prevent postfire sprouting and rapid recovery in wet
grasslands. This is due to the high moisture content
of most wet grassland fuels resulting in low-severity
fire (Stocker and others 1997). Spot burning prior
to herbicide application can reduce the amount of
herbicide needed to control Old World climbing fern
by about 50 percent (Stocker and others, In press).
See the “Pine and Pine Savanna Habitat” section for
more information on the use of fire to control climbing
ferns.

Autumn-olive (Elaeagnus umbellata), sericea
lespedeza (Lespedeza cuneata), shrubby lespedeza
(L. bicolor), and tall fescue commonly occur on disturbed
sites near southeastern grasslands. While no specific
studies are available that examine the relationship
between these species and fire in Southeast grassland
habitats, studies conducted in other areas suggest that
prescribed fire has a limited potential for controlling
these species under certain circumstances and in
combination with other control methods. Autumn-
olive may respond to fire damage by sprouting, but
empirical information on the relationship of this spe-
cies to fire and fire management is lacking (Munger
2003b, FEIS review). See FEIS reviews by Munger
(2004) and Tesky (1992) and TNC reviews by Stevens
(2002) and Morisawa (1999a) for more information on
the use of fire for management of lespedeza species.
Recent introductions of tall fescue can be controlled
by spring burning, and combinations of prescribed
burns and herbicide applications have “moderate to
high potential for restoration” (Batcher 2004).

Several resource management organizations have
suggested that fire can be used successfully to reduce
south Florida silkreed (Neyraudia reynaudiana)
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populations prior to spraying regrowth with herbi-
cide. They caution, however, that silkreed is a highly
combustible fuel source and, because of that, a special
burning permit may be required (Rasha 2005, review).
Burning without follow-up herbicide or mechanical
control is ineffective in controlling silkreed and may
enhance its growth and spread (Guala 1990, TNC
review).

Other species that can be found in drier or upland
portions of the wet grassland habitatinclude Japanese
honeysuckle (Lonicera japonica), bush honeysuckles
(Amur honeysuckle (L. maackii), Morrow’s honeysuckle
(L. morrowii), and tatarian honeysuckle (L. tatarica),
Japanese stiltgrass (Microstegium vimineum) and
tropical soda apple (Solanum viarum) (table 6-1).
Bush honeysuckles are typically top-killed by fire,
and fire may kill seeds and seedlings. Adult plants
probably survive by postfire sprouting from roots and/
or root crowns. Studies conducted in the Southeast
bioregion are not available; however, field work in the
Northeast bioregion suggests that repeated prescribed
fire may be useful in controlling bush honeysuckles
(chapter 5; Munger 2005a, FEISreview). Fire research
on Japanese stiltgrass in the Southeast bioregion is
alsoneeded; however, studies outside of the Southeast
suggest that prescribed fire prior to seed set might
aid in controlling this species (Howard 2005¢, FEIS
review). No published information is available on the
relationship of tropical soda apple to fire.

Pine and Pine Savanna Habitat
Background

Pine and pine savanna habitats covered here include
southern mixed forest, oak-hickory-pine forest, and
subtropical pine forest associations as described by
Kiichler (1964). Pine and oak species are the dominant
trees, including longleaf pine, shortleaf pine (Pinus
echinata), loblolly pine (P. taeda), slash pine (P. elliot-
tii), pond pine (P. serotina), southern red oak (Quercus
falcata), turkey oak (Q. laevis), sand-post oak (Q.
margaretta), bluejack oak (Q. incana), blackjack oak
(Q. marilandica), post oak, and water oak (. nigra).
Pond cypress and palms are the dominant trees in
some wetter and more southern sites. Shrub species
are common, including runner oaks (. minima and
Q. pumila), sumac (Rhus spp.), ericaceous shrubs (for
example, Vaccinium), palms, wax myrtle (Myrica cer-
ifera),and hollies (Ilex spp.). Understory speciesinclude
grasses such as wiregrass (Aristida stricta and A. bey-
richiana), little bluestem (Schizachyrium scoparium),
and numerous forbs. When Europeans first arrived
in the Southeast, pine stands, and especially pine
savannas, may well have been the dominant vegeta-
tion in most of this area, extending from southeastern
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Virginia to eastern Texas and from northern Georgia
and Alabama to the Florida Keys (Platt 1999).

Presettlement fire regimes are poorly understood,
but it is inferred that the high number of lightning
strikes resulted in a fire-return interval of less than 13
years in pine forests and savannas. Larger and more
intense fires probably occurred in May and June, after
the start of the lightning/rain season but before large
amounts of rain had fallen. Summer fires were probably
more frequent but less intense and smaller in area.
Ignitions by Native Americans probably increased fire
frequency in many locations, shaping the savannas
seen by early explorers (Wade and others 2000). Fire
intervals may have been 1 to 4 years (1 to 5 years for
subtropical pine forest; Myers 2000) before the arrival
of European settlers, and then 1 to 3 years until fire
exclusion became the norm in the early 1900s (Wade
and others 2000).

Fires in these habitats were historically understory
fires. Short return-interval (<10 years), understory fires
predominated in most of the southern mixed forest and
oak-hickory-pine types (sensu Kiichler 1964). Slash
pine and loblolly pine habitats experienced understory
and mixed-severity fire regimes, with presettlement
fire-return intervals estimated between 1 and 35 years
(Myers 2000; Wade and others 2000).

The once-common southern pine forests were dra-
matically reduced by invasions of native hardwood
species when fire exclusion policies were adopted in the
1920s and 1930s. Also affected were the populations of
native plant and wildlife species, nutrient cycling, fuel
reduction, and range management objectives that were
associated with the historical fire regime. It has been
suggested that savanna ecosystems that are not too
seriously degraded can be restored if the appropriate
fire regime (short return-interval, understory, spring
and summer fires)is re-introduced, because the native
plant species are adapted to this regime (Wade and
others 2000).

Among the most threatening nonnative invasive
plant species found in these habitats are cogongrass,
Japanese honeysuckle, Brazilian pepper, and mela-
leuca. These species are fire-tolerant, thus reducing the
effectiveness of fire in controlling their establishment
and dispersal. Additionally, populations of climbing
ferns appear to be increasing rapidly in Florida pine
habitats and are spreading in Alabama, Florida, Geor-
gia, and Mississippi pine habitats. Japanese climbing
fern (Lygodium japonicum) has become particularly
troublesome where pine straw is collected for sale as
mulch. Spores of this fern have been found in straw
bales, and the distribution of mulch bales throughout
the Southeast has spread Japanese climbing fern into
new areas. There is no specific information on fire and
management of this speciesin this vegetation type. Old
World climbing fern and melaleuca are also serious
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problems in wet grasslands and are discussed in the
“Wet Grasslands Habitat” section.

Role of Fire and Fire Exclusion in
Promoting Nonnative Plant Invasions in
Pine and Pine Savanna

Frequent surface fires typical of presettlement fire
regimes in most pine habitats promote some invasive
species such as cogongrass. When fire is excluded,
pine habitats are especially vulnerable to invasions
by nonnative plants such as Brazilian pepper and
Japanese honeysuckle.

Cogongrass and closely related Brazilian satintail
(Imperata brasiliensis) are perennial, rhizomatous
grasses that are well adapted to frequent fire. Both
are early-seral species in wet-tropical and subtropical
regions around the world. Discussion about manage-
ment of these species is complicated by difficulty in
distinguishing between the two species, lack of con-
sensus among taxonomists about whether they actu-
ally are separate species, and determination of their
native ranges (Howard 2005b, FEIS review). Among
the more recent treatments, Wunderlin and Hansen
(2003) describe them as distinct species, distinguished
by anther number, and suggest that, while cogongrass
is not native to the United States, Brazilian satintail
is native to Florida.

Cogongrass requires some type of disturbance, such
asfire,tomaintainits dominance in southeastern pine
understory. Frequent fire typically favors cogongrass
overnative speciesincluding bigbluestem (Andropogon
gerardii), Beyrick threeawn (Aristida beyrichiana),
golden colicroot (Aletris aurea), and roundleaf thor-
oughroot (Eupatorium rotundifolium). Cogongrass
flowering and seed production may be triggered by
burning and other disturbances, although flowering
has also been observed in undisturbed populations. In
the absence of fire, vegetative growth from rhizomes
(fig. 6-5) allows expansion of populations. Rhizomes
also sprout easily after burning (Howard 2005b). In
Mississippi wet pine savannas, cogongrass seedlings
had higher levels of survival (for at least two months)
in burned than in unburned study plots (King and
Grace 2000).

Onlylimited informationis available on twoinvasive
shrub species. Brazilian pepper invades pine rockland
(southern Florida habitat on limestone substrate)
where fire has been excluded (Loope and Dunevitz
1981). It is suggested that Japanese honeysuckle is
intolerant of frequent, low-severity fire and is typically
absent from plant communities with this type of fire
regime, such as longleaf pine. Therefore exclusion of
fire from these communities may promote its estab-
lishment and spread (Munger 2002a, FEIS review).
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Figure 6-5—Cogongrass rhizomes. (Photo by Chris Evans,
River to River CWMA. Bugwood.org.jpg.)

Effects of Plant Invasions on Fuel and Fire
Regime Characteristics in Pine and Pine
Savanna

Nonnative species life-forms that have invaded
southeastern pine habitats and altered fuel and fire
regime characteristics include trees (melaleuca),
shrubs (Brazilian pepper), grasses (cogongrass), and
ferns (climbing ferns) (fig. 6-6). In some situations
these species replace native species and fill similar
forest strata, but in other cases the invasive plants
completely alter the horizontal structure and fuel
characteristics of the invaded plant community.

Figure 6-6—OId World climbing fern climbing and overtop-
ping vegetation in a pine habitat at the Jonathan Dickinson
State Park in central Florida. (Photo by Mandy Tu, The Nature
Conservancy.)
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Old World climbing fern invasions provide a novel
source of fuel in pine habitats (Roberts, D. 1996) and
alter fire behavior by altering plant community fuel
structure with extensive dry-standing frond “skirts”
thatladder fireinto the canopies of trees (Ferriter 2001)
(fig. 6-7). Resulting canopy fires often kill trees that
are adapted to low-severity surface fires, as well as
native bromeliads (for example, wild pine (Tillandsia
fasciculata)) resident on tree trunks. Fire spread may
also be promoted when pieces of burning fern frond are
kited into adjacent areas (Roberts, D. 1996). Increased
fuel loads, altered fuel structure, and spotting from
Old World climbing fern are blamed for tree mortal-
ity and escape of prescribed fires in pine stands at
Jonathan Dickinson State Park in Florida. The park’s
fire management plan has been revised to no longer
depend on wetland buffers to act as fire breaks if they
contain climbing fern (Ferriter 2001).

Figure 6-7—OId World climbing fern on a slash pine, burning
during a routine prescribed burn in pine flatwoods at the Reese
Groves Property in Jupiter, Florida. Large slash pine and cypress
have been killed by fire when climbing fern “ladders” carry fire
into the canopy. (Photo by Amy Ferriter, South Florida Water
Management District, Bugwood.org.)
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Cogongrassinvasion changes fuel propertiesin south-
eastern pine communities (Howard 2005b) (fig. 6-8).
In a study of fuels and fire behavior in invaded and
uninvaded pine stands in Florida, Lippincott (2000)
found thatinvasion by cogongrass may lead to changes
in fire behavior and fire effects in these communities.
Native plant and cogongrass fuels have similar energy

Figure 6-8—(A) Infestation of cogongrass in a slash pine plan-
tation in Charles M. Deaton Preserve, Mississippi. (Photo by
John M. Randall, The Nature Conservancy.) (B) Cogongrass
among planted pines in Mitchell County, Georgia, forms large
accumulation of fine fuels around the base of trees. (Photo by
Chris Evans, River to River CWMA, Bugwood.org.)
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content; however, fire behavior is driven by factors
other than energy content of fuels. Sites invaded by
cogongrass had greater fine-fuel loads, more horizontal
continuity, and greater vertical distribution of fuels.
The resulting fires were more horizontally continuous
and had higher maximum temperatures and greater
flame lengths than fires in adjacent plots not invaded
by cogongrass, and they resulted in higher subsequent
mortality to young longleaf pine (Lippencott 2000).
Similarly, Platt and Gottschalk (2001) found fine
fuel and litter biomass were higher in cogongrass
and nonnative silkreed stands than in adjacent pine
stands without these grasses. The authors suggest that
increases in fine fuels attributed to cogongrass could
increase fire intensity at heights of 3 to 7 feet (1 to 2
m) above the ground (Platt and Gottschalk 2001).

Bahia grass (Paspalum notatum) is not commonly
found within existing pine stands but occupies heav-
ily disturbed pine habitat that has been converted to
pasture and rangeland, and interferes with efforts to
restore pine communities. Bahia grass forms a con-
tinuous “sod fuel layer” in the previously patchy pine
community, thusincreasing fuel continuity (Violi 2000,
TNC review). Because bahia grass isimportant forage
forlivestock, rangeland managers use controlled burns
in winter to stimulate its growth. Winter burns nega-
tively affect some native understory species, including
wiregrass, which responds better to late summer and
fall burns (Abrahamson 1984).

Melaleuca invasion in pine flatwoods can alter the
fire regime from frequent (1- to 5-year returninterval),
low-severity surface fires to a mixed regime with less
frequent (<35 to 200 year return interval) fires and
greater incidence of crown fires. Crown fires are typi-
cally nonlethal to melaleuca trees but usually result
in pine mortality. This combination of high-intensity
fire and crown-fire survival is uncommon in North
America (Myers 2000).

Low levels of fuel under mature Brazilian pepper
(Doren and others 1991) and the difficulty of burn-
ing Brazilian pepper wood and leaves due to their
high moisture content (Meyer 2005a, FEIS review)
probably reduce fire intensity and fire spread in
areas of dense infestation. Similarly, invasion by
kudzu (Pueraria montana var. lobata) may reduce
flammability of invaded pine habitats during the
growing season due to its luxuriant, moist foliage.
Conversely, the large amount of fuel biomass con-
tributed by kudzu (fig. 6-9) and by plants killed by
its invasion may increase the potential for dormant-
season fires by increasing fuel loads, and its vining
nature may increase the chance of fire crowning
(Munger 2002b, FEIS review). These conjectures
have not, however, been tested empirically.
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Figure 6-9—Kudzuinfestation at Travelers Rest, South Carolina
in (A) summer, and (B) winter. Green kudzu foliage in summer
may reduce potential for fire spread, while the opposite may be
true in winter. (Photos by Randy Cyr, GREENTREE Technolo-
gies, Bugwood.org.)

Use of Fire to Manage Invasive Plants in
Pine and Pine Savanna

Fire has become an important tool of natural area
managers for removal of nonnative invasive species and
maintenance of fire-adapted pine communities (Rhoades
and others 2002). A study in a pine flatwoods community
found that annual winter (non-growing season) burning
increased native species richness and provided habitat for
rare and listed plant species. Nonnative invasive species
were found only in unburned plots. This may, however,
be attributed to microsite differences within the treat-
ment areas, as there was greater moisture availability in
burned plots than in unburned plots (Beever and Beever
1993).

Old World climbing fern aerial fronds burn easily,
and individual fronds can be completely consumed
by a fire of sufficient intensity, but there are several
reasons why prescribed fire is not expected to provide
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a major role in management of this species (Ferriter
2001). Pieces of burning climbing fern fronds get caught
in fire-induced updrafts, reducing the ability to man-
age the fire perimeter when they are transported to
adjacent areas. Climbing fern spores are very small
and probably travel great distances by wind, includ-
ing fire currents. Old World climbing fern plants in a
south Florida slash pine stand were observed to sprout
and recover rapidly after low-severity fire was applied
using a hand-held propane torch (Stocker and others
1997).

Brazilian pepper is another species that is unlikely
tobe eliminated from pine stands by fire. Low-severity
fire does not kill adult pepper trees, as girdling of the
stem results in profuse sprouting from aboveground
stems and root crowns (Woodall 1979). Brazilian pepper
seeds can be killed by heat (70 °C for 1 hour; Nilsen
and Muller 1980), and young seedlings can be killed
by fire (Ferriter 1997). However, the intense crown
fires necessary to kill adult plants (Doren and others
1991; Smith, C. 1985) do not commonly occur in pine
stands with dense Brazilian pepper infestation. Fire
does not carry well in mature Brazilian pepper stands,
and fire rarely penetrates dense stands (Meyer 2005a).
Brazilian pepper litter decomposes rapidly, leaving
little litter for fuel, and moisture levels of branches,
leaves, and litter are typically high (Doren and others
1991).

Prescribed fire may be more effective for controlling
young Brazilian pepper stands. In areas where the
water table lies below the soil surface for at least part
of the year, grasses should provide sufficient fuels to
carry fire of sufficient severity to kill young Brazilian
pepper seedlings, and may also kill seeds (Nilsen and
Muller 1980). Maintaining fire programs that killed
seedlings prior to reaching unspecified “fire-resistant
heights” has resulted in pepper-free areas (Ferriter
1997), and it has been noted that fire with a 5-year
fire-return interval in Everglades National Park
has excluded Brazilian pepper (Loope and Dunevitz
1981). On sites where either higher or lower water
tables reduce the development of herbaceous fuels,
prescribed fire may not be of sufficient severity to kill
young Brazilian pepper plants (Ferriter 1997). In a
study in south Florida pinelands, for example, most
Brazilian pepper saplings over 3 feet (1 m) tall survived
fire by coppicing (Loope and Dunevitz 1981). In any
case, Brazilian pepper seed is readily dispersed from
nearby stands by animals (Ewel and others 1982).
The conclusion of a group of resource managers and
scientistsis that repeated burning may slow invasions
of this species by killing seeds and seedlings, but fire
“is not an effective control method for mature Brazil-
ian peppertree stands” (Ferriter 1997).

Ithasbeen suggested that Japanese honeysuckle can
be controlled by prescribed burning in pine plantations
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or in fire-dependent natural communities. Prescribed
burnsin Virginia arerecommended toreduce Japanese
honeysuckle cover and to “inhibit spread” for 1 to 2
growing seasons (Williams 1994, Virginia Depart-
ment of Conservation and Recreation review). Two
annual fires in a pine-hardwood forest resulted in an
80 percent reduction in Japanese honeysuckle crown
volume and a 35 percent reduction of ground coverage.
While these treatments do not eliminate Japanese
honeysuckle from the site, the authors suggest that
they may reduce the amount of herbicide required
in an integrated management program (Barden and
Matthews 1980).

Fire by itself does not control cogongrass, and in fact
frequent fire promotes cogongrass. Fire can, however,
improve the success of an integrated management
approach using tillage and herbicides. Fire is also im-
portant for maintaining native plant diversity in pine
habitat, and restoration of native plant species may be
a critical factor in longer term control of cogongrass
(Howard 2005b).

Controlled burning has not been effective in killing
kudzu, but it can be used to remove vines and leaves
to permit inspection of root crowns for population and
stand monitoring. Fire also promotes seed germination
in kudzu, after which seedlings can be effectively con-
trolled with herbicides. Spring burns are recommended
to reduce soil erosion by winter rainfall (Moorhead
and Johnson 2002, Bugwood Network review). When
removed from a portion of its occupied area, kudzu
canre-invade from water- and bird-disseminated seed
(Brender 1961). Similarly, controlled burning has not
been effective in managing bahia grass because it
sprouts readily after fire (Violi 2000).

Oak-Hickory Woodland Habitat

Background

The distribution of oak-hickory woodlands in the
Southeast bioregion has depended on historical fire
management practices. Limited to the most mesic
and protected sites during periods of shortened fire-
return intervals, oak-hickory woodland habitats have
increased in area during the fire-exclusion decades of
the early 1900s and continue to occupy many parts of
the Southeast region today (Daubenmire 1978).

Plant communities in this type are dominated by a
variety of oaks and hickories, with a mixture of other
tree species, including maple (Acer spp.), magnolia
(Magnolia spp.), sassafras (Sassafras spp.), and erica-
ceous shrubs. Several vines commonly occur, including
grape and greenbrier (Smilax spp.). Many pine species
are found in areas with edaphic and/or fire disturbances
(Daubenmire 1978).
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Fire regimes in oak-hickory habitats are classified
as understory types with return intervals estimated
between 2 and 35 years. Presettlement fire regimes
are poorly understood, although estimates based on
dendrochronology indicate a fire-return interval of 7
to 14 years in the mid-Atlantic region. After European
settlement, fire-return intervals were reduced to 2
to 10 years, with some sites burned annually. At the
present time, the fire regime of oak-hickory forests
is infrequent, low-severity surface fires occurring
principally during spring and fall. They are mainly
human-caused and only burn small areas (Wade and
others 2000).

Oak-hickory woodland habitats in the Southeast are
heavilyinvaded by aggressive nonnative vines, shrubs,
and trees including kudzu, Japanese honeysuckle,
privet (Ligustrum spp.), bush honeysuckles, and tree-
of-heaven (Ailanthus altissima). Otherinvasive species
are found in oak-hickory woodland habitats, but much
less information is available for them. Mimosa (Albi-
zia julibrissin) is a small tree found throughout the
Southeast bioregion in many types of disturbed areas,
including old fields, stream banks, and roadsides (Miller
2003). While it is a common species, little published
information describes its relationship with fire. Giant
reed (Arundo donax) is commonly found in riparian
areas in much of the United States and has been re-
ported as invasive in Georgia, Virginia, and Maryland
(Swearingen 2005). Thorny-olive (Elaeagnus pungens)
is found as an ornamental escape in the Southeast
(Miller 2003), but there are no published reports on the
relationship of this species to fire. Winged euonymus
(Euonymus alatus)isreported in a variety of east coast
habitats, including forests, coastal scrublands and
prairies (USFWS 2004, review), but no information
is available on the relationship of this species to fire.
No information is available concerning a related spe-
cies, winter creeper (Euonymus fortunei). It is found
in many states throughout the East (Swearingen and
others 2002), but no specific information identifies
habitats where it commonly occurs.

Role of Fire and Fire Exclusion in
Promoting Nonnative Plant Invasions
in Oak-Hickory Woodland

Only limited information is available on the role of
fire and fire exclusion as they affect invasive plant
species in Southeast oak-hickory woodland habitat.
In some cases, fire exclusion seems to promote es-
tablishment and spread of nonnatives, while in other
cases the canopy gaps created by fire may increase the
likelihood of establishment and spread of nonnatives.
In more tropical parts of the Southeast, it may be
assumed thatincreased light penetration into the plant
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community will promote establishment and spread of
shade-intolerant nonnative invasive species.

A study of the consequences of hurricane damage in
conservation lands of south Florida demonstrates the
effects of canopy gaps on nonnative plantinvasions. Air
potato (Dioscorea bulbifera) and other nonnative vine
speciesincreased after the tree canopy was damaged by
Hurricane Andrew (Maguire 1995). This species may
respond in a similar fashion to canopy gaps created by
fire. Similarly, fire is one of many types of disturbance
that creates canopy gaps that improve the chances for
establishment by tree-of-heaven in old-growth wood-
land. Additionally, tree-of-heaven seed germination is
delayed and reduced by leaf litter and may therefore
be enhanced by fire when litter is consumed. On the
other hand, fire may produce a flush of herbaceous
growth that could inhibit tree-of-heaven germination
(Howard 2004a, FEIS review). More information is
needed on the effects of fire on seed germination in
this species.

Soil heating may promote kudzu establishment by
scarifying kudzu seedcoats and stimulating germina-
tion (Miller 1988). Similarly, mimosa seeds exposed
to fire for 1 to 3 seconds had higher germination rates
than unheated seeds (Gogue and Emino 1979). It has
also been suggested that fire exclusion may promote
Japanese honeysuckle spread (Munger 2002a).

Effects of Plant Invasions on Fuel and Fire
Regime Characteristics in Oak-Hickory
Woodland

The role of invasive plants in altering fire regimes
in the Southeast bioregion is complicated by the exist-
ing mosaic of fire exclusion and controlled burning.
Tree-of-heaven, for instance, is found in many types of
woodlands in North America where presettlement fire
regimes have been disrupted in many different ways.
This makes it difficult to make definitive statements
about the potential effect of tree-of-heaven on more
natural fire regimes. The large amount of litter pro-
duced by tree-of-heaven from large leaves and broken
branches, and its tendency to form dense thickets, may
contribute to fire spread and crown fires in invaded
areas (Howard 2004a).

A FEIS review speculates that the abundant moist
foliage of kudzu could inhibit fire, effectively lengthen-
ing the time between fires in woodland habitats. On
the other hand, the large amount of kudzu biomass
may increase the potential for dormant-season fires
by increasing fuel loads, and its vining nature may
increase the chance of fire crowning. Additionally, in-
creases in standing and surface fuels formed by plants
killed following kudzu invasion may increase both fire
intensity and frequency. The author points out that
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studies needed to test these hypothetical statements
have not been conducted (Munger 2002b).

Use of Fire to Manage Invasive Plants in
Oak-Hickory Woodland

Firehasnotbeen recommended as a sole management
tool to control tree-of-heaven because of this species’
potential toburnin crown fire, its ability to sprout from
the root crown and/or roots following top-kill from fire,
and the potential for fire to promote seed germination.
Fire has been used to reduce aboveground biomass of
tree-of-heaven (Howard 2004a). A flame-thrower or
weed burning device has been suggested to kill lower
limbs (Hoshovsky 1988, TNC review), but this is not
a population reduction measure.

Fire has been used to reduce cover of Japanese hon-
eysuckle but does not kill plants. Japanese honeysuckle
sprouts from subterranean buds, roots, and stems,
recovering to various levels after fire (Munger 2002a).
Japanese honeysuckle remained a site dominant after
two consecutive annual fires in a pine-hardwood for-
est in North Carolina (Barden and Matthews 1980).
Experimental plot (abandoned agricultural field) burns
5 years apart near Nacogdoches, Texas, resulted in
Japanese honeysuckle plants with fewer and shorter
prostrate shoots than in unburned plots 1 year after the
last burn, but plants were not killed (Stransky 1984).
Because prostrate shoots are an important part of this
species’ ability to invade native plant communities
(Larson 2000), reduction in numbers of these shoots
could theoretically slow the invasion process.

Seasonality of burns can affect postfire response of
Japanese honeysuckle. Prescribed burns in October
in a Tennessee oak-hickory-pine forest with a maple
and dogwood (Cornus sp.) understory reduced Japa-
nese honeysuckle coverage by 93 percent; burns in
January or March reduced Japanese honeysuckle by
59 percent. Vegetation measurements were taken
at the end of the growing season (September) about
1.5 years after burning (Faulkner and others 1989).
The Nature Conservancy recommends fall, winter, or
early spring prescribed burning to control Japanese
honeysuckle in northern states, when Japanese honey-
suckle maintains some leaves and most native plants
are leafless (Nuzzo 1997, TNC review). This improved
ability to target a particular species may have some
applicability in southeastern habitats, but more often
other native species retain leaves through the winter
and may therefore be more subject to damage by fire
at those times.

The Nature Conservancy also suggests thatintegrat-
ing fire and herbicide treatments to control Japanese
honeysuckle maybe more effective than either approach
alone, with herbicides applied about a month after
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sprouting occurs following a late fall or winter burn
(Nuzzo 1997). Application of herbicide about 1 year
after aburn was not effective, possibly because postfire
increases in herbaceous vegetation resulted in less
herbicide contacting Japanese honeysuckle (Faulkner
and others 1989). Fire is also helpful in controlling
fire-intolerant Japanese honeysuckle seedlings and
young plants. Efforts should be made to avoid soil
disturbance as much as possible to reduce subsequent
germination of Japanese honeysuckle seedsin the seed
bank (Nuzzo 1997).

Prescribed fires have been suggested for controlling
bush honeysuckles (Tatarian honeysuckle, Morrow’s
honeysuckle, Bell’s honeysuckle (Lonicera X bella),
and Amur honeysuckle) in fire-adapted communities
(Nyboer 1990, Illinois Nature Preserves Commission
review). Spring burns kill bush honeysuckle seedlings
and top-kill mature plants; however, plants sprout
readily after fire. Effective control may come from
annual or biennial fires conducted for 5 years or more
(Nyboer 1990).

It has been suggested that Chinese privet is in-
tolerant of fire (Matlack 2002) and can be managed
successfully by repeated fire, especially on sites with
low stem density and high fine fuel loads (Batcher
2000a, TNC review). A single fire does not result in
sufficient kill of mature plants (Faulkner and others
1989) but instead promotes sprouts from root crowns
and/or roots (Munger 2003c, FEIS review). Chinese
privet burns poorly without additional fuel. However,
if sufficient low-moisture fuels are available (Batcher
2000a), annual fires may substantially reduce or kill
aboveground portions of Chinese privet, although
they will not eliminate it from a site. Three annual
prescribed burns did not eradicate Chinese privet from
areas where fire had been excluded for more than 45
years (Munger 2003c). Platt and Stanton (2003) suggest
that dominance by Chinese privet cannot be reversed,
but increases in population size can be prevented with
shortreturninterval, lightning-season fires. Japanese
privet (Ligustrum japonicum) and European privet
(L. vulgare) also occur in this vegetation type, but no
specific information on management and fire for these
species in this vegetation type is available.

Prescribed burns have been suggested as part of a
strategy to manage kudzu. Information on the limita-
tions of prescribed fire and effects of kudzu removal
on native vegetation (presented in the “Pine and Pine
Savanna Habitat” section page 100) is relevant to this
habitat as well.

Air potato (Dioscorea bulbifera) invades woodland
habitats throughout Florida (Schmitz and others 1997).
While only a limited amount of research has been con-
ducted, prescribed fire may be useful in killing stem
growth (Morisawa 1999b, TNC review) and bulbils
(Schultz 1993, TNC review) of air potato in woodlands.
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A related species, Chinese yam (Dioscorea oppositifo-
lia), has been reviewed by The Natural Conservancy
(Tu2002b). Chinese yam is found in mesic bottomland
forests, along streambanks and drainageways in many
states of the Southeast. Only very limited information
is available about the use of fire to manage this spe-
cies. It was noted that reduced amounts of Chinese
yam were present the year following a fall wildfire in
Great Smoky Mountains National Park (Tu 2002b),
but the specific habitat information is not available.

Tropical Hardwood
Forest Habitat

Background

Scattered throughout the grassland and savanna
plant communities of south Florida are “islands” of
tropical hardwood species, often called hammocks,
and typically found on somewhat drier sites. Common
speciesinclude gumbolimbo (Bursera simaruba), black
ironwood (Krugiodendron ferreum),inkwood (Exothea
paniculata), lancewood (Ocotea coriacea), marlberry
(Ardisia escallonoides), pigeon plum (Coccoloba
diversifolia), satinleaf (Chrysophyllum oliviforme),
poisonwood (Metopium toxiferum), and white stopper
(Eugenia axillaris). While limited in extent compared
tothe other habitats discussed in this chapter, they are
important because of the plant diversity they provide
within the grassland landscape.

Fire regime in this habitat varies from low-intensity
surface fires to crown fires, with an estimated pre-
settlement return interval of 35 to over 200 years. Fire
has not been the dominant force in shaping hardwood
hammock plant communities because they are usually
difficult to burn. Although many of the hardwood spe-
cies sprout following top-kill from fire, the stands can
be destroyed by fire during periods of drought if the
organic soil is consumed (Myers 2000).

Many hardwood hammocks are being aggressively
invaded by air potato, melaleuca (fig. 6-10), and Old
World climbing fern. Water yam (Dioscorea alata) has
been reported in coastal hammocks in Florida (FLEPPC
1996). This species is related to air potato and may act
in a similar manner to air potato in relation to fire,
although no specific information is available for either
species.

Role of Fire and Fire Exclusion in
Promoting Nonnative Plant Invasions in
Tropical Hardwood Forest

Limited information is available regarding the role
of fire in promoting nonnative plant invasions in
tropical hardwood hammocks. Melaleuca is capable
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Figure 6-10—Melaleuca saplings (green trees) ringing a Cypress clump at the
Loxahatchee National Wildlife Refuge around 1994. The melaleuca eventually over-
took the cypress (Ferriter, personal communication 2007). (Photo by Amy Ferriter,
South Florida Water Management District, Bugwood.org.)

of spreading quickly into this habitat following fires
that remove most of the vegetation and expose bare
mineral soil (Bodle and Van 1999).

0Old World climbing fern is rapidly invading hardwood
hammocks, but it is not known to what extent invasion
isdependent on or retarded by fire. Anecdotal evidence
suggests that the fern appears to grow especially well
inhammocks where native vegetation was either dam-
aged or killed by fire during a drought. Researchers
and natural area managersin southern Florida suspect
that Old World climbing fern is particularly robust in
areas where native treeisland vegetation was damaged
or killed by a fire during the drought of 1989-1990. It
has also been suggested, although not demonstrated,
that convection currents generated by burning fern
growth that has formed a trellis up into tall trees could
increase the dispersal of spores (Ferriter 2001). Old
World climbing fern plants sprout and recover rapidly
after low-severity fire (Stocker and others 1997).

The influence of melaleuca and Old-World climbing
fern on fuels and fire regimes has been discussed in
previous parts of this chapter, as has the use of fire for
managing these species. Fire by itselfis not an effective
method to manage melaleuca or Old World climbing
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fern, although suggestions have been made for waysin
which fire could be incorporated into an integrated man-
agement approach with other control techniques. Since
native species in this habitat probably did not evolve in
a regime of frequent fire, increasing fire frequency with
prescribed burning might have unintended effects on
native plant species (Ferriter 2001).

Cypress Swamp Habitat

Very limited information is available about the
relationship between fire and invasive species in
cypress swamp habitat. Depressional wetlands in
central and south Florida dominated by bald cypress
(Kiichler’s (1964) Southern Floodplain Forest) had a
presettlement stand-replacement fire-return interval
estimated at 100 to 200 years or greater (Wade and
others 2000). This fire regime has been altered by
invasions of melaleuca and Old World climbing fern.
Both species increase the probability of more frequent
stand-replacement fires because of the ease with which
they burn and because Old World climbing fern can
form a fuel bridge between adjacent, more frequently
burned habitats and the much wetter cypress swamp
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(Langeland 2006). Information on the role of these
species in relation to fire is also presented in the “Wet
Grassland Habitat,” “Pine and Pine Savanna Habitat”
and “Oak-Hickory Woodland Habitat” sections.
Catclaw mimosa (Mimosa pigra) occurs on about
1,000 acres (400 ha) in Florida, including cypress
swamp habitat. While fire has been used experimen-
tally in Australia to clear mature plants, enhance seed
germination for subsequent herbicide application, and
kill some seeds (Lonsdale and Miller 1993), no similar
studies have been conducted in the United States.

Conclusions and Summary

The importance of fire and fire management in
influencing species composition and dynamics of
plant communities in the Southeast bioregion is often
stated, if not completely understood. Incomplete or
contradictory information, for instance, describes the
plant communities prior to human influence (Stanturf
and others 2002). With its high number of lightning
strikes, its many fire-adapted communities, and its
historical human dependence on fire-maintained
habitats, fire has probably been a more important
factor in the Southeast than in any other broadly de-
fined region of the country. Plant communities such
as longleaf pine once covered millions of acres when
human populations supplemented naturally occurring
fires with intentional blazes (Chapman 1932). Even
wet grasslands in the Southeast tend to be flammable
and are adapted to frequent fires (Leenhouts 1982;
Schmalzer and others 1991; Wade 1988; Wade and
others 1980).

Human influence on fire regime was accompanied
by a large number of intentional introductions of
plants for agricultural, horticultural, medicinal, and
religious purposes, as well as many accidental imports.
The large number of intentional introductions and
the escape of these introduced plants led to very high
levels of invasive plants in the Southeast bioregion,
especially Florida. More than 25,000 species and culti-
vars havebeen introduced to Florida (D. Hall, personal
communication, cited by Gordon 1998), a state with
around 2,523 native species (Ward 1990). While many
of these introductions have served their intended pur-
poses, a small proportion (about 10 percent (Gordon
1998)) has caused unintended damage to forest and
conservation lands. It is not clear whether the large
number of nonnative plant invasions in this bioregion
is due to the large number of introductions (in other
words, propagule pressure), or whether habitatsin the
Southeast are more susceptible to invasion. The high
number of plant speciesintroductionsin the Southeast
may be related to the diversity of cultural origins of
the human populations and a range of climates from
tropical to temperate. This latter factor could also
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influence the susceptibility of the region by providing
a wider range of potentially suitable conditions for
establishment and spread.

The causes and effects of invasive plant establishment
and spread are related to fire and fire management to
varying degrees. The role of fire and fire exclusion in
promoting nonnative plant invasions is very different
among the five habitats discussed in this chapter. Fire
exclusion policy, of course, does not mean the absence
of fire. Historical and current efforts to exclude fire
have often led to less frequent but more severe fires,
which then can lead to substantial changes in native
and invasive species populations (Wade and others
2000).

Role of Fire and Fire Exclusion in
Promoting Nonnative Plant Invasions

The complex and dramatic relationship between
invasive species and both fire and fire exclusion in
the Southeast bioregion may be best exemplified by
melaleuca invasion in pine, wet grassland, and tropi-
cal hardwood habitats in south Florida. Melaleuca has
spread into thousands of acres apparently without need
of fire, but has spread most dramatically following
natural fire, controlled burns, and uncontrolled fire
following decades of fire exclusion efforts.

Wet grasslands may be the habitat type most affected
by fire and fire exclusion. Expansion of melaleuca fol-
lowing fire has been more thoroughly reported for wet
grassland habitats (Ferriter 1999). Fire in wet grass-
lands is also possibly responsible for increases in Old
World climbing fern (Langeland 2006) and chinaberry
(Menvielle and Scopel 1999; Tourn and others 1999),
although the evidence is principally anecdotal. Suc-
cessful exclusion of fire has been blamed for Brazilian
pepper invasions of salt marshes (Schmalzer 1995)
and for Chinese tallow (Bruce and others 1995) and
tall fescue invasions (Eidson 1997) in wet grassland
habitat.

Fire exclusion has clear ecological impacts in pine
habitats, which frequently accumulate additional
woody shrub species in the absence of fire and ulti-
mately become hardwood dominated habitats with
a minor pine component (DeCoster and others 1999;
Heyward 1939; Platt 1999; Slocum and others 2003;
Streng and others 1993; Walker and Peet 1983). Less
has been studied, however, about these longer-term
changes and the interplay of fire and invasives. Brazil-
ian pepper (Loope and Dunevitz 1981) and Japanese
honeysuckle (Munger 2002a) are among the woody
shrubs that are promoted in pine habitats when fire
is excluded. Conversely, cogongrass in pine habitats is
promoted by frequent surface fires and, in fact, requires
some regular disturbance to maintain its dominance
(Howard 2005b).
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Effects of Plant Invasions on Fuel and Fire
Regime Characteristics

Some of the most obvious visual changes in fire oc-
cur when melaleuca invasions fuel crown fires in wet
grassland communities. But while these conflagrations
are dramatic, the removal of aboveground plant mate-
rial is not a substantial change to the wet grassland
fire regime. It is the secondary effects of these fires,
such as consumption of the surface of organic soils
followed by flooding, that can lead to major changes
in plant communities (Wade and others 2000).

Some evidence suggests that when species such as
Chinese privet, Chinese tallow, and Brazilian pepper
replace native plant species in wet grasslands, fine
fuel loads and horizontal continuity are reduced (for
example, Doren and Whiteaker 1990; Doren and others
1991; Grace 1999; Platt and Stanton 2003). Change
in fine fuels may lead to reduced fire frequency and
intensity, and increased fire patchiness. There is,
however, little experimental evidence to support these
suggestions.

The most substantial changesin fire regime caused by
nonnative plantinvasion are probably in pine habitats.
Invasions of Old World climbing fern, and possibly its
congener Japanese climbing fern, increase incidence
of crown fires, carry fire across wetland barriers that
would have stopped the fire if they had not contained
Old World climbing fern, and possibly “kite” fire to new
locations (Langeland 2006). Cogongrass changes fire
behavior and effects in pine habitats. Cogongrassinva-
sionslead toincreased biomass, horizontal continuity,
and vertical distribution of fine fuels when compared
with uninvaded pine savanna, and higher maximum
fire temperatures have been reported (Lippincott
2000). In this particular example, the detailed studies
necessary to show actual replacement of native spe-
cies have not been conducted. Melaleuca changes the
fire regime in pine stands from frequent, low-severity
surface fires to a mixed fire regime with less frequent
fires and greater incidence of crown fires. These crown
fires are often lethal to pines but not to melaleuca
(Myers 2000). It is possible that Brazilian pepper in-
vasions have opposite effects and reduce fire intensity
and fire spread where it is densely distributed (Doren
and Whiteaker 1990; Doren and others 1991).

Use of Fire to Manage Invasive Plants

Among the habitats covered in this section, pine and
pine savanna habitats are probably the most condu-
cive to use of fire to manage invasive plants, in large
part because of the role of fire in maintaining these
pyric communities. Controlled burns in oak-hickory
woodland have resulted in reductions of Japanese
honeysuckle (Barden and Matthews 1980; Williams
1994) and reduced spread of Chinese privet (Batcher
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2000a). Since frequent prescribed fire in oak-hickory
woodland will favor pine species at the expense of
young hardwoods, it will probably be more difficult
to maintain as aggressive a burning practice in oak-
hickory woodland than in pine and pine savanna.

In the presence of propagule sources from invasive
species such as melaleuca and Old World climbing fern,
prescribed fire in wet grasslands must be conducted
with extreme care and may resultin expansion of these
species. The margin between use of fire for successful
reduction of melaleuca seedlings following a seed-
release event and accidental expansion of melaleuca
into fire-cleared seed beds is very small and is affected
by weather and water management patterns out of the
manager’s control (Belles and others 1999).

Additional Research Needs

Among the general information needs related to fire
and invasive plants, several specific needs stand out.
While we have case studies on short-term effects of
various fire related practices for individual species, we
don’t know which fire management practices in which
habitats will provide the most effective means of reducing
existing invasive plant populations or preventing future
invasions. This is not an easy area of research, in part
because we do not know which of the tens of thousands
of novel species that could be introduced to southeastern
habitats will become management problems, making it
nearlyimpossible to know what practices will provide the
most future benefit. There are many nonnative species
already presentin Southeast bioregion habitats for which
no information is available. Included in this category
are giant reed, field bindweed (Convolvulus arvensis),
Chinese silvergrass (Miscanthus sinensis), princesstree
(Paulownia tomentosa), golden bamboo (Phyllostachys
aurea), multiflora rose (Rosa multiflora), sericea lespe-
deza, five-stamen tamarisk (Tamarix chinensis), French
tamarisk (7. gallica), smallflower tamarisk (T. parvi-
flora), saltceder (T. ramosissima), bigleaf periwinkle
(Vinca major), common periwinkle (V. minor), Japanese
wisteria (Wisteria floribunda), and Chinese wisteria
(Wisteria sinensis).

At a minimum we need longer-term studies that
document broad species changes in population size
and distribution. For instance, it has been suggested
that replacement of wet grassland species by invasive
hardwood shrubs (Brazilian pepper) and trees (Chinese
tallow) results in reduced fine fuel load and horizontal
continuity (Doren and Whiteaker 1990; Doren and
others 1991; Grace 1999). These fuel changes could
logically lead to changes in fire frequency, severity,
and patchiness, but that has yet to be documented.
There is also potential for subsequent changes in na-
tive plant species coverage and/or diversity—a topic
that deserves further study.
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Because so much of the Southeast is relatively low-
lying, the effect of natural and artificially-manipulated
hydrology on the relationship between fire and invasive
plants needs to be examined. For instance, we know
that artificially lowered surface-water elevations in
south Florida wet grasslands lead to increased fires
and exposure of mineral soil that facilitate melaleuca
invasions, but management practices that could pre-
vent such invasions have not been determined.

Emerging Issues

The Southeast has more fire and more invasive
plants than most other parts of the country. To further
complicate the situation, the Southeast is also rapidly
increasing its human population. The “sunbelt” is the
fastest growing part of the United States, with a 21
percentincrease in population between 1970 and 1980,
and an 18 percent increase between 1980 and 1997
(NPA 1999). It remains to be seen whether prescribed
fire practices can be implemented and maintained
with more and more urban incursions into forest and
natural areas.
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Global warming and related increases in carbon di-
oxide may well affect the relationships amonginvasive
plants, native plant communities, and fire. Lightning
frequencyis expected toincrease with global warming.
The U.S. Global Change Research Program’s National
Assessment Synthesis Team has predicted that the
“seasonal severity of fire hazard” will increase about
10 percent for much of the United States, but a 30
percent increase in fire hazard is predicted for the
Southeast (NAST 2000).

Major changes in plant communities have occurred
in the Southeast because of the interaction of invasive
nonnative plants and fire management policy and
practice. However, it is not a given that the Southeast
would have avoided its seriousinvasive plant problems
if presettlement fire regimes had been maintained,
nor that reinstating presettlement fire regimes in the
1800s would have prevented problems during the next
two centuries.

Better understanding of the relationship between
invasive plants, fire, and fire management is certainly
needed if resource managers are to maximize their
ability to prevent further nonnative plant invasions
and adjust fire policy to both reduce the existing inva-
sive plant populations and achieve other management
objectives.
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Chapter 7-

s

Fire and Nonnative Invasive Plants
in the Central Bioregion

Introduction

The Central bioregion is a vast area, stretching
from Canada to Mexico and from the eastern forests
tothe Rocky Mountains, dominated by grasslands and
shrublands, butinclusive of riparian and other forests.
This bioregion has been impacted by many human-
induced changes, particularly relating to agricultural
practices, over the past 150 years. Also changed are
fire regimes, first by native peoples who used fire for a
variety of purposes and then by European settlers, who
directly and indirectly contributed to a great reduction
in the frequency of fire on the landscape. Perhaps of
even greater importance has been the introduction of
nonnative plant species, which have come to impact
every community type to some degree.

Nonnative plants have a wide array of impacts on
native ecosystems and populations in the Central
bioregion, and these impacts continue to mount and
evolve. Many long-time invaders, such as smooth brome
(Bromusinermis), and leafy spurge (Euphorbia esula),
have already spread to large areas, and their ranges
may still be expanding. Others, such as tamarisk or
saltcedar (Tamarix spp.) and buffelgrass (Pennisetum
ciliare), are rapidly spreading at the present time,
while still others have likely not yet shown their full
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potential for expansion. In this volume, as well as in
this chapter, our emphasis is on the interaction of
nonnatives with fire, how it affects them and how they
affect it.

The ecosystems of the Central bioregion have been
shaped by fire, including fires associated with natural
ignitions and those deliberately set by humans. Both
grasslands and shrublands in this bioregion experi-
enced frequent and widespread fires during their evolu-
tion (Stewart 2002). Prescribed fire is now widely used
tomanage some areas for their natural characteristics.
Thus, while changed in character, both by conditions
that now limit wildfire occurrence and spread and by
prescribed burning, the Central bioregion remains one
with a high fire frequency (Wade and others 2000).

Fire interactions with nonnative plants can have
important impacts. In some cases, fire can be a means
of reducing impacts of nonnative species (chapter 4).
In other cases, fire may facilitate the establishment
and spread of nonnatives (chapter 2). Some nonna-
tive species can radically change the fire regime itself
(chapter 3). Because of the widespread use of prescribed
fire in this bioregion, it is important to know how non-
native species interact with fire and whether there are
means whereby these interactions can be controlled.
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Geographic Context and Chapter
Organization

Grasslands characterize most of the Central biore-
gion, much of which has varying amounts of shrubland
and woodland components. Two major subdivisions
occur within the Central bioregion: the mesic tallgrass
prairie subregionin the east and the drier Great Plains
subregion in the west. A wide variety of conditions and
species exist within each of these two major subregions.
To capture some ofthis variability, these subregions are
further divided into formations based on dominant life
forms and north-south gradients. Within each of these
formations, some nonnatives are conspicuously associ-
ated with riparian zones, which are typically forested
even if surrounded by grassland. The boundaries of
vegetation communities in the Central bioregion are
not usually strictly delimited; rather, many types oc-
cur scattered throughout the eastern deciduous biome
and western and southwestern forests. The central
grasslands intergrade from open expanses into arid
grasslands and savannas in the west and southwest
and into grassland inclusions in the east.

A greatrange of climate, topography, soil conditions,
and historic land use practices occur within the Cen-
tral bioregion. In the east, most of the pre-Columbian
tallgrass prairies have been converted to agricultural
fields, some of which have been abandoned and allowed
to succeed to various states that include a variety of
nonnative and potentially invasive species. In the west,
grasslands have also been used for crop production but
are used more often forlivestock grazing, which means
that much larger expanses of grassland existin atleast
aquasi-native statein the Great Plains subregion. The
embedded wetland and riparian habitats also vary in
their condition. In areas where wetlands were small
and isolated, there was a tendency for them to be
eliminated. In the more extensive coastal wetlands,
the communities generally retain more of their native
character and are often comparatively pristine.

We would like to be able to predict individual species’
interactions with fire within ecoregional boundaries.
What is most predictive is information about the biol-
ogy of individual species. Consistent botanical traits
lead to relatively consistent outcomes. Less reliable is
our ability to predict how a species will respond in the
presence of other species. Competitive ability varies
with environment, and complex interactions with the
varying native flora and fauna ensure that outcomes
will be somewhat conditional. The inadequacy of
available information and the complexity of particular
situations make it imperative that we keep in mind
the possibility that particular situations may deviate
from general guidelines.
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This chapter presents individual species and their
relation to fire within the mesic tallgrass prairie and
Great Plains subregions, which match up approxi-
mately with the tallgrass prairie in the east (covered
by Wade and others 2000) and the plains grasslands
in the west (covered by Paysen and others 2000). The
treatment is further divided by formations where in-
dividual species seem to be most problematic. At this
level, we follow the system presented by Risser and
others (1981). Using this approach, we recognize two
formations in the mesic tallgrass prairie subregion,
(1)thenorthern and central tallgrass prairie and (2) the
southern tallgrass prairie. Within the Great Plains
subregion, we recognize (1) the northern mixedgrass
prairie, (2) the southern mixedgrass prairie, and (3) the
shortgrass steppe (fig. 7-1). Finally, while not uniform
throughout, we recognize a riparian formation as
distinct in character. These classifications recognize
the strong role that climate plays in nonnative species
distributions and impacts. The reader is reminded
that these classifications are approximations and that
nonnative invasive species’ ranges are not always pre-
cisely known and may be expanding. Within-formation
variation, which can also be of great importance, will
be discussed for each species within this framework
when evidence of such variation is available.

l_r——‘(‘_“

"] Shortgrass Prairie \/ o
I Southern Mixed Prairie

| Southern Tallgrass Prairie
| Northern Mixedgrass Prairie
I Northern & Central Tallgrass Prairie

Figure 7-1—Approximate distribution of major vegetation forma-
tions in the Central bioregion. Riparian areas are not shown.
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Fire Regimes

Grassland and shrubland fire regimes have many
similarities. Presettlement fires were frequent and
the natural or reference fire regime was dominated
by growing-season fires, while the anthropogenic fire
regime during the past few millennia seems tobe heav-
ily slanted toward dormant season burning (Stewart
2002). Most of these plant communities have now been
either cultivated or grazed, and many common features
follow from these major influences. To provide useful
information, the challenge is to present a picture that
is general enough to supply broad guidance to burning
programs and decision making. At the same time, we
must recognize that there is a great deal of complex-
ity hidden by general descriptions. Our purpose is to
focus on some of the major nonnative plants in this
bioregion and exemplify the kinds of information known
and unknown relating to their interactions with fire.
In this vein, in the Effects of Fire on Flora volume
(Brown and Smith 2000) figure 1-2 (page 7) provides
a useful depiction of fire regime types, including a
representation of the average conditionsin the Central
bioregion.

Wildfires in grasslands are generally warm-season
fires that consume most of the aboveground herba-
ceous growth; that is, they are “stand-replacement”
fires as defined by Brown (2000). Presettlement fire
regimes in the mesic subregion (northern, central,
and southern tallgrass prairies) are characterized as
stand-replacement fires with average return intervals
of 10 years or less (Wade and others 2000). The Great
Plains subregion contains communities with fire
regimes that fall into the categories of either stand-
replacing or mixed-severity fires (due to the presence
of shrubs) and have fire-return intervals of 35 years or
less (Paysen and others 2000). Fire severity patterns
depend largely on the continuity and abundance of
fuels, which in turn is influenced by rainfall and local
factors such as grazing. Fire exclusion has a profound
impact on the current fire regime. While many man-
aged areas are subject to routine prescribed burning,
the majority of the landscape is now managed for fire
exclusion. Also of great importance is grazing. Where
livestock grazing is intensive, the availability of fuels
can be greatly reduced, strongly impacting the likeli-
hood and character of fire.

The Conservation Context

Temperate grasslands, which predominate in the
Central bioregion,include some of the most threatened
ecosystems in the world (Ricketts and others 1999).
In North America, their widespread use for agricul-
ture and livestock grazing, in addition to the effects
of urbanization and other human activities, have led
to dramatic alterations in their extent and condition.
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Nonnative plants constitute a major additional threat
to conservation, rehabilitation, and restoration of tem-
perate grasslands (Smith and Knapp 1999; Stohlgren
and others 1999a; Westbrooks 1998). Studies indicate
that the success and consequences of an invasion
depend on many factors, including fire. Because of
the historic importance of fire in this bioregion, the
interactions between invasives and fire is likely to be
of critical importance in these systems.

A variety of interactions between invading species
and fire is possible. In some cases, fire may act as an
environmental filter that eliminates or reduces nonna-
tiveinvaders. Inother cases, fire-adapted invaders will
be quite impervious to burning, and fire may facilitate
the establishment and spread of certain nonnative
plants. Alternatively, fire exclusion may provide a
window of opportunity for the establishment of certain
nonnatives that may not be easily displaced once they
have established. Species that invade and become
dominant may drastically change the fire regime and,
through that change, have detrimental effects on the
native community. Both the natural characteristics of
a landscape and anthropogenic modifications can be
expected toinfluence the interactions between invaders
and native communities. Also, interactions between
fire and invasives can be complicated by additional
factors such as grazing and other disturbances (Collins
and others 1995, 1998; Stohlgren and others 1999b).
More information is needed in order to manage natural
and seminatural systems using fire in ways that are
of greatest utility to conservation, particularly in the
face of nonnative invasions.

Overview of Nonnative Plants that Impact
or Threaten the Central Bioregion

Many nonnative plants occurin the Central bioregion
(table 7-1). Some species have very broad distributions
and have demonstrated invasiveness in many, but
not all, ecosystems within their ranges. These species
include cheatgrass (Bromus tectorum), smooth brome,
tamarisk, leafy spurge, spotted knapweed (Centaurea
biebersteinii), and Canada thistle (Cirsium arvense).
Other species are of increasing concern, such as Cau-
casian bluestem (Bothriochloa bladhii), itchgrass
(Rottboellia cochinchinensis), and guineagrass (Uro-
chloa maxima). Still others (such as Angleton bluestem
(Dichanthium aristatum)) are restricted to a limited
portion of the range of grassland types; and the status
of some nonnatives is not well documented.

The degree of concern associated with these nonna-
tives varies depending on climate and other factors. Of
greaterimportanceinthe Northern and Central States
are leafy spurge, cheatgrass, smooth brome, spotted
knapweed, Canada thistle, musk thistle (Carduus
nutans), sweetclovers (Melilotus spp.), Dalmatian
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Table 7-1—Nonnative plants of major concern in the central United States (from
Grace and others 2001). Scientific nomenclature is from the ITIS
Database (http://www.itis.usda.gov/).

Grasses

Angleton bluestem
Bahia grass
Bermudagrass
Buffelgrass
Caucasian bluestem
Cheatgrass
Cogongrass
Crested wheatgrass
Fountain grass
Giant reed

Giant sugarcane plumegrass
Guineagrass
ltchgrass

Japanese brome
Johnson grass
Kentucky bluegrass
Kleberg bluestem
Lehmann’s lovegrass
Orchard grass
Quackgrass
Ryegrass spp.
Smooth brome
Vaseygrass

Yellow bluestem

Forbs

Brazilian vervain
Canada thistle
Common mullein
Crown vetch
Dalmatian toadflax
Diffuse knapweed
Garlic mustard
Japanese climbing fern
Kochia

Leafy spurge
Missouri bladderpod
Musk thistle

Oxeye daisy

Purple loosestrife
Red-horned poppy
Russian knapweed
Scotch thistle
Sericea lespedeza
Spotted knapweed
Squarrose knapweed
White Sweetclover
Whitetop

Yellow sweetclover
Yellow starthistle
Yellow toadflax

Woody Species
Chinese privet
Chinese tallow
Common buckthorn
Japanese honeysuckle
Macartney rose
Multiflora rose
Russian-olive
Tamarisk

Dichanthium aristatum (Poir.) C.E. Hubbard
Paspalum notatum Fluegge

Cynodon dactylon (L.) Pers.
Pennisetum ciliare var. ciliare (L.) Link
Bothriochloa bladhii (Retz.) S.T. Blake
Bromus tectorum L.

Imperata cylindrica (L.) Beauv.
Agropyron cristatum (L.) Gaertn.
Pennisetum glaucum (L.) R. Br.
Arundo donax L.

Saccharum giganteum (Walt.) Pers.
Urochloa maxima (Jacq.) R. Webster
Rottboellia cochinchinensis (Lour.) W.D. Clayton
Bromus japonicus Thunb. ex Murr.
Sorghum halepense (L.) Pers.

Poa pratensis L.

Dichanthium annulatum (Forsk.) Stapf
Eragrostis lehmanniana Nees

Dactylis glomerata L.

Elymus repens (L.) Gould

Lolium spp. L.

Bromus inermis Leyss.

Paspalum urvillei Steud.

Bothriochloa ischaemum (L.) Keng

Verbena brasiliensis Vell.

Cirsium arvense (L.) Scop.

Verbascum thapsus L.

Coronilla varia L.

Linaria dalmatica (L.) P. Mill.

Centaurea diffusa Lam.

Alliaria petiolata (Bieb.) Cavara & Grande
Lygodium japonicum (Thunb. ex Murr.) Sw.
Kochia prostrata (L.) Schrad.

Euphorbia esula L.

Lesquerella filiformis Rollins

Carduus nutans L.

Leucanthemum vulgare Lam.

Lythrum salicaria L.

Glaucium corniculatum (L.) J.H. Rudolph
Acroptilon repens (L.) DC.

Onopordum acanthium L.

Lespedeza cuneata (Dum.-Cours.) G. Don
Centaurea biebersteinii DC.

Centaurea triumfettii All.

Melilotus alba Medikus

Cardaria draba (L.) Desv.

Melilotus officinalis (L.) Lam.

Centaurea solstitialis L.

Linaria vulgaris P. Mill.

Ligustrum sinense Lour.
Triadica sebifera (L.) Small
Rhamnus cathartica L.
Lonicera japonica Thunb.

Rosa bracteata J.C. Wendl.
Rosa multiflora Thunb. ex Murr.
Elaeagnus angustifolia L.
Tamarix spp. L.
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toadflax (Linaria dalmatica), and Kentucky bluegrass
(Poa pratensis). In the southern portion of the Central
bioregion, buffelgrass, guineagrass, Bermudagrass
(Cynodon dactylon), sericea lespedeza (Lespedeza cu-
neata), Johnson grass (Sorghum halepense), Chinese
tallow (Triadica sebifera), Macartney rose (Rosa brac-
teata), Caucasian bluestem, and several other escaped
pasture grasses are the most often mentioned species.
Riparian and wetland habitats in many parts of the
Central bioregion have been invaded by tamarisk,
Russian-olive (Elaeagnus angustifolia), and purple
loosestrife (Lythrum salicaria). In southern wetlands,
nonnative invaders include giant reed (Arundo do-
nax).

The species covered in this chapter represent only
a fraction of the nonnatives currently present in tem-
perate grasslands. In a review of invasive species in
the USGS Central Region (Burkett and others 2000),
resource management agencies throughout the Central
States were polled to obtain their views on which non-
native invaders (plants and animals) were of greatest
concern. Some 69 plant taxa were reported to be of
concern, which gives an indication of the magnitude
of the problem. A preliminary assessment of the flora
of the southern tallgrass prairie formation (Allain and
others, unpublished report, 2004) has identified over
150 nonnative species in this type of prairie alone.
Also, of the 304 grass species in Texas coastal prairies
and marshes, 85 (26 percent) are introduced (Hatch,
S. and others 1999). Our current knowledge about the
full suite of introduced species in the Central bioregion
and how they relate to fire is incomplete. While certain
generalizations may apply to nonnative invaders, ex-
perience tells us that species-specific and site-specific
effects are often highly important and difficult to an-
ticipate without a great deal more information than
is currently available.

Plant-Fire Interactions

The conceptual model presented by Grace and others
(2001) represents a framework for summarizing and
evaluating how an invading nonnative may interact
with the native community and the fire regime. In
this framework, the major categories of influences
are the native community characteristics, the fire
regime, the growth conditions for both nonnative and
native species, and the influences that disturbances,
human impacts, and landscape characteristics have
had in the past and will have in the future. According
to this model, several major relationships will deter-
mine whether an invasive species can successfully
establish and persist in a habitat in the absence of
fire. These include whether an invading species can
survive and spread when fires occur and the degree to
which the invader may ultimately alter that system.
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The process of invasion can be broken into four stages:
(1) establishment, typically from seed, though long-
distance dispersal of vegetative propagules may occur
in some cases; (2) survival and reproduction (that is,
persistence); (3) density increase within a site, which
includes spread within a site, either through seed or
vegetatively, as well as increases in abundance in sur-
rounding areas; and (4) dominance, which implies not
only the establishment of substantial abundance but
also the suppression of other species or other types of
ecological harm.

Several questions about how an invasive species re-
lates to fire need to be addressed in order to predict the
species relationship to fire in a particular setting:

1. Does fire enhance establishment by the nonnative?

2. Does fire result in the mortality of the nonna-
tive?

3. Are burned plants able to regrow following fire
and, if so, how rapidly do they recover?

4. Howimportantis competition with native species
to the response by a nonnative to fire? and

5. What effects does a nonnative species have on
the characteristics of the fire regime?

The answers to these questions, though approximate,
are used to frame the discussion of each of the invasive
species discussed below and can be used to classify
them into different functional types as described by
Grace and others (2001).

The goal of this chapter is not to produce an exhaus-
tive treatment of all major nonnatives in the Central
bioregion, which can be found in Grace and others
(2001). Rather, we summarize available information
relating to nonnatives of greatest concern with regard
tointeractions with fire in these ecosystems. Following
anintroduction to the subregion and formations, three
main topics will be discussed for species or groups of
species within each formation in that subregion: (1)
the role of fire or fire exclusion in promoting nonna-
tive species invasions, (2) the effects of nonnative
invasives on fuels and fire regimes, and (3) the use of
fire to control nonnative invasives. Table 7-2 lists the
species, organized by the formations in which they
pose the greatest problem, that will be discussed in
detail in this chapter.

The Mesic Tallgrass Prairie
Subregion

This subregion is represented by tallgrass prairie
ecosystems that extend, though not continuously,
from Canada to Mexico (Risser and others 1981). Both
characteristic grasses (for example, prairie cordgrass
(Spartina pectinata) in the north and brownseed
paspalum (Paspalum plicatulum) in the south) and
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Table 7-2—Approximate threat potential of several major nonnative species in the Central bioregion within seven broad vegetation
formations. L= low threat, H = high threat, P = potentially high threat, N= not invasive

Formations
Northern
& Central |Southern| Northern Southern
Species taligrass | tallgrass | mixedgrass | mixedgrass | Shortgrass
Scientific name Common name prairie prairie prairie prairie steppe Riparian
Arundo donax Giant reed N N N N N H
Bothriochloa ischaemum Yellow bluestem N H N H P N
Bothriochloa bladhii Caucasian bluestem H H H P P N
Bromus inermis Smooth brome H N P N N N
Bromus japonicus Japanese brome N N H N H N
Bromus tectorum Cheatgrass N N H P H N
Centaurea spp. Knapweeds L N H H H N
Cirsium arvense Canada thistle H L H L H N
Coronilla varia Crown vetch H N L N N N
Elaeagnus angustifolia Russian-olive N N H L H H
Euphorbia esula Leafy spurge H N H N N N
Imperata cylindrica Cogongrass N H N N N N
Lespedeza cuneata Sericea lespedeza H H L N L N
Melilotus alba White sweetclover H N H N L N
Melilotus officinalis Yellow sweetclover H N H N L N
Poa pratensis Kentucky bluegrass H N H N N N
Pennisetum ciliare var. ciliare | Buffelgrass N L N H H N
Rhamnus cathartica Common buckthorn H N N N N H
Rosa bracteata Macartney rose N H N N N N
Sorghum halepense Johnson grass N H N N N N
Tamarix spp. Saltcedar, tamarisk N H N H H H
Triadica sebifera Chinese tallow N H N N N H
Urochloa maxima Guineagrass N N N H N N

forbs (for example, Canadian milk vetch (Astragalus
canadensis)and prairie cinquefoil (Potentialla arguta)
in the north, and Texas coneflower (Rudbeckia texana)
and tropical puff(Neptunia pubescens)inthe south) are
regionally restricted to the northern versus southern
lobes of the tallgrass prairie (Kucera 1992; Smeins
and others 1992).

Historically, Native Americans were probably the
primary source of ignition for fires in the mesic prairie
subregion during normal weather conditions. Evidence
regarding fire frequencies from this subregion is most
reliably taken from scars embedded in trees. Such
dataindicate that prior to 1870, when European influ-
ences had clearly come to dominate, fires occurred at
roughly 5-year return intervals, while for the period
after that, return intervals of around 20 years are
more characteristic(Wade and others 2000). Because of
the strong influence of human-caused fires on the fire
regime, predominant fire season has varied depending
on the practices of the peoples living in the area more
than on the influences of lightning strikes and dry
frontal passages. Fuel loads in mesic grassland are
characteristically high, in the range of 5 to 10 mt/ha.
Such fuels characteristically produce flame lengths
of 10 to 13 feet (3 to 4 m) and typically precluded the
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establishment and persistence of woody plants in
areas where moisture conditions were adequate for
forest development. The exclusion of fire leads to rapid
conversion of many areas of mesic prairie to woodland
(Wade and others 2000). Species of oak (Quercus spp.)
and juniper (Juniperus spp.) are among the native
woody plant groups whose ranges have expanded in
recent times.

Successional responses to fire among prairie natives
are influenced by season and frequency of burning.
Prescribed burning in tallgrass prairie has been most
commonly applied in spring or fall, with late spring
or fall fires having a tendency to favor warm season
grasses compared to early spring fires. Generally, late
spring burns are recommended to foster the density of
warm-season (C,) grasses and prevent the establish-
ment of nonnatives (Willson and Stubbendieck 2000).
However, it is possible that while such a strategy
may be successful against cool-season nonnatives (for
example, Kentucky bluegrass) it may be less success-
ful in cases of warm-season nonnatives (for example,
Johnson grass).

Native prairie species respond differentially to
fire frequency. Generally, big bluestem (Andropogon
gerardii) shows no response to time since fire, while
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little bluestem (Schizachyrium scoparium), indian-
grass (Sorghastrum nutans), and switchgrass (Panicum
virgatum) all decrease with time since fire. Gibson
(1988) found that perennial forbs and cool-season
grasses increased with time since fire, while annual
forbs and warm-season grasses decreased. Annual or
frequent burning tends to reduce herbaceous plant di-
versity in tallgrass prairie (Wade and others 2000).

The management of wildlife species may also influ-
ence burn times in order to avoid direct mortality of
individuals, particularly during nesting season. Inte-
gration of livestock grazing and fire management is
constrained by the needs of the animals and by the
effects of grazing on fuels. Results from various studies
suggest that for the conservation of native diversity,
a variety of burn times should be used (Howe 1995).
However, when nonnatives are involved, many such
recommendations must be reconsidered to avoid pro-
motion of nonnative dominance.

Northern and Central Tallgrass
Prairie Formation

In the northern and central tallgrass prairie, from
Canada to Oklahoma, the topography is mostly gently
rolling plains. Some areas are nearly flat, while other
areas have high rounded hills. Elevation ranges from
300 to 2,000 feet (90 to 600 m). Summers are usually
hot and winters cold, with the frost-free season ranging
from 120 days in the northern portion to 235 days
in the central portion. Average annual precipitation
ranges from 20 to 40 inches (510 to 1,020 mm), and falls
primarily during the growing season (Bailey 1995).

Most of the area is cultivated, and little of the na-
tive vegetation remains. Where it does occur, native
vegetation in this formation is predominantly prairie
dominated by bluestems (bigbluestem, little bluestem,
sand bluestem (Andropogon gerardii var. paucipilus))
and variously codominated by switchgrass, indi-
angrass, prairie sandreed (Calamovilfa longifolia),
needle-and-thread grass (Hesperostipa comata), and
hairy grama (Bouteloua hirsuta) (Kiichler 1964). Many
flowering forbs are also present. Most of these prairie
species are classified as warm-season plants. Woody
vegetation is uncharacteristic in native prairie, except
within the eastern ecotone where the prairie grades
into oak-hickory (Quercus spp.-Carya spp.) forest, and
on floodplains and moist hillsides (Garrison and others
1977; Kiichler 1964). Additionally, in places where fire
is excluded and grazing is limited, deciduous forest
is encroaching on the prairies (Bailey 1995). Where
conditions are more mesic or otherwise favor tree and
shrub growth, savannas (for example, oak savanna) are
common. In these savannas, the vegetation between
trees comprises species typical of tallgrass prairie
(Nuzzo 1986).
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The effects of long-term, frequent fires on central
tallgrass prairie plant communities and the relation-
ship between nonnative species and fire in these com-
munities was examined in a 15-year study at Konza
Prairie in northeastern Kansas (Smith and Knapp
1999). Long-term annual spring burning resulted in
80 percent to 100 percent reductions in number and
abundance of nonnative plant species compared with
infrequently burned plots. Nonnative species were
absent from sites that had been burned 26 of 27 years,
and nonnative species richness steadily increased as
the number of times a site was burned decreased. The
highest nonnative species richness occurred on sites
burned fewer than 6 times over the 27-year period.
Thus the cumulative effects of fire seem to be impor-
tant in controlling invasion by nonnative species in
tallgrass prairie. This effect may be due more to the
increased productivity of dominant native C, grasses
under a regime of frequent fire rather than to direct
negative impacts of fire on nonnative species (Smith
and Knapp 1999). Some species such as Caucasian
bluestem appear tobeless easily controlled by frequent
fire (USDA, NRCS 2006).

The effects of frequent fire on plant community
composition in tallgrass prairie varies with burn
season (Howe 1995; Towne and Kemp 2003), other
land management practices (for example, grazing by
livestock and bison), climatic variation, topographic
position, and the impact of management practices
on soil, moisture availability, fire patchiness, and
propagule pressure (Coppedge and others 1998;
Hartnett and others 1996; Trager and others 2004;
Vinton and others 1993). For example, while annual
burning appears toreduce invasibility of areas studied
at Konza Prairie, there is evidence that nonnative spe-
cies richness increases 2-fold in annually burned sites
that are grazed when compared to similar ungrazed
sites (Smith and Knapp 1999). Similarly, the percent
of species that were nonnative in bison wallows on
Konza Prairie was higher than in surrounding grazed
prairie sites whether sites were burned annually or
on a 4-year rotation. In both wallow and prairie sites,
most nonnative species (smooth brome, common pep-
perweed (Lepidium densiflorum), Kentucky bluegrass,
and prostrate knotweed (Polygonum aviculare)) had
higher cover on annually burned sites than on those
burned every 4 years, although differences were not
always significant (Trager and others 2004).

When there is a source of nonnative propagules in
the area surrounding an annually burned site, the
site may be more susceptible to establishment and
spread of these species in the postfire environment
(Grace and others 2001). Further studies at Konza
Prairie by Smith and Knapp (2001) suggest that the
size and composition oflocal species pools surrounding
a target community is as important as the effects of
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firein determininginvasibility at this tallgrass prairie
site. So, while fire is an important management tool
for promoting dominance of native C, grasses and re-
ducing nonnative species invasions, frequent fire may
not sufficiently limit nonnative speciesinvasionsifthe
local nonnative species pool is relatively large. This
is an important consideration as prairie ecosystems
become increasingly fragmented and nonnative spe-
cies establish in surrounding areas (Smith and Knapp
2001).

Important nonnative species in the tallgrass prairie
formationinclude several introduced perennial pasture
grasses such as smooth brome, Kentucky bluegrass and
Caucasian bluestem; perennial forbs such as Canada
thistle, crown vetch (Coronillavaria), sericealespedeza,
biennial sweetclovers, and leafy spurge; and the shrub
common buckthorn (Rhamnus cathartica). Information
on fire relationships for these species follows, although
Caucasian bluestem is covered in the section on south-
ern tallgrass prairie and leafy spurge is covered in the
section on northern mixedgrass prairie.

Smooth brome—Smooth brome is a widespread
nonnative grass that has been widely planted to in-
crease forage or to reduce erosion following wildfires;
it readily escapes into other habitats, particularly in
the northern portion of its range (Sather 1987a, TNC
review). It generally invades after disturbance and is
a common invader of prairie habitat throughout the
Great Plains (Howard 1996, FEIS review). Smooth
brome is a cool-season, perennial grass that begins its
growth in early spring and continues growth late into
fall. It is a prolific seed producer (figure 7-2), setting

Figure 7-2—Smooth brome in flower. This widely distributed
species, characteristic of the northern and central tallgrass
prairie subregions, is a major invader of disturbed native prai-
rie and restoration sites. (Photograph by Mike Haddock, with
permission, (see www.lib.ksu.edu/wildflower).)
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seed mid-summer through fall. Studies indicate that it
has a high level of drought resistance while not being
particularly flood tolerant (Dibbern 1947). Most smooth
brome cultivars are rhizomatous, though some northern
cultivars have bunchgrass morphology. Because of the
magnitude of morphological variation among cultivars,
Howard (1996) suggests that postfire recovery may
differ among cultivars, although such differences have
not been documented in the literature.

Exclusion of fire from tallgrass prairie sites may
promote smooth brome invasion, and smooth brome
can be adversely affected by burning in some cases
(Blankespoor and Larson 1994; Kirsch and Kruse
1973). According to Masters and Vogel (1989), smooth
brome is usually found in tallgrass prairie in areas
with a history of overgrazing and/or fire exclusion. A
comparison of burned and unburned prairie remnants
in northwestern Illinois indicates that fire exclu-
sion favors nonnatives such as smooth brome and
Kentucky bluegrass over native prairie species such
as little bluestem and porcupinegrass (Hesperostipa
spartea), while periodic spring burning over a 20-year
period increased mean native species richness and
reduced nonnative species richness (Bowles and others
2003).

Smooth brome invasion may sometimes be enhanced
by fire, and it appears to suffer little mortality when
burned, responding to fire by sprouting from rhizomes
and possibly by tillering. Fire in early spring or fall
may promote smooth brome by removing litter from
sod-bound plants (Howard 1996). Over a 15-year period,
annual spring burning did not reduce this species in
tallgrass prairie in northeastern Kansas (Smith and
Knapp 1999). Smooth brome’s phenological stage
at the time of burning may be more important in
determining its response to fire than the date of
burning. Burns during the spring growth period
may reduce smooth brome vigor, and several
researchers have reported reductions in smooth
brome after late-spring fires (Howard 1996). Grilz
and Romo (1994, 1995) found no significant effect
of fall or spring burning on smooth brome stem
density in tallgrass prairie in Saskatchewan. The
authors speculate that a single dormant-season
burn in this C3-dominated fescue prairie is not
expected toreduce smooth brome, and may actually
increase smooth brome density if native species
are suppressed (Grilz and Romo 1994).

Willson and Stubbendieck (2000) have pro-
posed a model for managing smooth brome using
prescribed fire in northern tallgrass prairie. One
fundamental aspect of their proposed approach
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relates to the plant’s phenology. Tiller emergence in
smooth brome occurs twice: once after flowering in
early summer and again in fall (Lamp 1952). Fall til-
lers overwinter and then elongate in early May in the
central Great Plains and Midwestern States. Willson
(1991) found a 50 percent reduction in the density of til-
lers following prescribed burning in eastern Nebraska
in early May, presumably because of reduced carbo-
hydrate reserves during the time of tiller elongation.
Kirsch and Kruse (1973) and Old (1969) also reported
that burns in April and May have negative effects
on smooth brome. Additional studies by Willson and
Stubbendieck (1996,1997)in Minnesota and Nebraska
have examined burning during (1) tiller emergence,
(2) tiller elongation, (3) heading (initiation of morpho-
logical changes associated with sexual reproduction),
and (4) flowering. Burning during any of these periods
resulted in reductions in plant growth.

A second aspect of control of smooth brome relates
tonative competitors. Field observationsindicate that
burning when smooth brome tillers are elongating
in the spring shifts the competitive balance to favor
warm-season tallgrass species such asbigbluestem. In
the absence of native warm-season grasses, the adverse
effects of fire on smooth brome are not sufficient to
control smooth brome (Willson and Stubbendieck 2000).
Fire and competition in combination may inhibit this
species, though in the absence of native warm-season
competitors, even fire precisely timed to have maxi-
mum impact on smooth brome will not be sufficient to
lead to sustained population reductions (Willson and
Stubbendieck 2000). Other examples of this pattern
have been observed involving Kentucky bluegrass,
quackgrass, and possibly also crested wheatgrass and
Canada thistle.

There is no indication that smooth brome alters the
fire regime of systems it invades. In the absence of
specificinformation, we might hazard a guess that this
results partly from the fact that the grasslands that
smooth bromeinvades are typically high in herbaceous
cover and naturally prone to high fire frequencies.
Another factor that might contribute is its perennial
nature and the fact that its aboveground tissues donot
dry and become highly flammable early in the summer.
Since the literature suggests that smooth brome can
be burned almost any time of year, it is unclear how
important the difference in fuel drying may be.

Kentucky bluegrass—Kentucky bluegrass, like
smooth brome, is a perennial, cool season, rhizomatous
invader of native grasslands that is widely planted, in
this case primarily for lawns, as well as for pastures
and erosion control. Kentucky bluegrassis a significant
invader in more mesic sites in the upper Great Plains
as well as in eastern prairies and it is considered a
major problem for tallgrass and mixedgrass prairies
(Hensel 1923; Sather 1987b, TNC review; Stohlgren and
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others 1998). Due to its strongly rhizomatous nature,
Kentucky bluegrass is capable of rapid vegetative
spread (Etter 1951), and populations are persistent.

Exclusion of fire from tallgrass prairie sites seems to
favor nonnative, cool season grasses such as Kentucky
bluegrass (Benson 2001; Bowles and others 2003; Smith
and Knapp 1999), and many studies have shown that
burning has negative effects on Kentucky bluegrass
production in tallgrass prairie. Fire impacts on Ken-
tucky bluegrass are most pronounced when burning
takes place during tiller elongation in the spring (for
example, Archibold and others 2003; Curtis and
Partch 1948; Ehrenreich 1959) and when fires are
repeated at relatively frequent intervals. Kentucky
bluegrass cover tends to be lower on annually burned
prairie sites than on sites burned at 4-year or longer
intervals (Collins and others 1995; Hartnett and others
1996; Vinton and others 1993). Kentucky bluegrass is
not always adversely affected by burning. Kirsch and
Kruse (1973) found it to be unaffected by a May burn
in mixedgrass prairie in North Dakota.

The effect of fire on Kentucky bluegrass is strongly
influenced by available soil moisture, which may
either enhance or nullify any detrimental impact
of fire (Anderson 1965; Blankespoor and Bich 1991;
Zedler and Loucks 1969). Late-spring burning on a
tallgrass prairie remnant in South Dakota resulted
in a significant (P < 0.01) reduction in Kentucky blue-
grass biomass on plots with low water content and
an insignificant reduction on plots with high water
content. Kentucky bluegrass biomass increased on
unburned plots regardless of soil moisture conditions
(Blankespoor and Bich 1991).

Because Kentucky bluegrass is a cool-season grass
that elongates early in the growing season (an attri-
bute that helps to make it a desirable forage species),
prescribed burning designed to shift the competitive
balance to native grasses is used widely for control-
ling this species. In addition to the importance of
timing and frequency of fire and available moisture,
native competitors make a critical difference in the
impact of burning on Kentucky bluegrass (Schacht
and Stubbendieck 1985). Where Kentucky bluegrass
grows with warm-season native grasses (as would be
typical in tallgrass prairie), repeated spring burn-
ing offers a substantial opportunity for shifting the
competitive balance toward native species (Owensby
and Smith 1973; Towne and Owensby 1984). Indeed,
native warm-season grasses dominated and Kentucky
bluegrass occurred less frequently in annually-burned,
mesic, tallgrass prairie sites at the Konza Preserve
in Kansas, compared to infrequently burned (20-year
burn cycle) or unburned sites (Benson 2001; Smith
and Knapp 1999). In more arid regions of the western
Great Plains, where native cool-season species are more
common, only a narrow window of opportunity exists
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for burning while Kentucky bluegrass is elongating but
before native species (for example, western wheatgrass
(Pascopyrum smithii) and needlegrasses (Achnatherum
and Hesperostipa spp.)) elongate (Sather 1987b). The
use of early spring burning becomes somewhat more
complex when both smooth brome and Kentucky blue-
grass occur together because the optimum time for
controlling each of these species with spring burning
does not appear to be the same. At present, there are
insufficient examples for drawing firm conclusions
about whether Kentucky bluegrass can be eliminated
from tallgrass prairie with fire.

Canada thistle —Canada thistle is a perennial forb
that spreads by seed and by creeping, horizontal roots.
It occurs throughout much of Canada and the United
States in nearly every upland herbaceous community
withinits range, particularly prairie communities and
riparian habitats. In the Central bioregion Canada
thistle threatens northern mixedgrass prairie and
shortgrass steppe formations, in addition to northern
and central tallgrass prairie. Itis an early successional
species, establishing and developing best in open,
moist, disturbed areas. Canada thistle often grows in
large clonal patches, and individual clones may reach
115 feet (35 m) in diameter, interfering with native
species (Zouhar 2001d, FEIS review).

Canada thistle is adapted to establish on exposed
bare soil on recently burned sites and to survive fire.
Several examples in the literature indicate Canada
thistle establishment from wind-deposited seed, any-
where from 2 to 9 years after fire, on sites where it was
absent from the prefire plant community and adjacent
unburned areas (Zouhar 2001d). Additionally, Canada
thistle may dominate the soil seed bank where it occurs,
as was observed on mixedgrass prairie sites in North
Dakota (Travnicek and others 2005). Its extensive
root system allows Canada thistle to survive major
disturbances and fires of varying severity by produc-
ing new shoots from adventitious buds on roots. The
response of Canada thistle to fire is variable, however,
depending on vegetation and site characteristics, as
well as frequency, severity, and season of burning
(Zouhar 2001d).

Results from studies on prairie and riparian sites
demonstrate Canada thistle’s variable response to
fire. There were no significant differences (P <0.05) in
Canada thistle cover after spring burning in the prairie
pothole region of Iowa (Messinger 1974). Prescribed
burning in spring either reduced or did not change
canopy cover of Canada thistle on bluestem prairie
sites in Minnesota. Results varied among sites that
differed in plant community composition and in time
and frequency of burning (Olson 1975). In a prairie site
at Pipestone National Monument, Minnesota, 5 years
of annual spring burning in mid- to late April, with
fires of low to moderate severity, reduced the frequency
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of Canada thistle over time until it was absent after
the fifth year (Becker 1989). Similarly, observationsin
tallgrass prairie sites in South Dakota indicate thatlate
spring prescribed burning (when native species are still
dormant) on a 4 to 5 year rotation (as per the historic
fire regime) encourages the growth of native plants
and discourages the growth of Canada, bull, and musk
thistles. Livestock use must be carefully timed follow-
ing burning, since grazing early in the growing season
can potentially negate beneficial effects of prescribed
fire (Dailey, personal communication, 2001). In a study
conducted on a mesic prairie site in Colorado, plots
that were burned frequently (5 times over 7 years) had
lower density of Canada thistle than did an area that
was burned only twice during the same period. Results
were inconclusive, however, since the final season of
the study saw increased spread of Canada thistle from
the surrounding area, probably due to clonal growth
from existing plants (Morghan and others 2000). On
a common reed marsh in Manitoba, Canada, thistle
response to burning varied with burn season. Above-
ground biomass, stem density, and seedling density
were unchanged on spring burns but increased on both
summer and fall burns (Thompson and Shay 1989).
A Canada thistle clone in a mid-boreal wetland site
in northeastern Alberta was not noticeably changed
when burned in the spring with a propane torch to
simulate both “light” and “deep” burns (Hogenbirk and
Wein 1991). The authors concluded that there exists
a moderate to high probability that Canada thistle
and other Eurasian xerophytic species will dominate
these wet meadows in the short term after fire, and
that they will continue to dominate small areas for
longer periods (Hogenbirk and Wein 1995).

Canada thistle may change the fuel characteris-
tics of invaded sites with its abundant aboveground
biomass. Hogenbirk and Wein (1995) suggest that in
boreal wet-meadow