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Foreword

The ACS Symposium Series was first published in 1974 to provide a
mechanism for publishing symposia quickly in book form. The purpose of
the series is to publish timely, comprehensive books developed from the ACS
sponsored symposia based on current scientific research. Occasionally, books are
developed from symposia sponsored by other organizations when the topic is of
keen interest to the chemistry audience.

Before agreeing to publish a book, the proposed table of contents is reviewed
for appropriate and comprehensive coverage and for interest to the audience. Some
papers may be excluded to better focus the book; others may be added to provide
comprehensiveness. When appropriate, overview or introductory chapters are
added. Drafts of chapters are peer-reviewed prior to final acceptance or rejection,
and manuscripts are prepared in camera-ready format.

As a rule, only original research papers and original review papers are
included in the volumes. Verbatim reproductions of previous published papers
are not accepted.

ACS Books Department
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Foreword

In February, 2000, an issue paper entitled “Invasive Plant Species” was
published by the Council for Agricultural Science and Technology (CAST). This
publication characterized invasive plant species as “one of the greatest threats
to croplands, rangelands, aquatic areas, and wildlands in the United States”.
The paper included a table with a partial list of economically and ecologically
important invasive plant species in the United States. It also included their habitat,
scientific name, common name, and distribution. In the summary, it stated that
“the formula for success” in addressing the problem “must include a coordinated
effort at federal, state, institutional, and private sector levels that will involve
long-term commitments of adequate planning, funding, scientists, and facilities to
produce results based on sound science. Programs based on arbitrary geopolitical
boundaries must be replaced by approaches based on ecosystem-scale realities”.

Although written by a primarily agricultural group, the CAST paper
addressed the threats of invasive plants to natural and managed areas, reasons
for their increasing spread, and government measures that might be taken to
counteract the problem. The remainder of the paper addressed the strengths and
weaknesses of current programs, and provided recommendations for minimizing
new plant invasions, and mitigating current damage from established species.

In the years since this paper was published, a number of events have
taken place that address these concerns. Every year, during National Invasive
Weed Awareness Week, conferences have been held in Washington, DC
that bring together leaders from government, industry and the private sector
to build relationships and report on progress. A number of invasive plant
partnerships and coalitions have been built to address area-specific problems
across geopolitical boundaries (e.g., state invasive species councils). A number
of government agencies have made invasive species a higher priority for funding
and programmatic efforts. In recent years, there has also been an increase in
publications as well as online databases that provide links to information and
mitigation strategies for invasive species.

In August, 2005, as part of this ongoing effort, a symposium entitled “Control
of Invasive Species: Regulatory Concerns and Achievements”, subtitled “New
Approaches for Prevention, Regulation and Assessment of Invasive Species”,
was held in Washington, DC. The symposium, which was sponsored by the
Agrochemical Division of the American Chemical Society (ACS), was organized
by Anne Leslie (Environmental Protection Agency) and Randy Westbrooks (U.S.
Geological Survey).

An ACS meeting in our nation’s capital offered the opportunity of bringing
together representatives of governmental and private organizations that have been

xi
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working to control the spread of exotic invasive plant and animal species in the
United States for many years. Although the problem has been recognized for quite
some time, it has been lacking an adequate legislative mandate, public awareness,
and sufficient funding to meet the challenge. The organizers felt that a dialog at
this meeting could result in a publication that would showcase the many diverse
efforts being made, especially in dealing with a problem that does not recognize
arbitrary geopolitical boundaries. It also would recognize the global extent of the
problem and compare the methods used in other countries with those of the U.S.
This book is essentially a progress report on some of these efforts at the federal,
state, and local levels, with recommendations of what still needs to be done.

The first chapter of the book provides an overview of the environmental
challenges involved in meeting industry, agriculture and consumer demands for
acquisition of useful plant material from around the world while preventing the
introduction of species that have unwanted side effects on the environment. Two
important keys for solving these problems include effective methods for screening
proposed plant introductions, as well as ranking established weeds for action.

Chapter 2 provides an overview of that first key: pre-border and border weed
risk assessment approaches for screening proposed plant introductions. This
includes prohibited listing (traditional) as well as permitted listing approaches.
Chapter 3 provides an overview of the second key: a post-border weed ranking
system that was developed by NatureServe.

Chapters 4 and 5 provide an overview of current weed regulatory issues.
Chapter four outlines environmental requirements for federal weed management
programs under the National Environmental Protection Act (NEPA). Chapter five
introduces a new model for aquatic weed herbicide registration.

Chapters 6, 7, 8, 9, and 10 give examples of invasive plant management
on public and private lands in various areas of the country. This includes an
overview of the USDA-Carolinas Witchweed Eradication Program, as well as
invasive plant management on public lands (National Fish and Wildlife Refuges,
National Forests, and Bureau of Land Management lands), and along the nation’s
highways (Federal Highway Administration).

Chapters 11, 12, 13, 14, 15, 16, and 17 highlight public-private partnerships
and the methods they use to deal with area-specific species. This includes
an introduction to the Federal Interagency Committee for the Management
of Noxious and Exotic Weeds (FICMNEW), the Center for Invasive Plant
Management at Montana State University, the Invasive Plant Atlas of New
England, the Beach Vitex Task Force in the Southeast, the South Fork
Weed Management Area in Wyoming, and the Southern Arizona Buffelgrass
Coordination Center in Tucson, Arizona.

Chapters 18, 19, and 20 provide an indepth look at the various chemical,
mechanical, cultural, and biological methods that are employed to control invasive
plants.

Chapter 21 provides an overview of the ‘lag phase’ – a perplexing problem
that prevents us from knowing how invasive a new species in a new region (without
a history of invasiveness) will become – sometimes for decades.

The approaches and strategies outlined in this book show that much progress
has been made in the effort to prevent the introduction and spread of non-native

xii
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invasive plants in the United States of America. But our work is just beginning.
According plant geographer John Kartesz (Chapel Hill, North Carolina), over
4,200 species of invasive plants have established free living populations outside
of cultivation in the United States and Canada. However, this is just 15% of the
28,000+ invasive plants that have been documented by world weed geographer
Rod Randall (Perth, Western Australia). This is why we need to be extremely
careful in introducing all those new and ‘wonderful’ plants from around the
world.

October, 2011

Anne R. Leslie

U.S. Environmental Protection Agency
Washington, DC (Retired)

Randy G. Westbrooks

U.S. Geological Survey
National Wetlands Research Center
Whiteville, North Carolina
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Dedication

This book is dedicated to the memory of Anne R. Leslie.
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Editors’ Biographies

Anne R. Leslie

Anne R. Leslie was a chemist with a special interest in invasive species. Anne
received a B.S. degree in chemistry from Arizona State University in 1953 and an
M.S. degree in chemistry from McGill University in Montreal, Canada in 1980.
She also pursued additional graduate studies at the University of Utah. After
joining the U.S. Environmental Protection Agency (EPA) in 1980, Anne worked
as a pesticide alternatives specialist in the Office of Pesticides in Washington, DC.
She also served as the EPA representative to the Federal Interagency Committee
for the Management of Noxious and Exotic Weeds (FICMNEW). In the early
1990s, Anne edited a book entitled “Handbook for Integrated Pest Management
for Turf and Ornamentals” that was published by the CRC Press in 1994. Since
her retirement from the EPA in 1996, Anne continued to be active with invasive
species issues. In 2005, she organized and co-hosted the ACS National Invasive
Plant Management Symposium that led to the publication of this book.

Randy G. Westbrooks

Randy G. Westbrooks is a Federal Invasive Species Prevention Specialist
with the U.S. Geological Suvey (USGS), National Wetlands Research Center,
based in Whiteville, North Carolina. He also serves as the USGS representative
to the Federal Interagency Committee for the Management of Noxious and Exotic
Weeds (FICMNEW). Prior to joining the USGS in 2000, Randy served as a Plant
Quarantine Officer at the Port of Charleston, SC (1979−1986), as an APHIS
Federal Weed Regulatory Specialist in Whiteville, NC (1986−1996), and as the
APHIS National Weed Program Coordinator from 1996−2000. Randy received
his B.S. and M.S. degrees in Biology from the University of South Carolina (1976
and 1978), and a Ph.D. in Botany and Weed Science from North Carolina State
University (1989). At the national and international levels, Dr. Westbrooks is
currently working with state and provincial interagency groups to develop new
capacity for early detection and rapid response to new invasive plants across
the United States and Canada. The overall goal is to detect and eradicate new
invasive plants before they become established and start to spread.

© 2011 American Chemical Society
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Chapter 1

Invasive Species Issues, Traditions, Consumer
Expectations, Current Understandings,

Competing Goals, and the Law

John Peter Thompson*

Invasive Species and Sustainability Services, 4400 Old Crain Highway,
Upper Marlboro, MD 20772
*E-mail: ipetrus@msn.com

Invasive species are everywhere, impacting all types of
ecosystems. They are changing the expected services and
resources which these systems supply. As weeds, they reduce
crop yields and reduce the aesthetic appeal of ornamental
plantings. The current federal definition of an invasive
species as ‘non-native’ reflects today’s focus on preserving or
conserving our quickly disappearing “natural” areas. However,
this definition with its emphasis on “native” assures a collision
with the historic mission of the ornamental nursery and
landscaping industries. Invasive species studies and concerns
trace their roots back through Westbrooks, Simberloff, and
Mack to Elton and Leopold - over a course of some 70 years.
However, horticulture in the U.S. goes back over 300 years
through Fairchild, Sargent, Olmstead and Bartram – all the way
back to the ancient Greek students of Aristotle, some 2,500
years ago. The mission of horticulture since colonial times has
been to discover new plants from around the world as useful
species for the gardens and fields of North America as well
as methods for successful cultivation. The history and social
needs related to the important ornamental plant species such as
English ivy have led to a better understanding of the positions
and choices of diverse stakeholders. A review of the art of
gardening and the science of horticulture from the time of Eden
through the Renaissance and Romantic Eras to the present
provides a framework for today’s invasive species issues

© 2011 American Chemical Society
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and discussions. The collision of desires and the unintended
consequences of our policies produce dynamic debates about
this controversial, emerging issue. The complex relationships
and interactions of invasive species within ecosystems have
led to predefined / desired outcomes and working definitions
that are unique to particular stakeholders. Invasive species
problems are non-linear. They are usually problems without a
single solution or end point, and do not have right and wrong
answers. However, doing nothing is clearly not an option.
Without the implementation of new and effective management
strategies, invasive species will continue to adversely impact
crop production as well as ecosystem resources and services.
Without being checked, itinerant species will continue to attack
our very quality of life, affecting human health and economics.

I. Introduction – Invasive Species in America – How Did We
Get Here?

Based on the biblical story of the Garden of Eden, the great enterprises of
agriculture and horticulture were set in motion when the serpent reached out to
Adam and Eve. Thus, buried deep in the psyche of western civilization is the
dynamic imperative to till the soil and create a garden – a pale reflection of a
lost paradise that never was. The exploration and colonization of North America
brought these ideas of cultivation to a new continent, and farmers began to use the
principles of gardening to bring culture to the vast wilderness. In those days, it was
touch and go and not at all certain that the early colonial experiments in horticulture
would succeed. In an effort to tame the land, immigrant farmers imported crops
that had served them well throughout history – as well as the pests those crops
often carry. By 1726, states in New England began to ban barberry, a timeless
herbal cure brought from Europe, and now found to be a host for wheat rust. The
Hessian fly “invaded” when the occupying British Army began to import wheat
to supply its troops around New York. By that time, some of the early introduced
species – species we now consider to be invasive, were firmly established, or as
colonial Americans would have said, naturalized, in the New World.

At the beginning of the American republic, horticulture was divided into three
camps. The first camp included public and private sponsored plant explorers
who searched the world over for new and useful species. The second camp of
horticultural pragmatists thought it more prudent to develop native species to
serve the economic needs of the new citizens – species that were already adapted
to the climate and soils of America. A third camp of ecological purists developed
that was committed to preservation of pre-European native species against the
growing asymmetrical onslaught of civilization.

By the end of the 19th century, horticulture had evolved into three new
groups. The first group includedwayward landscape architects that moved from
a primary concern about plants and ecology to a more formalized and engineered
system of design, the second group included land grant college researchers

2
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who were looking for a constituency to assist, and finally, with the coming of the
automobile and suburbia, the individual private gardener.

Throughout this early developmental stage of horticulture in the U.S.,
landscape designers looked fondly on the grand estates of Europe. Starting in the
Hudson River Valley, in the mid-1800s, they began to Americanize the English
Landscape Movement of the late 18th century. These grand visions that became
the foundation of the American urban park system, eventually became the model
for the post WW-II suburban “McMansion” landscape style. Unfortunately, the
newly-adopted horticultural species were often accompanied by the attendant
weeds, pests, and pathogens that had co-evolved with them. Once they landed in
America, it was only a matter of time before some of the invaders ‘jumped the
garden fence’ and started to over-run natural and managed ecosystems across the
‘fruited plain’.

Thus, the story of invasive species in America is as old as the republic itself,
and the issues surrounding it are still being reconciled. The burning of 2,000
nematode infected Japanese cherry trees on the Mall in Washington, DC (a gift
from the Mayor of Tokyo in 1909), and the interagency fights that ultimately
led to the establishment of the USDA Agriculture Research Service (1953) and
the Animal and Plant Health Inspection Service (1972), presaged the dynamic
positions of today’s invasive species stakeholders. Clearly, invasive species are
a side effect of mankind’s complex and changing relationship with the ecosystems
that provide the basic necessities of life (air, water, and soil).

II. The Creation of Biological Deserts in the Wet-Humid
Mid-Atlantic Region of the United States

Multiflora Rose (Rosa multiflora Thunb. ex Murr.) and English ivy (Hedera
helix L.) are just two of the Mid-Atlantic Region’s worst natural area invaders.
Invasive species such as these spread rapidly, uncontrolled by natural predators or
diseases, and thereby outcompete the local, native flora. The result is a reduction
of native plants and eventually companion animal species. Occasionally, these
plants can form “biological deserts” or monocultures. Unfortunately, the public
normally only sees these problems after large areas have become overwhelmed.
However, by that time, much of the damage has been done, and the cure is often
irreversible, not to mention unaffordable (Figure 1).

The pathways for introduction vary from direct human transportation and
cultivation to hidden hitch-hikers found in packing materials and ballast water.
The volume and speed of international trade, and the ease by which resources from
around the world travel, have significantly increased the movement of plant and
animal species from their native, self-regulating environments to new ecosystems
around the world – ecosystems that have few natural defenses against new invaders
that did not co-evolve with them. Ecosystems are often thrown out of balance
when mankind introduces new species that rapidly impact evolutionary pressures
that traditionally shaped the pre-industrial world (Figure 2).

3
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Figure 1. Multiflora Rose in Maryland. Image by Larry Hurley, Bethesda,
Maryland.

Figure 2. English ivy in suburban Maryland. Image by Larry Hurley, Bethesda,
Maryland.

The complexity of the invasive species issue requires a basic grasp of
history, geography, botany, biology, ecology, meteorology, agronomy, agriculture,
horticulture, architecture, art, politics, economics, and law. Is it any wonder
that we are talking past each other without much effect? Retired USDA Weed
Scientist Bob Eplee calls this ‘20-20 tunnel vision’. We see perfectly everything
that is within our field of vision, but often choose to ignore or outright reject
other points of view. ‘Invasive’, ‘alien’, and ‘exotic’, which are words that may
be heard with pejorative meanings, often only serve to complicate the public
discourse. Current political debates around the issue further color subliminal
interpretations. End goals and agendas continually lead to conflict. Espousing the
use of natives only, as opposed to protection of free markets property rights are
but a few intersections of contention.

4
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A. Traditional Gardens – What We Want

Inverewe Garden (Figure 3), Edinburgh, Scotland (Figure 4), Wellesley
College inMassachusetts (Figure 5), andWindsor Palace (Figure 6) and Stourhead
Estate (Figure 7) in England are powerful, seductive examples of a great garden
type that provide a brief sample of gardening design and desire. The juxtaposing
of form, texture and color are also primary features of a modern American garden.
Because of the ease of travel, and of low transportation costs, any type of plant
may be secured to fill a specific design challenge or fancy.

The European Age of Exploration brought an explosion of interest in plant
types which went far beyond basic medicinal, food or commercial needs. Plant
collecting and speculative acquisition projects fueled western passions for new
and interesting plants.

Figure 3. Inverewe Garden, Scotland. Image by Larry Hurley, Bethesda,
Maryland.

Figure 4. Floral Clock, Edinburgh, Scotland. Image by Larry Hurley, Bethesda,
Maryland.
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One effect of such consumerism today is the need to buy the newest or latest
of a type. This consumer drive is found in commodities such as new cars and
extends into the fashion industry of which gardening is a subset. The passion of
veteran gardeners to have the latest varieties of introduced plants no doubt helps
to fuel the invasive species problem.

Historic western agricultural and horticultural concepts are incorporated in
present garden traditions. Western gardening practices stretching over 1,000
years are deeply imbedded in the public perception of beauty, and therefore,
“correctness” of design.

B. Nature as Art

Horticultural and landscape needs select species for the ability to acclimate
to multiple environments (hardiness), for ease of reproduction (cost), and for
acceptance of growth patterns influenced by human interventions. Interesting
species which do not adapt readily to variances in humidity, temperature, and soil
types do not become landscape standards. They are relegated to the niche market
of garden collectors and enthusiasts (Figure 5).

Figure 5. Nature as Art – Wellesley College, Massachusetts. Image by Larry
Hurley, Bethesda, Maryland.

The urge to find the newest or acquire the latest market offering is one of many
pathways for the introduction of invasive species. The market for new species
starts the process of observation, trial, culling and selection. The widespread
importation of plant species has led to the unintended consequences of disease
and animal introductions.
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C. Public and Private Spaces – Statements of Power

Gardens have always been used to signal authority and power. Landscapes
send strong messages about authority and domination. A message of control is
imparted from grand landscape presentations; those who control nature can also
control you. The ability to alter and re-form nature conveys a powerful message
to the beholders.

Figure 6. Windsor Castle, England. Image by Larry Hurley, Bethesda, Maryland.

Well-tended and manicured edges are methods of control and require the
cooperation of specially selected compliant, usually very easy-to-propagate
species. Therefore, it should come as no surprise that many horticultural selections
are potentially invasive. They can thrive under conditions that ‘weed’ out most
other species, and in doing so outcompete some native species. Otherwise, they
would not be used on the landscape to begin with (Figure 6).

D. Landscape Reflections

Natural landscapes, which from a distance seem to limit diversity, actually
impart a sense of serenity, peace, and tranquility. Since too much clutter creates a
disturbing image, landscape prescriptions tend to include a limited species palette.
The need for security is most likely hard-wired into mankind, thus mandating
a clear area around an entrance by reducing the species palette to an absolute
minimum. Monocultural lawns of grass are an example of a security solution that
addresses crime, health and fire, which in turn tends to impart feelings of serenity,
security, and success (Figure 7).
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Figure 7. Landscape reflections , Stourhead Estate, England. Image by Larry
Hurley, Bethesda, Maryland.

E. Public Desires – Grand Traditions – Mass Produced

Present landscape solutions address the public’s need for security and
accepted current standards of beauty by reducing species diversity, and by
controlling plant growth through cultivar selection. As a result, the species
palette often includes plants that are chosen for hardiness (cold, heat, humid
conditions), ease of reproduction (speed, success rate, cost), large growing range,
and botanical competitiveness. These same criteria are hallmarks of invasive
species (Figure 8).

Figure 8. ‘Cookie cutter’ landscape design in suburban Maryland. Image by
Larry Hurley, Bethesda, Maryland.

Unfortunately, the public right and desire to plant in a personally satisfying
manner such as this often collides with the need to protect diverse, self-sustaining
ecosystems which filter water and clean air and protect biological diversity.
These short term attitudes and tastes also sometimes conflict with the long term
responsibility of local, state, and federal governments to enforce standards to
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maintain property values and public safety, and to protect biodiversity. Further
complicating the invasive species discussion are property rights issues such as
zoning, which are often narrow in scope, and based on current misunderstandings
and misperceptions.

In addition there is an intuitive presumption that planting ‘native’ is the
answer to all or most horticultural challenges. The definition of ‘native’ and
its problems notwithstanding, going ‘native’ does not in all cases reduce care
and maintenance, guarantee survival, or ensure short term availability and cost
benefits to the gardening public.

F. Garden Staples – Use, Escape, Destruction

It is a plain fact that invasive plant species often fulfill near term landscape
goals for cost, adaptability and maintenance. However, the use of the species that
can ‘jump the garden gate’ can lead to the creation of monocultures that drive
out native plants and animals in natural ecosystems. Furthermore, monocultures
provide few or no resources for the other components of the impacted natural
ecosystems. It is not just the native plants that are impacted. Their demise leads
to a cascade of negative impacts on native arthropods and animals that co-evolved
with them. Oftentimes, the resulting imbalance can only be corrected by removing
(eradicating) the invader from the system (Figure 9).

Figure 9. Garden Staples – Use, Escape, Destruction. English ivy planted in a
sloped yard in Sacramento, California. Image by J.P. Thompson.

III. Urban/Suburban Designs – Government Helps

The unintended impacts to eastern woodlands by the horticultural introduction
of the Bradford pear (Pyrus calleryana Decne.) have been substantial.
Unsuspecting residents of Mid-Atlantic Region urban areas are entranced by the
now common early spring appearance along our roadsides of the white-flowered
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beauty that most consider natural. The hybrid offspring of Bradford pears fill
already disturbed former farmland which is in the process of returning to some
level of a “natural” state, though probably not a self replicating ecosystem, given
the limited area and biological diversity (Figure 10).

Figure 10. Bradford pear street planting in suburban Maryland. Image by Larry
Hurley, Bethesda, Maryland.

It is unfortunate that it took decades of experience with the Bradford pear
in urban garden settings to convince the horticultural industry and the gardening
public that this is a “bad” garden plant which fails to live up to current minimal
expectations as an ornamental specimen of choice. Sadly, the short-lived nature
of the Bradford pear combined with a proclivity to self destruct in wind and ice
storms was only recognized after it had been planted widely and started to establish
free living populations outside of cultivation (Figure 11).

Figure 11. Bradford pear. Rich Mason, U-GA, Bugwood Image Gallery. URL:
http://www.invasive.org/browse/detail.cfm?imgnum=1237069
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One function of agricultural research agencies is to identify and develop new
varieties of plants that meet specific needs such as erosion control and landscape
maintenance. Most of the species that have been introduced and promoted by
such agencies continue to serve as they were intended without causing any real
problems (e.g., wheat, rice, and corn). However, a few of these intentionally
introduced species have clearly gone awry – e.g., Bradford pear (urban yard
and street tree), kudzu [Pueraria montana Lour. (Merr.)] (intended for erosion
control), and crownvetch [Securigera varia (L.) Lassen] (transportation right of
way visibility and maintenance reduction), to name a few (Figure 12).

Figure 12. Free living populations of Bradford pear. James Miller,
U-GA, Bugwood Image Gallery. URL: http://www.invasive.org/browse/

detail.cfm?imgnum=1539090

Such agencies should also be quick to recognize when a previously
recommended species turns ‘bad’, and take steps to discourage its further use. A
once favored species whose time has come and gone is Sawtooth oak (Quercus
acutissima Carruthers) (Figure 13). Sawtooth oak is a Chinese species that was
first introduced into the U.S. in 1862 as an ornamental yard and street tree.
However, over the past 50 years, it has been widely recommended and planted
in wildlife food plots across the eastern U.S. This is because of its short time
to maturity (fruit production in five years as opposed to 15-20 years for native
oaks), and its massive crop of acorns compared to native species. However, the
low nutrition of the acorns, and the blanket of seedlings it produces that crowds
out other plants suggest that it would be better to wait 10-15 years for native
oaks to produce acorns rather than reap the short term benefits of this introduced
species now. Due to the lag effect that is described later in this book, we will
not know the end of the Sawtooth oak story for decades. However, given what
we are seeing from Alabama to Maryland, it seems clear that now is the time for
landscapers, wildlife biologists, and foresters to strongly discourage the use of
this new invader – not in another 50 years when the Sawtooth oak story is written
and it is too late to remove it from the landscape of America.
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Figure 13. Sawtooth Oak. U-GA, Bugwood Image Gallery. URL:
http://www.invasive.org/browse/detail.cfm?imgnum=1237069

A. Outdated Property Zoning and Land Use Ordinances

Local zoning or land-use ordinances sometimes prescribe plant species
choices and site specific horticultural solutions in great detail. However,
commercial property landscape buffers are often mandated from lists that may
be many decades old. These lists sometimes contain long-used species that are
now considered to be invasive. Developers and builders who retain engineers,
architects, lawyers and accountants, always look for cost savings. These savings
are not likely to be found by fighting a local government’s plant list. So, the
private interest normally selects approved plants that are readily available and
chooses the easiest plants to obtain, which are usually the cheapest ones on the
list (Figure 14).

In the mid-Atlantic Region, this list often contains species such Norway
maple (Acer platanoides L.), Japanese barberry (Berberis thunbergii DC.),
burning bush [Euonymus alatus (Thunb.)], and English ivy (Hedera helix L.) –
all widely regarded as invasive. Unless such lists are updated regularly, many
growers will happily provide these plants to developers.
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Figure 14. Outdated Property Zoning and Land Use Ordinances in Beltsville,
Maryland. Image by J.P. Thompson.

B. The Challenge of Invasive Species to Local, State, and Federal
Government

The roles and responsibilities of county, state, and federal governments
relative to invasive species create a tension in the market place and pose a
challenge to natural area land managers. A number of invasive species laws and
strategic management plans are in place at the federal level. At the national level,
the U.S. Department of Agriculture is responsible for preventing the introduction
and interstate movement of regulated plant pests, diseases, and weeds (Figure 15).

Figure 15. Literature on Invasive Species. Image by Larry Hurley, Bethesda,
Maryland.

At the state level, agencies are responsible for implementing a variety of
agricultural, natural area, and aquatic weed laws. In addition, they constantly
grapple with environmental and recreational needs. Local governments that tend
to deal with immediate needs are constrained by limitations on their authority,
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by limited funding for invasive species management, and by direct constituent
demands. In serving their constituencies, the crop protection agencies are often
required to take actions that appear to conflict with the goals and objectives of
natural resource protection agencies such as state natural resource protection
agencies. Fortunately, State Invasive Species Councils are now being established
around the country to help mediate these thorny issues and coordinate interagency
approaches for managing both agricultural pests and invasive species that threaten
natural areas.

IV. Removal of Invasives – A Win-Win for Short Term Land
Use and Long Term Environmental Repair

Creative use of confusion among government agency’s regulations enables
unexpected or unintended consequences that can satisfy the desires of the invasive
species issue community and private interest needs. The desire of one local
government agency to establish forest buffers to hide commercial development
(albeit only 40 foot wide) provides the opportunity to the property owner to note
the high density of under-story invasive species and the desire of a second agency
to control them. Thus, the cross purposes of short term land use and long term
environmental repair can result in a win-win for both sides. The removal of the
invasive species from this site ensured that the business was visible to passing
customers. On the other hand, the retention of native trees provided a natural
woodland setting that softened the edge between the hard commercial building
and the passers-by (Figure 16).

Figure 16. Removal of invasive plants around native trees in front of commercial
building. Image by J.P. Thompson.

A. Rescuing Endangered Species – An Ecological Conundrum

Currently, a renowned national company in the United States famous for its
depiction and stories of the Earth is selling a small tree from Australia called the
Wollemi pine (Wollemi nobilis W. Jones, K. Hill & J. Allen) (Figure 17). This
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endangered species was thought to be extinct until it was discovered in a remote
valley in New South Wales, in southeastern Australia, several years ago (1). But
now through the wonder of modern tissue culturing techniques, the plant is being
cloned and produced for sale (2). The original stand is protected from extinction
and the question now becomes one of ethics. Is it ethically permissible to propagate
endangered species and move them around the world to assure their survival?
Should mankind encourage the propagation and movement of such plants? Who
gets to decide which species can move and which are confined to their “native”
area? Clearly, mankind is serving as the judge and jury in the homogenization of
the planet’s flora and fauna. These questions are not easily answered by a federal/
state system that was established to promote and protect agricultural production.

Figure 17. Wollemi Pine. URL: http://www.biolib.cz/en/taxonimage/id42378/

The issues of invasive species will be the challenge of rapidly changing
weather patterns and the problems of assisted migration of endangered species.
The Wollemi pine story is but an example of the complex web in stakeholders
who shift in and out of the invasive species conversation. In the near future, we
will be confronted with the spectacle of one group moving an endangered species
to save it with the possibility that in its new home it might be deemed invasive.
In some states today, there is a movement towards lists of banned plants that are
deemed disruptive and destructive to existing ecosystems. The principle idea is
to protect existing natural areas from non-native species. An unasked question
is what exactly is native at 600 ppm CO2? As we struggle to preserve the last
remaining areas of our fragmented Edens, we are constraining the conversation to
a short snapshot of time in the immediate past.

Horticulture’s function is to identify the particulars of the relationships and
interconnections of living things to the physical world. Armed with a name,
events and experiences can be tracked through time. The seedling of a garden
invader is detected at an early stage and the ultimate harvest increased by a rapid
response called weeding. To plant necessarily implies a positive labor while to
weed involves a necessary evil. The plant is good; the weed is bad, and an eternal
struggle is firmly established in practice and in memory.
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Through constant attention and continuous selection, the gardener chooses
which species will be permitted to flourish inside the wall. Eden is re-created one
plant at a time, and through endless work and the knowledge of horticulturalists,
additional species are introduced - each with its own identifiable function within
the garden complex. Unsolicited additions or arrivals of any species from outside
are prevented. The ultimate goal is control of the world immediately around us
by careful, learned selection, and the tool used is the accumulated knowledge of
horticulture. The natural world is in a perceived state of degeneracy, of vagueness
and of uncertainty that may be tapped or exploited to enhance the productivity
of the garden through the applied science of horticulture. The daydreams of a
time gone by are colored by the works of great men who found new uses and new
skills to manage the land. There is for many a “romantic” view of the past in
which nature is a harmless-other to which one only needs to apply intellect and
determination to compel the secrets of a good profitable harvest. Through careful
cultivation, a landscape generates culture. Through cultivation a group of people
can begin to feed themselves predictably, and have the time to create works of
art and memories of glory. With time’s gift of the science of horticulture comes
education and knowledge that can touch the stars.

A landscape, if not tended continuously, will revert to a wild, undifferentiated
state. The wilderness for settled humans who have moved from hunting and
gathering to a more sedentary life style is undifferentiated for there are not
enough direct, tangible yields for the larger number of individuals; there are only
haphazard chance encounters with useable resources. From inside a managed
landscape, the outside is a blur of unregulated potential uses, but without clarity
or definition. Horticulture teaches mankind how to select and transfer productive
species from the wild into a controlled state of cultivation and in doing so to raise
the level of culture through the increased harvest which then can support greater
numbers of people.

Horticulture addresses the problem of a landscape that once disturbed does
not revert to an idyllic pastoral scene. Rather, it almost immediately becomes an
assemblage of competing species - each trying to take advantage of the absence of
the complicated webs of biological and physical interdependencies. Natural areas
that are chronically disturbed through human actions do not revert to a pristine
state but over time devolve into an unbalanced state of being. The choice of species
through intentional introduction or systematic weeding is within the historic realm
of horticulture. Invasive plant species are the weeds of great and grand gardens
which we call natural areas but which nevertheless need our care, cultivation and
attention. In the end, we are all gardeners one way or another - as individuals, or
as land managers on the public and private lands of America herein described.

IV. Summary

The opportunity costs that invasive species cause have not yet been calculated.
David Pimentel and associates (2005) (3) estimated that losses and control costs
associated with invasive species were currently about $120 billion per year in
2004. That same year, U.S. Census information placed a value on the U.S. nursery
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and landscape industry of about $140 billion per year. Beyond the immensity of
such financial considerations is the novel speed of co-evolutionary pressures on
native, natural ecological systems around the world. The complexities of invasive
species are biologically and physically connected to climate, and the speed of
change of each one is acting upon the other. Unlike early agricultural interests that
sought to tame nature for the benefit of human society, we are now in a protracted
battle, not against nature, but to save nature from being reduced to gardens that
have to be continually managed by people. Clearly, the majority of exotic species
cannot, and will not escape and replace native species, or change ecosystem
characteristics (e.g., soil pH) and thus pave the way for other invaders. But some
of them will. Ultimately, if left unchecked, the continued homogenization of
the world’s bio-geographical realms will result in a massive reduction in species
diversity. Where we once rushed to fell a forest, to level a mountain, or to fill a
bog, now we must speed to protect the last vestiges of natural resources.

How will we reconcile the competing interests of remaking nature to suit
our immediate needs against the long term interdependency of mankind with
nature’s ecosystem services? And facing paralysis by analysis, what should we
be doing today? Some stakeholders would ban all ornamental imports, which
would be expensive and likely ineffective based upon cost and resource needs.
However, gardening and horticulture can provide answers through tried and true
integrated pest management strategies starting with the management strategy of
early detection and rapid response. While preventing an introduction provides
a zero possibility of invasion and doing nothing assures us of losses too large to
control, early detection and rapid response is a cost-effective middle ground that
permits continued introduction of exotic plants but ‘takes out’ new species that
go awry before they become established and start to spread. The recent effort to
eradicate Beach vitex (Vitex rotundifolia L. f.) along the Atlantic coast from the
Carolina’s to Virginia is a good example.

In the future, invasive species issues will grow larger andmore complicated as
climate change and international trade both increase. Without the implementation
of new and effective management strategies, invasive species will continue to
adversely impact crop production as well as ecosystem resources and services.
Without being checked, some of these itinerant species will attack our very quality
of life, affecting human health and economics. As any home owner knows, a
garden untended does not revert immediately to a natural state, but degrades to a
useless weed patch that has to be managed to be productive again. The reality is
that most of our ‘natural areas’ are not really natural any more – simply erecting
a fence around a new ‘preserve’ will not halt the invaders. Like gardens, such
high value natural areas have to be managed to ensure long term productivity –
returning to a pristine, self sustaining state is not an option. For the sake of nature
and for future generations of people, it behooves us to find common ground on
these different world views of the invasive species problem. Either way, as the
stewards of the planet, or as masters of the green revolution, the problem is ours
to solve or to ignore.
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Chapter 2

Overview of Prohibited and Permitted Plant
Regulatory Listing Systems

Randy G. Westbrooks*,1 and Alan V. Tasker2

1U.S. Geological Survey, National Wetlands Research Center,
Whiteville, North Carolina 28472

2U.S. Department of Agriculture, Animal and Plant Health
Inspection Service (APHIS), Plant Protection and Quarantine (PPQ),

Riverdale, MD 20737
*E-mail: rwestbrooks@intrstar.net

Pest risk analysis is a process that evaluates the risks involved
with a proposed species to help determine whether it should
be permitted or denied entry into a country, and how the risks
could be managed if it is imported. The prohibited listing
approach was developed in the late 1800s and early 1900s
in response to outbreaks of plant and animals pests such as
foot and mouth disease of livestock, Mediterranean fruitfly
(Ceratitis capitata Wiedemann), and Gypsy moth (Lymantria
dispar L.). Under this approach, selected species of concern
are evaluated to determine if they should be regulated for entry.
Under the permitted listing approach that was first used on
a national level in Australia in the 1990s, all species that are
proposed for introduction are assessed to determine if they
should be regulated.

I. Introduction

A nation’s biosecurity (protection of managed and natural biological
resources) depends on three management strategies for invasive species (IVS).
These include preventing new introductions, early detection and rapid response
to new introductions within the country, and long term suppression and control of
established and widespread invaders. A major challenge in this overall effort is
deciding what exotic species to target for exclusion and early mitigation. Often,

This chapter not subject to U.S. Copyright. Published 2011 by the American
Chemical Society
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this is further complicated by the fact that most species have a range of traits that
make them either desirable (e.g., good for erosion control), or undesirable (e.g.,
very invasive in some habitats), or sometimes both, depending on your point of
view.

Kudzu [Pueraria montana (Lour.) Merr.], a vine from Asia, is a good
example. Kudzu was first introduced from Japan to the United States at the
Philadelphia Centennial Celebration in 1876 as an ornamental porch vine. In the
early 1900s, it was widely planted across the southern states for erosion control.
As a result, it now infests over 2 million acres from Texas to New York, and costs
$500+ million to control (1). There was apparently little thought about other
impacts kudzu might have when it was planted so widely in the southern United
States (Figure 1).

Figure 1. Kudzu. Kerry Britton, U-GA, Bugwood Image Gallery.

Fortunately, kudzu is more an exception than a rule. Only a small percentage
of past introductions (like kudzu) have had very negative ecological and/or
economic impacts. In considering all plant and animal taxa, the Williamson
Invasive Alien Species (IAS) Rule of Tens (Figure 2) estimates that about one
out of 1,000 introduced species (1/10th of 1%) will become a pest:

- One of 10 introduced species becomes casually established outside of
cultivation (i.e., must be continually reintroduced).

- One of 10 casuals become naturalized (establishes a free living
population).

- One of 10 naturalized aliens becomes a pest (2)(3)(4).

It is clear from these estimates that the vast majority of introduced species
are either beneficial and don’t escape from cultivation, or do escape and have no
obvious (or measurable) impact on the environment in the short term (5). Since,
however, some introduced species do ultimately cause serious ecological and/or
economic harm, it is only prudent to take steps to identify them before they are
introduced and spread around. Once an introduced species becomes widespread
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in trade and cultivation, eradication of free living populations is very difficult, if
not impossible. Therefore, it is very important to scrutinize them before they are
introduced – which is the ultimate goal of pest risk analysis.

Figure 2. Williamson’s Invasive Alien Species Rule of Tens.

II. Pest Risk Analysis

Pest risk analysis is a process that weighs the risks involved with a proposed
species and identifies options to address incipient infestations and to prevent
spread. Guidelines for Pest Risk Analysis have been developed under the
International Plant Protection Convention (6). The IPPC is an international treaty
relating to plant health to which 173 countries are contracting parties. Programs
under the Convention are conducted by the Commission on Phytosanitary
Measures.

Pest risk analysis is conducted in three stages:

Stage 1: Pest Risk Analysis Initiated – Potential invasive species and/or
pathways are identified.

Stage 2: Pest Risk Assessment Conducted - A Pest Risk Assessment
(PRA) is conducted (to determine which pests are of quarantine significance,
characterized in terms of likelihood of entry, establishment, spread, and economic
consequences).

Stage 3: Pest Risk Management Plan Developed - Pest Risk Management
Options are identified and evaluated for efficacy, feasibility, and impacts.

All countries that are contracting parties to the IPPC, including the United
States, have agreed (to the best of their abilities) to follow these standards.
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III. Overview of the Prohibited and Permitted Listing
Approaches

Currently, there are two approaches for official listing of invasive species.
This includes the prohibited listing approach, and the permitted listing
approach. Both approaches use pest risk analysis and ultimately provide a clear
rationale for deciding whether or not to regulate the introduction of designated
species. Their effectiveness depends on the overall objective – exclusion of high
profile crop pests, and/or exclusion of invasive species that negatively impact
natural and/or other managed ecosystems and resources. Ultimately, both systems
include an officially prohibited list of quarantine pests that is authorized under
a country’s plant and animal quarantine laws as implemented by the country’s
regulations.

A. The Prohibited Listing Approach for Agricultural Pests

The largest part of the crop protection system in the United States and
a number of other countries is based on a prohibited listing approach – i.e.,
prohibited species are officially listed under certain regulations; species not
otherwise listed may be freely imported unless they are found to harbor other
prohibited plant and animal pests (e.g., insects and diseases). [An exception to
this is Quarantine-56 (edible commodities) which always has required explicit
assessment of risk for each taxa.] The prohibited listing approach was developed
in the early 1900s in response to outbreaks of plant and animals pests such as
foot and mouth disease of livestock, Mediterranean fruitfly and gypsy moth. The
current system includes programs that form two lines of defense against invasion
through:

1. Exclusion of Officially Listed Species:

a. Production and certification of pest free commodities in
exporting countries as a condition of entry (e.g, disease free
meat).

b. Preclearance at ports of export to expedite border clearance at
ports of entry.

c. Inspection and clearance at ports of entry.

2. Detection, Containment, and Eradication of Incipient Infestations:

a. Detection and delimiting surveys of high risk natural and
managed ecosystems.

b. Containment and eradication of incipient infestations.

On the surface, it would seem that this kind of system would provide
protection against all types of invasive species. However, in reality, such systems
were designed to facilitate trade by protecting agriculture from invasion by
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selected high profile plant and animal pests and diseases. Everyone will agree
on the importance to officially list (and thus regulate species that pose a threat
to agricultural production systems and clearly have no potential economic value
(e.g., a plant disease). However, sometimes there is resistance to official listing
and prohibition of a new species that may have some clear or perceived economic
benefit – regardless of its potential to invade natural and managed ecosystems.
Unfortunately, these include a number of species that cause the most damage
in natural ecosystems, e.g., Nile perch (Lates niloticus L.), Nutria (Myocaster
coypusMolina), Water hyacinth [Eichhornia crassipes (Mart. Solms)], and etc.

Case Study: The USDA Animal and Plant Health Inspection Service (APHIS)
Federal Noxious Weed List

The Federal Noxious Weed Act was passed by the U.S. Congress in 1974 and
signed by President Gerald Ford in 1975. Under this law, which was superseded
by the Federal Plant Protection Act of 2000 (PPA), a noxious weed is defined as:

“……… any plant or plant product that can directly or indirectly injure
or cause damage to crops (including nursery stock or plant products),
livestock, poultry, or other interests of agriculture, irrigation, navigation,
the natural resources of the United States, the public health, or the
environment (7)”.

In general, the law provides authority for the USDA to prohibit the entry
of listed taxa into the United States, or prohibit movement across state lines.
In addition, it provides authority to cooperate with state and local agencies to
eradicate new infestations of listed or proposed taxa. USDA APHIS follows the
traditional prohibited listing approach for adopting new Federal Noxious Weeds –
i.e., it only regulates the entry of listed taxa. Currently about 100 taxa of invasive
plants are officially listed as Federal Noxious Weeds under the Plant Protection
Act (8).

There are five steps involved with listing a Federal Noxious Weed.

1. Identify a weed that may meet the definition of a quarantine pest.
2. Prepare a weed risk assessment.
3. Publish a proposed rule in the U.S. Federal Register.
4. Analyze and respond to public comments.
5. Publish a final rule in the Federal Register (9).

Over the past 15 years, in deciding which species to list as Federal Noxious
Weeds, APHIS has used a Weed Risk Assessment (WRA) process which asks a
petitioner to provide certain kinds of information about a plant that is proposed for
listing. This includes life history, habitat, native and world distribution, quarantine
pest status, establishment potential in the U.S., potential economic impacts, and
potential environmental impacts.

23

  P
ub

lic
at

io
n 

D
at

e 
(W

eb
):

 S
ep

te
m

be
r 

15
, 2

01
1 

| d
oi

: 1
0.

10
21

/b
k-

20
11

-1
07

3.
ch

00
2

In Invasive Plant Management Issues and Challenges in the United States: 2011 Overview; Westbrooks, R., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 2011. 



A critical element that is addressed in the APHIS WRA process is a
determination of the quarantine pest status of the proposed plant. Under the
International Plant Protection Convention (IPPC), a quarantine significant pest is
one having “potential economic importance to the area endangered thereby and
not yet present there, or present but not widely distributed and being officially
controlled”. If the species is present in the U.S. and has reached the limits of
its ecological range (generally no more than three states), then the species does
not satisfy the definition of a quarantine significant pest and the WRA may stop.
If there is a question about the potential ecological range of a newly introduced
species, ecological modeling is often used to answer this question.

If the proposed species has limited distribution but is not subject to official
control (control by state plant regulatory agencies or other official groups), or is
lacking support for local or state control, then the pest does not satisfy the definition
of quarantine pest and the WRA may stop. This approach ensures there will be
local and state support for addressing outbreaks of officially listed species. It also
minimizes listing of new species of limited distribution unless there is clear state
and local support for controlling them. The federal government rarely addresses a
new invader without the full support and involvement of local and state officials.

In general, prohibited listing systems are very comprehensive in their scope
and effect in regulating target species. The main problem is that they only provide
protection against a very small set of widely recognized invasive species. At
the federal level, there is generally no phytosanitary protection against other
non-listed species. In order for a nation to effectively protect its natural and
cultural resources, as well as food and fiber production capacity, new approaches
are needed for preventing the introduction, establishment, and spread of all types
of invasive species. The permitted listing approach that is being used in Australia
and New Zealand is one such approach.

B. The Permitted Listing Approach for Invasive Alien Species

In pre-modern days, with comparatively low levels and much slower speed of
global trade and travel, there were far fewer pathways and vectors for spread of
invasive species around the world. Under this scenario, a prohibited list approach
that focused on exclusion of high priority crop pests such as gypsy moth and foot
and mouth disease, was effective and, in fact, logical. However, in recent decades,
greatly increased global trade and travel speeds, has created many new pathways
and vectors for the spread of all types of plants and animals, and has reduced the
effectiveness of the prohibited listing approach as a first line of defense against
foreign invaders. Traditionally, it has taken months to years to officially list a
new species. Currently, APHIS is addressing the problem by using Federal Orders
− where justified − to speed up the listing process. Designing a flexible listing
system may help border clearance agencies act more quickly against the increased
number of invasive species they are likely to encounter in this new age of trans-
globalization.

In principle and effect the permitted listing approach is very similar to the
prohibited listing approach. It assesses a species proposed for importation to
determine its potential invasiveness, its quarantine status, and its distribution

24

  P
ub

lic
at

io
n 

D
at

e 
(W

eb
):

 S
ep

te
m

be
r 

15
, 2

01
1 

| d
oi

: 1
0.

10
21

/b
k-

20
11

-1
07

3.
ch

00
2

In Invasive Plant Management Issues and Challenges in the United States: 2011 Overview; Westbrooks, R., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 2011. 



within the country. The main distinction between the two approaches is that
the prohibited listing approach evaluates only selected species of concern to
determine if they should be regulated. Under the permitted listing approach,
all species that are proposed for introduction are supposed to be evaluated to
determine if they should be regulated.

Case Study: The Australian Weed Risk Assessment System

Like most plant risk assessment systems, the Australian Weed Risk
Assessment System (AWRA) uses a scoring system to rank various characteristics
of a plant for invasiveness. The AWRA, which was initially developed for the
Australian Quarantine Inspection Service by Dr. Paul Pheloung in the mid-1990s,
asks the petitioner to provide the same kinds of information that are required under
the APHIS Weed Risk Assessment Process. This includes 49 questions about the
proposed plant, including history of cultivation, climate and distribution, history
of invasiveness, weediness traits, plant type, reproductive potential, dispersal
mechanisms, and traits of persistence (10).

Under IPPC rules, if a proposed plant is already widespread, it will not
meet the definition of a quarantine pest, and will be automatically placed on
the permitted list – regardless of the score it receives under the AWRA (unless
it is regulated under other quarantine regulations). However, if the plant does
not occur in the country, or is of limited distribution (a small percentage of the
potential ecological range within the country), the assessment proceeds and a
cumulative score is tallied to determine next steps.

The AWRA compares the total score for a proposed species to certain critical
values to determine whether the species should be permitted or prohibited entry.
The threshold values were developed by assessing over 370 species of plants
– from severe agricultural and environmental weeds, to benign and beneficial
plants. Under the Australian permitted list approach, all species that are proposed
for introduction are assessed using the AWRA to determine if they should be
regulated. As a matter of practicality, it focuses on the species that importers
actually want to import – species that should be evaluated anyway.

Note: APHIS is currently proposing a rule to implement a new category
(Not Allowed Pending Pest Risk Assessment) under the Plants for Planting
Quarantine (7 CFR 319.37). Under the proposed system, which will be similar
to the Australian Weed Risk Assessment System, plant species with a history
of invasiveness that are proposed for introduction into the United States, will
be assessed to determine if they should be should officially listed prior to
introduction. Under both systems, it must be noted, increasing the number
of species regulated does not automatically increase resources available for
addressing the problems. As with many other programs, a lack of resources is the
biggest challenge that is facing plant and animal regulatory systems around the
world.

Link to the AQIS Weed Risk Assessment System: URL: http://
www.daff.gov.au/ba/reviews/weeds/system/weed_risk_assessment
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Case Study: Proposed Importation of Channel Catfish in New Zealand

In the early 1990s, a request was made to the New Zealand Ministry of
Fisheries to import and raise the Channel catfish (Ictalurus punctatus Rafinesque)
in New Zealand (Figure 3). A risk assessment conducted by an independent
research team determined that the channel catfish, which is native to the United
States, could survive throughout the country. In addition, it would probably
escape from ponds and spread into other lakes and waterways. Because the fish
could be imported as pathogen free fertilized eggs, disease impacts on native
aquatic organisms were unlikely. However, the omnivorous feeding habit of the
fish indicated there would be negative impacts on native fish due to predation and
competition. Based on this assessment, the government of New Zealand denied
the request to import Channel catfish .

Figure 3. Channel catfish. URL: http://www.michigan.gov/dnr/0,1607,7-153-
10364_18958-45660--,00.html

IV. Summary
A nation’s bio-security depends on three management strategies for

introduced invasive species. These include preventing new introductions, early
detection and rapid response to new introductions within the country, and long
term suppression and control of established and widespread invaders. Pest
risk analysis is a process that evaluates the risks associated with a proposed
species to help determine whether it should be permitted or denied entry into a
country, and how those risks could be managed if it is imported. The prohibited
listing approach was developed in the late 1800s and early 1900s in response to
outbreaks of plant and animals pests such as foot and mouth disease of livestock
and gypsy moth. Under this approach, selected species of concern are evaluated to
determine if they should be regulated entry. Under the permitted listing approach
that was first used on a national level in Australia in the 1990s, all species that are
proposed for introduction are assessed to determine if they should be regulated.
The prohibited and permitted listing approaches affect various interests very
differently. The former benefits primarily commercial agriculture and forestry
– for the most part, no sector bears a significant economic cost from official
listing of a species. The latter approach benefits primarily conservation interests
(through positive effects on sustaining native biodiversity and ecosystem services
which are of long-term importance to the U.S. and the global economy. However,
the permitted listing approach has immediate negative economic impacts on the
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horticultural industry when importation of a species is not permitted (a loss of
short term economic opportunities). This situation creates challenges, particularly
in eco-geographically diverse countries such as the U.S. that are seeking to
implement as permitted listing approaches. Species which may have not adverse
effect in most eco-geographic regions, may, none-the-less, have very significant
impacts in favorable natural habitats, even though such habitats may only occur
in a small part of the country. In such situations, regional regulations by the
national plant regulatory agency, or regulation by individual states may afford
a more logical approach for protection of valuable natural resources (e.g., the
Florida Everglades, etc.).
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Chapter 3

Post-Border Weed Risk Assessment

The NatureServe Invasive Species Assessment Protocol

Terri Killeffer1,* and Kelly Gravuer2

1Information International Associates, Inc., Oak Ridge, TN 37830
2University of California Davis, Davis, CA 95616

*E-mail: tkilleffer@iiaweb.com

The non-profit organization NatureServe has developed a
science based assessment for evaluating non-native plants
for their impact on biodiversity. The NatureServe Protocol
consists of a series of questions on the biology and management
of a species that produces an invasive species Impact Rank
(I-Rank). I-Ranks are comparable in concept to the conservation
status ranks that NatureServe develops for native species and
ecosystems. The aim of the assessment protocol is to make
listing, evaluating, and ranking of non-native plants more
transparent, objective, and systematic.

I. Introduction

The non-profit organization NatureServe (http://www.natureserve.org/)
serves as the network headquarters for 80 natural heritage programs and
conservation data centers located throughout the United States, Canada, and Latin
America. It was established as the data collection and management component of
The Nature Conservancy in 1974. In 1994, it was separated from TNC to form the
Association for Biodiversity Information, and eventually became NatureServe.
As a result, the NatureServe network has over 30 years of experience collecting
and managing field data on plants, animals, and ecological communities. The
data include conservation status, distribution, taxonomy, threats, and management
needs. While these data have traditionally focused primarily on rare native
species, NatureServe has recently been expanding its activities related to
non-native species. In large part, this is because some introduced species pose a
major threat to rare native plants and animals.

© 2011 American Chemical Society
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II. Development of the NatureServe Invasive Species
Assessment Protocol

When dealing with non-native species, several questions typically arise. For
example:

1. Do I need to worry about this species? Is it causing a real problem for
conservation now, or could it cause one in the future?

2. What types of conservation problems could this species cause? What
elements of native biodiversity may be impacted, and how?

3. Where else is it a problem? What are the implications here?
4. Among all problem species, which ones should we deal with first?
5. What am I supposed to do about it?
6. What are others doing about it?

To answer at least some of these questions for non-native plant species,
NatureServe, in cooperation with scientists from The Nature Conservancy and
the National Park Service, developed a science-based assessment methodology
called “An Invasive Species Assessment Protocol: Evaluating Non-Native Plants
for Their Impact on Biodiversity” (1). For more information on the protocol see
ref (2).

The NatureServe Protocol consists of a standard series of questions
which, when answered, yield what is called an Invasive Species Impact Rank
(or I-Rank) that summarizes the estimated impact of the species on native
biodiversity. I-Ranks are comparable in concept to the conservation status ranks
that NatureServe develops for native species and ecosystems. Development of
this assessment protocol had the specific aim of making the process of listing,
evaluating, and ranking non-native plants more transparent, objective, and
systematic.

To this end, it requires detailed documentation of the information used in
evaluating each species to support the assigned I-Rank. This documentation plays
an important role in communicating the reasoning behind each I-Rank to other
interested parties and allows the information (and I-Rank) to be independently
reviewed, revised, and updated as needed (Figure 1).

The protocol was designed for application at a relatively large geographic
scale, such as a nation, state, or eco-region. NatureServe is currently using it to
evaluate non-native plants at the U.S. national level, but it can readily be adapted
for use in other appropriate regions as well. In fact, several states, including
California, Arizona, and Tennessee, are currently employing modified versions
of the protocol to assess their non-native flora.

A. Setting Parameters for the Assessment Process

Prior to beginning the evaluation process, the "region of interest" (e.g. the
United States) to which the protocol will be applied must be clearly defined. For
each species evaluation, there are two initial screening questions. First, it must be
determined whether or not the species has established itself as a non-native outside
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of cultivation within the region of interest. The protocol contains instructions for
handling species which are native to some parts of the region of interest but are
established as non-natives in other parts ("mixed-status" species). Second, it must
be determined whether the species occurs within any native species habitats within
the region of interest. If the species fulfills both of these conditions, it can be
evaluated with the main part of the protocol.

Figure 1. NatureServe I-Rank documentation process.

III. Assessment Protocol Overview

The main part of the protocol has 20 questions, divided into four sections.
Each section contributes to the overall I-Rank with "Ecological Impact"
contributing the most at 50%. The four sections along with their percentage of
contribution to the overall rank are as follows:

1. Ecological Impact - (50%)
2. Current Distribution and Abundance - (25%)
3. Trend in Distribution and Abundance - (15% )
4. Management Difficulty - (10% )
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Examples of questions addressed in each section of the protocol include the
following:

Section I. Ecological Impacts

- Does the species change ecosystem processes such as fire or hydrologic
regimes?

- Does it create a new layer in the community or eliminate an existing layer
(e.g. growing into the canopy and causing tree falls)?

- Does it reduce populations of native species?
- Does it have a particular effect on any individual native species, such as

hybridization or distraction of pollinators?
- Are the impacted native species or ecological communities of high

conservation value?

Section II. Current Distribution and Abundance

- What is the current range in the region of interest?
- Where within this range is it having negative impacts?
- How many distinct biogeographic areas (e.g. eco-regions) are invaded?
- How many different habitat types are invaded?

Section III. Trend in Distribution and Abundance

- Is the species expanding its range?
- Does it currently occupy all of its potential range or only a small portion?
- Is it capable of long-distance dispersal by suchmeans as wind or humans?
- Is it expanding locally?
- Is it capable of invading undisturbed portions of native species habitat?
- Has it invaded areas outside the region of interest?
- Does it possess particularly aggressive reproductive characteristics, such

as vigorous vegetative reproduction and/or huge quantities of seed per
plant?

Section IV. Management Difficulty

- What are the management choices?
- Will management take a long-term investment of human and financial

resources?
- What is the minimum time commitment?
- What type of impact will the management have on native species?
- Are the occupied areas hard to reach such as on cliffs or in roadless areas?

As noted above, answers to these 20 questions are fully documented, thereby
providing support for the resulting I-Rank in case questions about the rank arise
or new information becomes available. Each answer is assigned points and each
question is weighted individually. The points for all answers in a section are
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summed to yield a subrank (subranks are calculated for each of the four sections).
The subranks are then weighted and summed to yield an overall I-Rank for each
species.

The overall I-Ranks assigned by the protocol include the following in Table1:

Table 1

High A severe threat to native species and ecological communities

Medium A moderate threat to native species and ecological communities

Low A significant but relatively low threat to native species and ecological
communities

Insignificant An insignificant threat to native species and ecological communities

Unknown Not enough information available

Not
Applicable

Not established outside cultivation as a non-native species anywhere
in region of interest

Note that the individual subrank scores may be just as important as the overall
I-Rank for many applications. The overall I-Rank provides a useful synthetic
measure of impact for the entire region of interest, while each subrank more
specifically addresses one aspect of the species’ effect on native biodiversity.

IV. Implementation of the Assessment Protocol

In 2004, NatureServe began implementing this new assessment methodology
at the U.S. national level. In this comprehensive effort, all of the estimated 3,500
non-native vascular plant species established outside cultivation in the U.S. are to
be evaluated, not just those already considered a problem. The goal is to develop
a national list of non-native plants prioritized based upon their impact to native
biodiversity. The list should help to create a consensus on the most problematic
plants nationally, as well as identify plants about which more information is
needed.

As of June 2010, NatureServe has evaluated 549 non-native plant species
and is managing all documentation, references, and I-Rank information in their
central conservation database – Biotics. These evaluations are freely available
online by searching within NatureServe Explorer which is NatureServe’s "Online
Encyclopedia of Life" http://www.natureserve.org/explorer/. I-Rank searches can
also be combined with other Explorer search features, allowing users to identify,
for example, all species with a "High" I-Rank within a particular state or province.
One disclaimer – current I-Ranked species do not represent a random sample of
non-native species within the United States with assessments leaning toward those
species with higher-than-average impact because of assessment priority requests
by funding sources and land management agencies.

Included here as an example, Chinese Tallowtree [Triadica sebifera (L.)
Small] is a species evaluated with an outcome of "High" as its I-Rank. Also
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included are the sub-ranks from the individual sections as well as an "I-Rank
Summary" which is extremely useful since it summarizes the key points
contributing to the I-Rank of the species (Figure 2).

Figure 2. NatureServe I-Rank for Chinese Tallow.

In the I-Rank summary, those first two key questions about any non-native
species should be answered:

1. Do I need to worry about this species? Is it causing a real problem for
conservation now, or could it cause one in the future?

2. What types of conservation problems could this species cause? What
elements of native biodiversity may be impacted, and how?

Note, however, the important question of “Which ones do we deal with first?”
often depends on more than the species’ biodiversity impacts (I-Ranks) alone.
The priorities an area or agency sets for itself can and should be based on many
other factors as well, such as funding, ability to control the species, access to the
areas, and other threats to conservation. Thus the I-Rank and its accompanying
information is only one part of the equation needed to help set priorities.
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V. Future Plans

NatureServe hopes the availability of the protocol and the U.S. species
assessments will contribute to more informed conservation decisions in the
management of non-native plant species. The information provided through
the individual assessments and overall prioritized list is expected to assist
land managers in prioritizing projects, coordinating efforts, and justifying their
decisions; to educate the general public; to identify species that are in need of
more research; and to help with self-regulation in the nursery industry.

In the short term, NatureServe hopes to support other organizations who
wish to adapt and use the protocol in other geographic regions, such as states
or eco-regions. In the long-term, NatureServe hopes to continue innovating
its data management and exchange systems to accommodate the variety of
non-native species data collection methodologies employed by network member
programs. These innovations should enable different types of data to be linked
and aggregated based on common core fields.

VI. Summary

By facilitating the sharing and aggregation of non-native species occurrence
data within the network and with other organizations, NatureServe can make an
important contribution to understanding where non-native species are currently
invading and where they may potentially turn up next. The combination of this
extensive spatial data with biodiversity impact evaluations such as I-Ranks will
provide a powerful tool for developing efficient and effective management actions,
including early detection-rapid response (EDRR) strategies.
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Chapter 4

Applying NEPA Requirements for Federal
Weed Management Programs

Gina Ramos*

U.S. Department of the Interior, Bureau of Land Management,
Washington, DC 20240

*E-mail: Gina_Ramos@blm.gov

Under the National Environmental Protection Act (NEPA),
federal land management agencies such as the Bureau of Land
Management are required to assess the environmental impacts
of all federal actions on public lands. This includes projects
that involve control and treatment of invasive plants. NEPA
addresses unintentional and intentional actions that can happen
when multiple use activities such as an oil and gas operations
or recreation use occur on federal lands. These activities can
introduce invasive plants through vectors such as vehicles,
roads, and wildfires, or a non-federal action such as casual
recreation use could lead to further natural spread by wind,
water, and animals. In turn, when there is a proposal to treat
invasive plants on federal lands, federal land management
agencies conduct a NEPA analysis on the proposed treatments.
In addition to fulfilling NEPA requirements regarding federal
actions on federal lands, each federal agency reviews its
own internal policies regarding the use of pesticides, such as
herbicides for invasive plants as well as for other vegetation
control. Among other things, such reviews normally weigh the
benefits of control against the environmental, economic, and
social impacts of introduced species.

This chapter not subject to U.S. Copyright. Published 2011 by the American
Chemical Society
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I. Introduction

Under the National Environmental Policy Act (NEPA), U.S. federal agencies
such as the Bureau of Land Management (BLM) are required to evaluate and
assess the environmental effects of all federal actions. This includes projects that
involve controlling and treating all invasive species from plants to animals. NEPA
requires that federal agencies utilize an environmental impact analysis process
that permits decisionmakers and the public to conduct environmentally sound field
programs that:

Attain the widest range of beneficial uses of the environment without
degradation, risk to health or safety, or other undesirable and unintended
consequences,” (1).

Agencies must also integrate the requirements of NEPA with other planning
and environmental review procedures required by law or by agency practice, and
encourage public involvement in decisions that may affect the quality of the human
environment.

The application of NEPA to federal invasive species management programs
differs based on the activity and the level of analysis that is needed. The analysis
can range from Categorical Exclusions (CX), to Environmental Assessments
(EAs) and Environmental Impact Statements (EIS). It is incumbent upon the
federal agency to determine the appropriate level of analysis.

All internally and externally proposed actions on or affecting public lands
or resources under BLM jurisdiction are reviewed for NEPA compliance. NEPA
addresses circumstances that could introduce invasive plants through intentional
and unintentional actions such as:

• Natural pathways: Wind, water, wildlife, wildfire, etc.
• Man-made pathways enhanced or created by human activity (e.g., gravel

pits, roads, etc.)
• Viable seeds, whole plants, or vegetative plant parts.

To do this, each federal agency must screen the proposed action in order
to determine the appropriate response for ensuring NEPA compliance. Such
proposed actions fall into one of the five types:

- Exemptions,
- Categorical Exclusions – CX
- Determination of NEPA Adequacy - DNA
- Environmental Assessment – EA, and
- Environmental Impact Statement – EIS.

Exemptions – Certain types of actions are exempted from NEPA
requirements. One example is congressionally exempt actions such as floods,
fire, or hurricanes. Emergency actions can be exempt when certain emergency
circumstances require immediate action, although they may have significant
environmental impacts, but follow-up with NEPA is required.
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Categorical Exclusions (CX) - Weed projects using herbicides typically
require an Environmental Assessment (EA) and in some instances Weed
Management programs require a much more comprehensive Environmental
Impact Statement (EIS). Projects and programs that do not appear to require
an EA or an EIS are conducted under a Categorical Exclusion. Categorical
Exclusions are approved by the Council for Environmental Quality (CEQ).

Environmental Assessments serve as documentation that an EIS is not
required. EAs are typically conducted on minor federal actions, which do not
have significant impacts and can be part of the step down analysis from an EIS.

Determinations of NEPA Adequacy (DNA) are actions covered by existing
NEPA environmental documents. The BLM encourages programmatic EAs so
that BLM Field Offices can tier to a programmatic NEPA document to plan their
project work accordingly and be prepared to implement Early Detection and Rapid
Response (EDRR) strategies when new infestations are found on public lands.

Environmental Impact Statements are typically conducted on major federal
actions, which are determined to have a significant impact on the quality of the
human environment. These actions require more in-depth analysis than the other
types of NEPA documents. The BLM has one programmatic EIS that addresses
the use of chemicals for vegetation treatments including weeds. This covers 17
western states including Alaska (Table 1) (2).

II. Human Health and Ecological Risk Assessments

Even if an herbicide is already approved and labeled by EPA, the BLM
goes a step further to comply with 40 CFR Parts 1500-1508. Part 1502.22
deals specifically with incomplete or unavailable information, more commonly
known as “data gaps”. These are instances when an agency does not have
enough information about an issue to reach a conclusion based on the scientific
record alone. This requires a federal agency to deal with reasonable foreseeable
significant adverse effects. If development of the data is affordable, the data must
be developed and provided within the body of generally available science. In the
use of chemicals, specifically herbicides, this requirement is fulfilled by the BLM
through Herbicide Assessments.

Human Health and Ecological Risk Assessments are conducted by the BLM
to evaluate the risks that a chemical may pose to control weeds and other invasive
vegetation control poses to the health of humans, wildlife, and native ecosystems.
Risk assessments present known information about hazards, patterns of use
(exposure), and dose-response relationships of pesticide use. They also provide
projections of information to address the data gaps in all three of these areas.
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Table 1. Current list of approved herbicides for use on BLM administered lands

Herbicide Use by State
Chemical

AK AZ CA CO ID MT NE NV NM ND OK OR SD TX UT WA WY

2,4-D • • • • • • • • • • • • • • • • •

Bromacil • • • • • • • • • • • • • • • • •

Chlorsulfuron • • • • • • • • • • • • • • • • •

Clopyralid • • • • • • • • • • • • • • • • •

Dicamba • • • • • • • • • • • • • • • • •

Diflufenzopyr + dicamba ○ • ○ • • • • • • • • • • • • • •

Diquat • • • • • • • • • • • • • • • • •

Diuron • • • • • • • • • • • • • • • • •

Fluridone • • • • • • • • • • • • • • • • •

Glyphosate • • • • • • • • • • • • • • • • •

Hexazinone • • • • • • • • • • • • • • • • •

Imazapic ○ • ○ • • • • • • • • • • • • • •

Imazapyr • • • • • • • • • • • • • • • • •

Metsulfuron methyl • • ○ • • • • • • • • • • • • • •

Picloram ○ • ○ • • • • • • • • • • • • • •

Sulfometuron methyl • • ○ • • • • • • • • • • • • • •
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Herbicide Use by State
Chemical

AK AZ CA CO ID MT NE NV NM ND OK OR SD TX UT WA WY

Tebuthiuron ○ • • • • • • • • • • • • • • • •

Triclopyr • • • • • • • • • • • • • • • • •

• Based upon the current EISs, these herbicide active ingredients have been analyzed and approved for application on BLM-administered lands. ○ Based
upon the current EISs, these herbicide active ingredients have been analyzed and approved for application on BLM-administered lands, but application is not
allowed based on registration status in the state.
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III. Internal Agency Policies on the Use of Chemicals for Weed
Control

In addition to fulfilling NEPA requirements regarding federal actions
conducted on public lands, each federal agency typically reviews its own internal
policy requirements regarding the use of chemicals for weed control. The BLM
is no exception. The BLM:

- Weighs benefits of control against the environmental, economic and
social values that may be threatened.

- Determines scope of project and integrates into the plan positivemeasures
for protecting wildlife and other values.

- Determines for each target pest the possible courses of action and
evaluates relative merits for controlling the pest with the least adverse
effect on the environment. An integrated pest management approach
must be followed in arriving at the decision to use a chemical pesticide.
Further policy requires that the BLM may only use BLM approved
herbicides and formulations through a Record of Decision (ROD).

IV. Overview of the Environmental Information Gathering
Process

In order to determine the environmental scope of a federal action, certain
information is needed. Questions to ask when any action is proposed include:

- Will the action or lack of an action introduce or spread invasive plants?
- What can be done to mitigate and/or stop or reduce the spread?
- What measures can be taken to enhance the effectiveness of weed

management efforts (e.g., specific weed prevention practices, stipulations
in permits, leases, or sales, surveys and inventories, and treatments of
existing infestations).

- What tools are available for mitigation or restoration (e.g., use of weed-
free forage products such as straw, hay, grain, seed, and mulch).

Thus, in addition to assessing the potential impacts of control measures
on humans, wildlife, and native ecosystems, the NEPA process provides an
opportunity for a federal agency to develop a clear rationale for managing a
particular invader to help meet the general goals and objectives of the agency.

V. Addressing Differences between Agencies When Dealing
with Invasive Plants

Since invasive plants do not respect boundaries, differences in agency
mission and land use goals can sometimes complicate how different federal
agencies implement invasive plant management programs. The invasion of
riparian invaders such as saltcedar (Tamarix ramosissima Ledeb.) along streams
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and rivers might be seen as an imminent threat to high value natural resources in
National Parks and National Wildlife Refuges, and treated as a high priority for
Early Detection and Rapid Response. However, on federal lands that are managed
for timber or grazing, such an invader might not rank as high in the overall
management scheme. Such programs are also affected by available funding and
labor. NEPA documentation permits different agencies to provide a rationale for
managing the same invader in different ways.

VI. Summary

The National Environmental Policy Act (NEPA) is a federal law that requires
federal agencies to take steps to ensure that their actions do not cause harm to
human, wildlife, or native ecosystem health. Federal actions under NEPA are
categorized as Exemptions, Categorical Exclusions, Determination of NEPA
Adequacy, Environmental Assessments, or Environmental Impact Statements.
Federal actions are categorized as Exemptions under NEPA by federal law, or
during emergencies that require immediate action. Federal Actions that do not
require an Environmental Assessment or an Environmental Impact Statement are
conducted under Categorical Exclusions. Categorical Exclusions are approved
by the Council for Environmental Quality. An Environmental Assessment is
conducted for minor federal actions; those that are judged to not have significant
impacts. Comprehensive Environmental Impact Statements are generally
conducted for major agency programs. The BLM has a National Programmatic
Environmental Impact Statement for using herbicides on public lands to control
vegetation that was issued in 2007. In addition to assessing the potential impacts
of control measures on humans, wildlife, and native ecosystems, the NEPA
process provides an opportunity for developing a clear rationale for managing a
particular invader in fulfillment of agency goals and objectives. NEPA ensures
that all of these ‘good sense’ management practices are employed on public lands
all across the country.
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Chapter 5

Aquatic Herbicide Registration New Model

Kurt D. Getsinger,*,1 Mike D. Netherland,1 and Don R. Stubbs2

1U.S. Army Engineer Research and Development Center, Vicksburg, MS
2U.S. Environmental Protection Agency, Washington, DC (Retired)

*E-mail: getsink@wes.army.mil

Over the past several decades, aquatic herbicides have served
as the major management tool for aquatic weeds in the United
States. However, until 2001, only six active ingredients had
been given national Environmental Protection Agency (EPA)
Section Three aquatic registrations. Between 1977 and 2001,
only two of these herbicides received EPA Section Three labels.
The discovery of fluridone resistant hydrilla in the southeastern
United States showed the need for a more diverse pool of
chemicals to help minimize the development of herbicide
resistance, and indicated the need for a more streamlined
aquatic herbicide registration process. To meet this need, the
chemical industry, the research community and the EPA formed
a Federal Aquatic Herbicide Working group to assist in the
registration of minor use aquatic herbicides. As a result of this
new level of cooperation between industry, researchers, and
federal regulators, a number of new aquatic herbicides have
been registered in the past several years. In addition, there
is a broader understanding of the need for aquatic herbicide
registration, as well as their responsible use in the field.

I. Introduction

Water resources are critical to the well-being of the United States, as they are
necessary for the production of food and fiber, transportation of goods, industrial
processes, drinking water, recreation, and habitat for fish and wildlife - including
threatened and endangered species. One of the greatest threats to maintaining
healthy water resources is the introduction, establishment and spread of invasive
plants. Invasive plants can impact all types of aquatic sites including rivers, lakes,

This chapter not subject to U.S. Copyright. Published 2011 by the American
Chemical Society
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reservoirs, wetlands, and irrigation/drainage canals. If left unchecked, these
aggressive weeds block potable water intakes, displace native fish and wildlife
habitat, decrease biodiversity, disrupt recreational activities, and degrade human
health (1).

Examples of the most widespread and troublesome invasive aquatic plants
include the submersed species, Eurasian watermilfoil (Myriophyllum spicatum
L.), hydrilla (Hydrilla verticillata L.f. Royle), Brazilian elodea (Egeria densa
Planch.), and Curlyleaf pondweed (Potamogeton crispus L.); the floating species,
Water hyacinth [Eichhornia crassipes (Mart.) Solms], Water lettuce (Pistia
stratiotes L.), and Giant salvinia (Salvinia molesta Mitchell); and the emergent
plants, Purple loosestrife (Lythrum salicaria L.), Common reed [Phragmites
australis (Cav.) Trin. ex. Steud.], and Giant reed (Arundo donax L.). All of
the above plants have been introduced into the United States from other parts of
the world, and once released in the wild, can be transported within and across
watersheds, by animals, water flow, and humans. Because watersheds may fall
within several states, invasive plants do not respect political boundaries, and
infestations can progress from a local to regional to national level.

There are a number of techniques available to manage or control invasive
aquatic and wetland vegetation – chemical biological, and mechanical/physical
- and best management practices have been established for this purpose (1). An
important management goal is to reduce the abundance of weed infestations,
while minimizing injury to non-target plants – a technique commonly know as
species-selective control. While herbicides could achieve species-selective and
economical control objectives, the path to registration for aquatic products had
become poorly understood, cumbersome and extremely slow. Clearly, a new
registration model was needed.

II. The Role of Herbicides in Management of Invasive Aquatic
and Wetland Plants − Evolution of a New Registration Model

Herbicides have been key tools in aquatic plant management, and they
continue to play a major role in controlling nuisance aquatic vegetation in waters
of the United States (2). Moreover, the prescriptive use of herbicides can provide
species-selective plant control in aquatic sites. Attributes of aquatic herbicides
that make them a keystone management tool comprise aspects such as: a) species
selectivity, inherent to particular molecules or dose related; b) minimal risk
to the environment and human health – low toxicity to fish, invertebrates, and
mammals; and c) residual half-lives in water and sediment are short. While
serving as the major management tool, only two new active ingredients received
U.S. Environmental Protection Agency (EPA) Section 3 labels for use in aquatic
sites throughout the U.S. from the period 1977 through 2001: glyphosate (1977)
and fluridone (1986). In addition, at the end of that 25-year period, only six active
ingredients had national, EPA Section 3 aquatic registrations (Table 1). However,
from 2002 through 2008, five new Section 3 labels were approved by EPA, and
three other products received EPA Experimental Use Permits (EUP), or Section

46

  P
ub

lic
at

io
n 

D
at

e 
(W

eb
):

 S
ep

te
m

be
r 

15
, 2

01
1 

| d
oi

: 1
0.

10
21

/b
k-

20
11

-1
07

3.
ch

00
5

In Invasive Plant Management Issues and Challenges in the United States: 2011 Overview; Westbrooks, R., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 2011. 



5 labels. Several factors converged to initiate the resurgence in the development
and registration of aquatic herbicides. A new registration model was evolving.

Table 1. A list of registered aquatic herbicides with U.S.-wide (Section 3) and
Experimental Use Permit (Section 5) labels and primary uses patterns

Compound Date Registered Major Aquatic Use

Copper, Copper chelates 1950’s Algae control and combination
with aquatic herbicides

2,4-D 1959 (ester)
1976 (amine)

Systemic herbicide, selective for
dicots and broad-leaved plants

Endothall 1960 Contact herbicide, broad spectrum
-selective per application timing,
submersed only

Diquat 1962 Contact herbicide, broad spectrum

Glyphosate 1977 Systemic herbicide, broad
spectrum, emergent plants only

Fluridone 1986 Systemic herbicide, broad
spectrum – rate selective,
large-scale or whole-lake
management, submersed plants

Triclopyr 2002 Systemic herbicide, selective for
dicots and broad-leave plants

Imazapyr 2003 Systemic herbicide, emergent
plants only

Carfentrazone 2004 Contact herbicide for dicots

Bispyribac 2006 (EUP) Systemic herbicide, broad
spectrum, large-scale or whole
lake management, submersed
plants

Flumioxazin 2006 (EUP) Contact herbicide, broad spectrum

Penoxsulam 2007 Systemic herbicide, broad
spectrum, large-scale or
whole-lake management,
submersed plants

Quinclorac 2007 (EUP) Systemic herbicide

Imazamox 2008 Systemic herbicide, broad
spectrum, emergent plants
and large-scale or whole-lake
management, submersed plants
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One key ingredient in this registration resurgence was the discovery of
fluridone resistant hydrilla. The ability to manage important water resources in
Florida and other states would be hindered if other effective and economical
tools were not developed to supplement fluridone. In addition, development of
herbicide resistance by hydrilla and Dotted duckmeat [Landoltia punctata (G.
Mey.) D. Les & D. Crawford] suggests that other major weed species may also
have this capacity. Another important factor was the business climate created by
the advent of glyphosate-resistant row crops, such as Roundup Ready® soybeans,
corn, cotton. This occurrence greatly limited market share of crop protection
products competing for development funding in the major row crop commodity
arena. As a consequence, the loss of market share in row crop herbicides made
minor-use markets, such as non-crop lands and aquatics, more attractive to
registrants. The old economic paradigm of costly research, development, and
registration processes versus a low return on investment in a specialty market (2)
was falling by the wayside.

A linchpin in moving the aquatic registration process forward again was the
regulatory community’s acceptance of the pressing need for new herbicides and
the realization that these products could address invasive weed problems while
providing an acceptable risk to human health and the environment. For nearly
three decades, technical communication and collaboration between the third-party
research community (both agency and academia) and respective registrants was
operating on an “as needed” basis. While communication between the registrants
and the regulatory community functioned as required by laws and policies during
this same time period, meaningful and consistent dialogue between aquatics
researchers and regulators was lacking.

In the late 1990s, recognition of this communication gap by the research
community, including such groups as the U.S. Army Corps of Engineers, the
University of Florida, and the U.S. Department of Agriculture (USDA), led to
a technical and educational outreach initiative with the EPA Office of Pesticide
Programs (OPP). By 2004, collaboration and information exchange between the
researchers and the EPA-OPP was strengthened with the formation of a Federal
Aquatic Herbicide Work Group and a unique relationship with the USDA’s IR-4
Project concerning the registration of minor use herbicides (3). These federal
government interactions were then blended with key state regulatory and natural
resource management agencies and evolved into partnerships with scientific
societies and nonprofit organizations, such as the Weed Science Society of
America, the Aquatic Plant Management Society, and the Aquatic Ecosystem
Restoration Foundation. Technology transfer focused on the need for new
products, the re-registration of old chemistries, use patterns in aquatic sites,
improvements in labeling, revisions to use restrictions that allowed for selective
control of target weeds, and protection of human health and the environment
(4). Due to this cooperation between industry, regulators, and researchers,
understanding the need for aquatic herbicide registrations and their responsible
use is at its highest point in history. This cooperation will be increasingly critical
as the EPA moves toward more complex pesticide regulations concerning impacts
on threatened and endangered species via the Registration Review process, and
potential permit requirements for aquatic pesticide applications via the National
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Pollution Discharge Elimination System (NPDES) under the jurisdiction of the
U.S. Clean Water Act.

III. The Future – Maintaining the New Registration Model

In order to maintain and improve this new aquatic herbicide registration
model, it is recommended that three primary goals be achieved:

1. Strengthen and utilize the Federal Aquatic Herbicide Working Group.
This working group should enhance interactions with the Federal
Interagency Committee on Management of Exotic and Noxious Weeds,
the Federal Invasive Species Advisory Committee, and the National
Invasive Weed Awareness Week coalition.

2. Provide a non-industry, third-party, aquatic plant control research and
development (R&D) network. This R&D network should cover all
regions of the US, and should include government agencies and selected
academic institutions.

3. Expand interactions with R&D groups and the regulatory community.
These interactions should include the permanent establishment of
a Subject Matter Expert position within the EPA that cooperatively
works with registrants, regulators, user-groups, and the greater R&D
community.

It will difficult to achieve the goals outlined above without a long-term and
consistent commitment of adequate resources (e.g., investigators, facilities, and
funding) by agencies or institutions. Unless this resource commitment is met,
the ability to conduct the required research, provide the needed solutions, and
maintain a viable registration process will not be fully achieved. Finally, the
considerable problems posed by invasive aquatic plants cannot be overcome unless
a truly integrated cross-discipline effort is conducted, including contributions from
plant scientists, toxicologists, aquatic ecologists, fisheries scientists, regulators,
and public policy makers.

IV. Summary

Over the past several decades, aquatic herbicides have served as the major
management tool for aquatic weeds in the United States. However, until 2001,
only six active ingredients had been given national Environmental Protection
Agency (EPA) Section Three aquatic registrations. To meet the challenge of
herbicide resistance caused by over dependency on a few major chemicals,
industry, researchers, and the EPA formed a Federal Aquatic Herbicide Working
group to assist in the registration of minor use aquatic herbicides. As a result,
a number of new aquatic herbicides have been registered in the past several
years. In order to maintain and improve this new aquatic herbicide registration
model, it is recommended that the Federal Aquatic Herbicide Working Group be
utilized and strengthened; that a non-industry, aquatic plant control research and
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development network be established; and that interactions between research and
development groups and the regulatory community be expanded.
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Chapter 6

Overview and Status of the Witchweed (Striga
asiatica) Eradication Program in the Carolinas

Richard D. Iverson,*,1 Randy G. Westbrooks,2 Robert E. Eplee,3
and Alan V. Tasker4

1North Carolina Department of Agriculture & Consumer Services
(NCDA&CS), Plant Industry Division, Raleigh, North Carolina 27699

2U.S. Geological Survey, National Wetlands Research Center,
Whiteville, North Carolina 28472

3U.S. Department of Agriculture, Animal and Plant Health
Inspection Service (APHIS), Plant Protection and Quarantine (PPQ),

Whiteville, North Carolina 28472 (Retired)
4U.S. Department of Agriculture, Animal and Plant Health

Inspection Service (APHIS), Plant Protection and Quarantine (PPQ),
Riverdale, Maryland 20737

*E-mail: Rick.Iverson@ncagr.gov

Witchweed [(Striga asiatica (L.) O. Kuntze)] is a parasitic
weed from Asia and Africa that attaches to the roots of grasses
and grass crops such as corn and sorghum. Witchweed was
first detected in the western hemisphere in a corn field in
Columbus County, North Carolina, in July, 1956. Since that
time, a federal/state cooperative program has eliminated over
99% of the 432,000+ acres that have been found infested with
witchweed in the eastern Carolinas. This chapter provides
an overview of the USDA-Carolinas Witchweed Eradication
Program, as well as the methods and procedures that have been
employed to achieve this remarkable level of success.
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I. Introduction

The Witchweed Eradication program in North and South Carolina is the U.S.
Department of Agriculture’s oldest and largest quarantine program designed to
eradicate and contain the spread of an introduced, regulated weed (Figure 1).
The quarantine was officially established on September 6, 1957, with boundaries
that included 38 counties in North and South Carolina and an estimated infested
acreage of 434,000 acres. In 1995, program responsibilities for managing
witchweed infestations in North Carolina were turned over to the North Carolina
Department of Agriculture and Consumer Services. Infestations still remaining
in South Carolina continue to be managed by the USDA Animal and Plant Health
Inspection Service, Plant Protection and Quarantine (APHIS PPQ).

Figure 1. Witchweed parasitizing corn. Image by Robert E. Eplee, USDA APHIS
PPQ, Whiteville, North Carolina. U-GA, Bugwood Image Gallery.

The Witchweed Eradication Program is based on extensive research that
characterized witchweed biology, evaluated treatments, and developed procedures
and tools to be used in the effort. Specific objectives of the program include: 1)
detection of all infestations in the quarantine area through survey; 2) eradication
of existing infestations; and, 3) containment by preventing the movement of
potentially infested articles out of established quarantine boundaries.

Lessons learned from the Witchweed Eradication Program have been applied
in a number of other weed eradication efforts, such as the Goatsrue Eradication
Program in Cache County, Utah (1981–1996), and the Carolinas Beach Vitex Task
Force (2003–present). No other weed program has ever received as much financial
support or breadth of resources. It is estimated that over $250 million had been
spent on the program through 2009.
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II. Witchweed Biology and Life Cycle

Witchweed seeds generally occur within the plow layer of soils with few
seeds occurring at soil depths below 10 cm (Figure 2). The percentage of viable
seeds decreases dramatically during the first eight years in the plow layer of soil.
However, some witchweed seed placed at depths of 30 to 150 cm by deep soil
movement, such as deep tillage, can remain viable in the soil for 15 years or longer
(1). There are instances where the parasite emerged after planting of corn in a field
that had been maintained free of hosts for a period of 14 years (2).

Figure 2. Comparison of witchweed seeds (smallest) to tobacco seeds (next
largest), mustard seeds (largest), and human hair. Image by Robert E. Eplee,

USDA APHIS PPQ, Whiteville, North Carolina. U-GA, Bugwood Image Gallery.

As an obligate parasite, witchweed will not germinate and complete its life
cycle unless a host root grows within a few mm of a seed. It is an obligate parasite
of corn, and will parasitize as many as 60 other plants, most of which are grasses.
Germination of witchweed seeds occurs in the presence of an exogenous stimulant
that can be produced by roots of host plants such as corn, crabgrass and others.
Germination in the presence of a non-host, referred to as a “false host”, such as
cotton, is an effective way to encourage seeds to germinate and thus deplete seed
reserves in the soil.

Once germination occurs, the plant develops white succulent shoots that turn
green once they emerge from the soil (Figure 3. The plant is normally from 15-30
cm tall, and is covered with coarse hairs. It has irregular-shaped flowers (red or
occasionally yellow in the U.S.), that give rise to swollen seed pods. Each plant
can produce up to 50,000 dust-like seeds).
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Figure 3. Witchweed seedlings. Image by Robert E. Eplee, USDA APHIS PPQ,
Whiteville, North Carolina.

III. Threats to Grain Production in Africa and the United States

In other parts of the world, witchweed is a significant pest of corn and other
grass crops such as sorghum and sugarcane (Figure 4). It is a very serious problem
throughout Africa, where it interferes with crop production and contributes to
widespread famine in some years. The main problem is that most African farmers
do not have the kind of special equipment and resources that have made the U.S.
Witchweed Program such a success. Pulling up the plant after it appears in a
sorghum field does not help very much. By the time witchweed appears above
ground, most of the damage to the crop is already done. However, many of the
control methods – e.g., injection of ethylene to induce suicidal germination of
witchweed seeds in the soil, have been a big help in areas of Africa where such
equipment is available.

While witchweed only occurs in the Carolina Coastal Plain in the United
States, it is a very serious threat to the production of corn and other grain crops
in other parts of the country. Growth chamber studies conducted by Dr. David
Patterson, formerly with the USDA Agriculture Research Service (ARS), at the
Duke University Phytotron, in the 1980s, predicted that the potential ecological
range of witchweed could include much of the Corn Belt of the midwestern
United States (Figure 5). He did find that the rate of growth and development
of witchweed would be less under the temperature conditions prevalent in the
Corn Belt, compared to those in the Carolinas. Nevertheless, estimated yield
reductions, based on simulated temperature regimes in the Corn Belt, showed an
average corn yield reduction of about 35% (3). Based on a national corn crop of
12 billion bushels at $6.50/bushel ($78 billion), left unchecked, this translates
into a potential loss of up to 4.2 billion bushels ($27.3 billion) per year.
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Figure 4. Yield comparison – uninfested corn (left) and infested corn (right).
Image by Robert E. Eplee, USDA APHIS PPQ, Whiteville, North Carolina.

Figure 5. Potential ecological range of witchweed in the United States. Image by
Randy G. Westbrooks, USDA APHIS PPQ, Whiteville, North Carolina.
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IV. Witchweed Eradication Methodology

Early detection and rapid response is clearly the most preferred management
strategy for addressing a new invader like witchweed. However, most eradication
programs such as this require a long term commitment and determined execution
of several program components. Unlike a weed control program that aims to
suppress and contain a weed infestation, the goal of a weed eradication program is
to prevent further reproduction and eliminate all of the seeds in the soil. The basic
components of an eradication program include: 1) survey, to determine location
and extent of the pest, 2) regulation, to prevent unintentional spread of the pest;
and, 3) control, to prevent further reproduction and devitalize all existing plants
and seeds in the soil (4).

Biological factors that were most important in developing survey and control
methods for witchweed included:

- identification of its obligate hosts;
- determining the requirements for witchweed germination; and
- determining the number of years that the seeds can remain viable in the

soil.

These original basic components of the Witchweed Eradication Program are
still utilized today. Over the years, there have been a few minor changes in survey
methodology. However, there have been major changes in the herbicides that are
available for program use.

A. Witchweed Survey

Surveys for witchweed are conducted by systematically scouting fields to
locate emerged witchweed plants (Figures 6 and 7). Up until the 1970’s, visual
survey of emerged witchweed plants was the primary means of detection. At that
point, a method was developed to reliably detect witchweed seed in soil samples
from infested fields not containing host crops (4). Soil samples, however, are no
longer used to detect witchweed due to the high cost of maintaining a laboratory
and personnel to examine soils.

An important goal of the Witchweed Eradication Program is to contain the
infestation within a core area. This is accomplished by placing a priority on survey
and control in areas around the periphery of the infestation, thereby preventing the
outward spread of the parasite. Surveys around the periphery of an infestation
are referred to as delimiting surveys. Surveys in areas where infestations are not
known to occur are known as detection surveys.
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Figure 6. Witchweed survey – Greg Abbott, USDA APHIS PPQ, Chadbourn,
North Carolina. Image by Randy G. Westbrooks, USDA APHIS PPQ, Whiteville,

North Carolina.

Figure 7. Motorized platform survey. Image by Randy G. Westbrooks, USDA
APHIS PPQ, Whiteville, North Carolina.

An important goal of the survey program is to determine the effectiveness of
eradication treatments. If a field has a spotty infestation, the field may be treated by
hand pulling and collecting plant material for devitalization in a microwave oven.
Infested fields with host crops will be surveyed several times during the growing
season to catch newly germinated plants before they have time to flower. Surveys
of infested fields that have been treated are referred to as appraisal surveys.
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Surveys conducted in fields that have been released from quarantine, termed
release survey, are done to confirm that witchweed has been eliminated from a
site. Release surveys are conducted annually for a minimum of 10 years after a
field has been released from quarantine. This provides additional assurance that
witchweed has actually been eliminated from the field. If witchweed is detected
in a released field, it is re-classified as an infested field under the quarantined
acres category. At this point, control treatments are re-initiated and the mandatory
survey period is started over again.

In 2009, over 87,000 acres in all categories were surveyed in the Witchweed
Quarantine area. Table 1 shows acreages for each type of survey in North Carolina
and South Carolina.

Table 1. Witchweed survey acreage by survey type in North Carolina and
South Carolina in 2009

State Survey Type Total Acres

Detection 23,078

Delimiting 9,450

Appraisal 16,254

North Carolina

Release 32,255

Total Acres Surveyed: 81,037

Delimiting 4,806

Appraisal 396

South Carolina

Release 1,116

Total Acres Surveyed: 6,318

Total of Acres Surveyed in both States: 87,355

B. The Witchweed Program Bounty System

Considering the hundreds of thousands of acres that have already been
eradicated from the Witchweed Quarantine area, Witchweed Program personnel
and seasonal technicians have done a good job in detecting new infestations of
witchweed in the program area. However, it was realized in the late 1980s, that
the program would need help from the community to ensure that all witchweed
infestations are detected and reported to achieve total eradication. Therefore, in
order to enhance survey efforts, the Witchweed Program offers a bounty of $25
to anyone, other than permanent witchweed staff, who finds a new witchweed
infestation. During 2007, a total of 67 bounty payments were made to farmers,
crop scouts, and a variety of other people who have an interest in the program.
During 2008 and 2009, a total of 35 and 32 bounty payments, respectively, were
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made in North Carolina (none in South Carolina). The total associated witchweed
bounty acreage for all three years was 545 acres.

C. Witchweed Control Methods

Successful weed eradication treatments must ensure that additional target
plant seeds are not produced and that seed remaining in the soil is depleted by
germination or devitalization (Figure 8). The Witchweed Eradication Program
accomplishes this by control of emerged plants (hand roguing and pulling,
disking, and chemical treatments) to prevent witchweed seed production, by
injection of ethylene gas to encourage suicidal germination of witchweed seeds,
and by the use of fumigants to devitalize the seeds in the soil.

Figure 8. Witchweed control treatments. Image by Robert E. Eplee, USDA
APHIS PPQ, Whiteville, North Carolina.

In 2009, 4,757 acres were treated with 28 different chemical treatments (see
Table 2). The use of glyphosate resistant crops in recent years has simplified
herbicide application in the program since glyphosate can be used to kill
witchweed as well as grasses that could act as hosts in glyphosate resistant crops.
In 2009, glyphosate was used on 1,531 acres, ethylene was injected on 793 acres,
and disking was done on 1,271 acres. In 2008, glyphosate was used on 1,004
acres, ethylene was injected on 775 acres, and disking was done on 1,069 acres.
Also, spot infestations of witchweed were manually removed by hand roguing on
107 acres in 2009, and 22 acres were fumigated with methyl bromide.

Treatment acreage in 2009 by crop and other site types is shown in Table 3.
Crops/site types that received the highest number of treatments in 2009 included
idle lands (1,889 acres), soybean (1,295 acres), and corn (1,194 acres).
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Table 2. Chemical treatment acreage by treatment type in 2009(a)

Treatment Description Treated Acres Number of
Fields

North Carolina

SUTAN +ATRAZINE 3-6+1-1.5 PPI 10.50 1

2, 4-D 1.0 PD, OT 2.55 3

2, 4-D 1.0 + LIQUID NITROGEN 8.02 2

PREFIX 1 QUART 89.00 6

GRAMOXONE 0.50 PD, OT 69.62 10

PROWL 07.5-1.5 PPI, PES 9.42 1

OUST 0.05-0.2 PD, OT 1.00 1

ATRAZINE 1.0-1.5 PPI, PES 31.60 3

BASAMID “G” 295 SA 2.78 9

COMMAND 0.75-1.5 PPI 64.40 3

GOAL 1.0 PD, OT 1.00 1

2, 4-D + GRAMOXONE 1.0 +
.125-.25PDOT

1.55 2

DISKING-100% GRASS KILL 1206.81 180

DUAL 1.125-3.0 PES 402.94 19

ETHYLENE (HAND) 1.5 2.00 1

ETHYLENE (TRACTOR) 1.5 INJ 724.89 66

EVIK 2.0 PD 21.80 2

METHYL BROMIDE (CONTRACT) 436.0 22.10 12

METHYL BROMIDE (SPOT) 436.0 0.40 2

POAST 0.2-.05 OT, PD 11.10 3

REFLEX 0.375 PD, OT 16.05 2

ROGUE- 100% WITHWEED REMOVAL 106.46 52

ROUNDUP 0.50-2.0 OT 1472.03 98

TREFLAN “G’ 3.0-4.0 SA 0.35 2

TREFLAN-EC 0.5-1.0 PPI 129.28 17

ENVIVE 4.3 OUNCES 115.40 8

ROUNDUP =2,4-D.5-2.0+1.0 OT, PD 3.57 5

VELPAR 1.0-2.0 PD, OT 11.00 1

Totals 4538 512

Continued on next page.
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Table 2. (Continued). Chemical treatment acreage by treatment type in
2009(a)

Treatment Description Treated Acres Number of
Fields

South Carolina

BASAMID “G” 295 SA .10 1

GOAL 0.75 PD, OT 19.00 1

DISKING-100% GRASS KILL 63.90 5

ETHYLENE (TRACTOR) 1.5 INJ 65.50 6

ROUNDUP 0.50-2.0 OT 55.10 4

TREFLAN-EC 0.5-1.0 PPI 8.50 1

REFLEX + FUSILADE .375+.06-.19PD, OT 7.30 1

Totals 219 19
(a)All rates are expressed in pounds active ingredient per acre. The following codes indicate
the method of application: PD – Post-emergence directed; OT – Overtop post-emergence;
PPI – Pre-plant incorporated; PES – Pre-emergence surface after planting, no incorporation;
SA – Surface applied; INJ – Soil injection.

D. The Witchweed Program Point System

The criteria for release of a witchweed infested field from quarantine are
based on a scientifically derived point system that was developed and refined by
Dr. Robert Eplee and associates at the USDA APHIS Whiteville Plant Methods
Center in Whiteville, North Carolina (4). The intent of the point system is to
assign points to an infested field based on certain activities and treatments.
Activities or treatments that contribute the most toward eradication qualify a
field for more points than lower impact activities or treatments. For example,
an ethylene treatment (which induces suicidal germination of witchweed seeds
in the soil) qualifies a field for 1.0 to 1.5 points depending on the success of the
treatment. A fumigation treatment with methyl bromide qualifies a field for 4.0
points.

Once a field is awarded 5.0 points, it is released from quarantine. This means
that equipment and soil contact commodities can be removed from the field and
moved out of the quarantine area without an official phytosanitary certificate – an
official USDA document which certifies that they are witchweed free. However,
the field is not totally removed from the program system until it has been surveyed
over a 10 year period after release and has acquired an additional 5 points. A
spot survey (scouting of known spots where witchweed was detected in the past)
qualifies a field for 0.5 points. A whole field survey qualifies a field for 1.0 points.
Spot and whole field surveys are completed according to a predetermined schedule
during the 10 years after a field is released from quarantine.
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Table 4 shows the infested acres in North Carolina quarantined counties by
point value as of the end of 2009. Table 5 shows that remaining infested acreage
was released in South Carolina at the end of 2009. Table 6 shows the number of
infested farms and fields with fewer than five points – by county in North Carolina,
as of the end of 2009.

Table 3. Chemical treatment acreage by state and crop in 2009

State Crop Name Number of Acres
Treated

Number of Fields

North Carolina Corn 1156.04 100

Garden 110.41 34

Idle (non-cropland) 1736.90 273

Other 136.67 37

Peanuts 0.02 1

Soybeans 1265.61 116

Wildlife Planting 104.65 28

Yard 16.30 5

Horticultural Crops 12.02 4

Totals 4,538 598

South Carolina Corn 38.00 1

Idle (non-cropland) 152.20 5

Soybeans 29.20 1

Totals 219 7

Total for Both States = 4,757 626

E. Regulation of High Risk Articles

Regulation is an essential component of an eradication effort. Without
regulation, there is no assurance that the pest can be contained. Due to the
microscopic size of witchweed seeds, the regulation of high risk articles (e.g.,
combines) and soil contact commodities (e.g., sweet potatoes) being moved
out of the quarantine area is one of the most important elements of the U.S.
Witchweed Eradication Program. Clearly, the U.S. witchweed regulatory effort,
including the establishment of an official quarantine, has been very effective.
To date, witchweed has not been found outside of the quarantine area in the
eastern Carolinas. Federal quarantines have controlled the interstate movement
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of regulated articles, and parallel state quarantines in North and South Carolina
have controlled the intrastate movement of regulated articles.

Witchweed Quarantine areas are updated and published in the Federal
Register on a regular basis. As of April 2007, there were five counties included
in the quarantine for North Carolina, and two counties included in the quarantine
area in South Carolina. It should be noted that the current witchweed quarantine
does not include any entire counties in either state – only infested farms, sections,
or fields within county boundaries. Figure 9 shows the quarantine areas for North
Carolina as of 2006. Figure 10 shows the quarantine areas for South Carolina as
of 2006.

Table 4. Infested acres in North Carolina quarantined counties by point
value – December 31, 2009

County 0-0.9 1-1.9 2-2.9 3-3.9 4-4.9 Total

Bladen 0 309.10 87.60 95.90 143.00 635.60

Cumber-
land 107.40 150.10 70.60 77.40 574.70 980.20

Pender 0 8.50 4.00 4.60 0 17.10

Robeson 0 0 0 321.3 130.80 452.10

Sampson 4.30 2.40 28.64 9.50 5.20 50.04

Totals = 111.70 470.10 190.84 508.70 853.70 2135.04

Table 5. Infested acres in South Carolina quarantined counties by point
value – December 31, 2009(a)

County 0-0.9 1-1.9 2-2.9 3-3.9 4-4.9 Released

Marion 0 0 0 0 0 23.9

Horry 0 0 0 0 0 42.1

Totals = 0 0 0 0 0 66.0
(a) Each year, an average of 10-15 previously released sites are found to be infested with
small patches of witchweed, and are thus reclassified as infested once again. In 2009, 15
previously released sites in South Carolina were found to be infested. In 2010, post-release
surveys found witchweed on 10 previously released sites in Horry and Marion Counties, in
South Carolina. These infestations were treated with methyl bromide and are being closely
monitored and will be treated if witchweed appears again over the next 10 years.
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Table 6. Number of infested farms and fields with fewer than five points – by
county, December, 31, 2009

County Number of Farms Number of Fields Infested Acreage

Bladen 35 58 635.60

Cumberland 58 72 980.20

Pender 1 4 17.10

Robeson 30 40 452.10

Sampson 9 11 50.04

Totals = 133 185 2135.04

Figure 9. Witchweed Quarantine area in North Carolina based on infested farm
data from 2006.
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Figure 10. Witchweed Quarantine area in South Carolina based on infested
farm data from 2006.

From the earliest beginnings of the program in 1957 until the mid-1990s,
witchweed regulatory activities were a much bigger part of the eradication
program than they are today. This is primarily because of the great number
of infested fields that were involved. In addition, many more soil contact
commodities, such as sweet potatoes and watermelons, were grown and harvested
from infested fields in those early years than are grown today in infested fields.
The risk of spreading witchweed seeds on such commodities and equipment
requires that a strict set of handling and cleaning procedures be followed before
they can be certified for movement out of the quarantine area. Commodities other
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than corn are rarely grown in infested fields today. Nevertheless, certification
in the form of “Phytosanitary Certificates” is still required for movement of soil
contact articles such as hay or straw for roadside erosion control, or movement of
corn stover for use as livestock fodder. A total of 67 Phytosanitary Certificates
for movement of commodities out of the quarantine area were issued in 2007.
During 2008, a total of 97 phytosanitary certificates were issued for movement of
high risk articles out of the quarantine area in North Carolina and 119 were issued
in 2009. Due to the small number of infested fields in South Carolina, there has
not been a need to issue phytosanitary certificates there.

V. Current Status of the Witchweed Program

With continuing support from USDA APHIS, the NCDA Witchweed
Eradication Program currently has a staff of four full time Plant Pest Inspectors,
two full time Plant Pest Aides, and a half time Data Processing Assistant in North
Carolina. USDA APHIS maintains one full time Plant Protection and Quarantine
Officer, plus seasonal technicians in South Carolina. During the summer months,
up to 25 additional plant pest aides are employed to assist with survey and
treatment in both states.

Except for a slight increase in infested acres in 2008, the number of witchweed
infested acres has been decreasing over the past seven years. At the end of 2009,
there was a total of 2,135 acres infested in five counties in North Carolina, and
no acres infested in South Carolina. During 2009, 240 acres were released from
quarantine in North Carolina and 66 acres were released in South Carolina. The
net gain in eradicated acres (actual reduction of total acres infested) was 82 acres
in North Carolina, and 66 acres in South Carolina (now revised to account for 10
reinfested farms in 2010). Figure 11 shows the trend in decreasing infested acreage
from 2003 through 2009 (5).

VI. Future Outlook for the Witchweed Program

An analysis of fields not yet released (i.e. fields with less than 5 points) shows
that close to 1,000 acres should be released within the next few years. However,
an expected increase in corn acreage increases the probability of detecting newly
infested fields and reinfested fields that may have been idle for several years after
release or termination. Corn acreage in North Carolina increased from 790,000
planted acres in 2006 to 1,100,000 acres in 2007 and 830,000 acres in 2008. If
ethanol production from corn in North Carolina is of continuing interest in 2010,
corn acreage will likely remain at levels higher than in 2006 and it is possible
that new or reinfested fields will be detected. Therefore, detection and delimiting
surveys should be increased in the future to ensure that all infested fields are
detected and addressed.

Scheduling acres for fumigation continues to be a challenge since targeted
fumigation acreage must be coordinated with the plans of farm managers. The
challenge is to prepare fields after current crops are removed and treat when soils
are still at 50 degrees F or higher. Fields must also be treated with enough lead time
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Figure 11. Trend in witchweed infested acreage from 2003 through 2009.

before the planting of next year’s crops. Also, the application of all soil fumigants
after 2011 will require mandatory compliance with a number of additional use
requirements including, larger buffer zones, monitoring, documentation of soil
fumigation management plans and other stipulations that will exclude some fields
and significantly increase soil fumigation costs. Approximately 20 acres are
scheduled for soil fumigation during 2010.

The regulatory aspects of the Witchweed Eradication Program will always
present a challenge. Program inspectors must work closely with farm managers
on infested farms to ensure that soil-laden equipment is properly cleaned before
being moved from infested fields. In an effort to manage soil samples removed
from fields with less than 5 points (fields not yet released), NCDA Witchweed
Program Inspectors are workingwith farmmanagers to ensure that soil samples are
collected in color-coded boxes before they are sent to the NCDA&CS Agronomy
Services lab for analysis. This ensures that soil samples received from witchweed
infested property are properly handled and treated to ensure that any witchweed
seeds that may be present are devitalized.

As a backup to existing paper maps, GPS coordinates are being obtained for
all fields with less than 5 points. The availability of GPS coordinates will permit
the plotting of infested field locations and provide a start for more sophisticated
use of GIS tools in the future.

VII. Summary

With continued federal and state support, it is expected that witchweed
infested acres in the Carolinas will continue to decrease each year, especially
since there are over 1,000 acres that are close to accruing the 5 points that are
needed for release from quarantine. However, with more acreage currently being
planted with corn for ethanol production, there is a good chance that survey of
acres released over the past decade may reveal some infestations that would have
gone otherwise undetected. Once the last acres are released from quarantine, the
program will need continuing support to survey released fields for an additional
10 years to make sure that witchweed is finally eradicated from the Carolinas. At
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that point, fumigation with an approved soil sterilant will be the tool of choice for
eliminating any spot infestations that appear in the program area.
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Chapter 7

Invasive Plant Management in the United
States National Wildlife Refuge System

Michael Lusk*,1 and Jenny Ericson2

1Chassahowitzka National Wildlife Refuge Complex, Crystal River, Florida
2National Invasive Species Program, U.S. Fish and Wildlife Service,

Arlington, Virginia
*E-mail: Michael_Lusk@fws.gov

Invasive species pose a significant challenge to the National
Wildlife Refuge System and have been identified as the single
most important threat to habitat management on refuges. At
present, it is estimated that over 2 million acres of refuge
lands are invaded by invasive plants. The current and potential
costs of controlling invasive plants, as well as monitoring
and restoring refuge lands, are significant both financially
and ecologically. Budgetary expenditures for invasive species
projects in FY 2009 totaled $18.4 million. A number of
strategies are used to confront this threat and have resulted in
success on a variety of levels. The Refuge System utilizes key
partnerships, invasive species strike teams, and a dedicated
cadre of volunteers to implement projects that incorporate
mechanical, chemical and biological control methods.

I. Introduction

The U.S. Fish and Wildlife Service (USFWS) National Wildlife Refuge
System (NWRS) is a network of habitats that support a diversity of wildlife and
provide outstanding outdoor experiences for all Americans. The approximately
100 million acres of terrestrial lands and waters, plus 50 million acres of
marine resources in the Pacific, include 548 wildlife refuges, thousands of
waterfowl protection areas, and many special management areas, such as federally
designated wilderness areas and biosphere reserves. While the Refuge System

This chapter not subject to U.S. Copyright. Published 2011 by the American
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protects fish andwildlife and their habitats, it also provides opportunities for public
activities and uses. The Refuge System also manages for wildlife-dependent
recreation activities, protects historic sites, and supports scientific research. As
mandated under the National Wildlife Refuge System Improvement Act of 1997,
the six wildlife-dependent recreation activities include hunting, fishing, wildlife
observation, photography, environmental education, and interpretation (1).

A. Overview of the Invasive Plant Problem on U.S. National Wildlife Refuges

The USFWS manages invasive plants on National Wildlife Refuges because
these species have the potential to degrade habitats and in turn, affect the wildlife
that the Service is mandated to protect for the continuing benefit of the public.

Many of the invasive plants that are found on refuges are nonnative species
that were either intentionally or accidentally introduced into the United States.
Without their native predators and parasites, some introduced species are able to
outcompete, and sometimes totally replace native plants and animals. Invasive
plants such as kudzu [Pueraria montana (Lour.) Merr.] cause a number of
problems. Invasive plants:

- form monocultures that utilize the resources (nutrients, light, and water)
that native plant communities need to grow;

- change ecosystem processes such as fire frequency;
- hybridize with native species and cause a loss of genetic material;
- threaten agriculture and livestock; and,
- pose a threat to rare and endangered species.

However, not all non-native plants are invasive or cause problems. In fact,
most of our most widely used agricultural crops were introduced from other parts
of the world (e.g., wheat, rice, and potatoes). Depending on the land management
goals of a refuge, managers may work towards creating desired plant communities
which may include both native and non-native plants. However, NWRS policy
clearly states that primary management focus should be on maintaining and
restoring native ecosystems (2).

B. National Wildlife Refuge Acres Infested with Invasive Plants

Invasive species continue to be one of the greatest challenges for managers in
the NWRS. At the 2001 Conservation in Action Summit, invasive species received
twice as many votes as any other issue in the Wildlife and Habitat Challenges
section. When the Refuge System’s Threats and Conflicts Database was filled
out by managers in 2003, invasive species were the most frequently cited threat
to the Refuge System. Moreover, the results of a survey of refuge managers
published in 2008 indicate that invasive plants are the most common problem
affecting habitat trends on refuges. In the same survey, when refuge managers
were asked which management action had increased the most in cost from 2002
through 2007, invasive plant management was the number one reported action
(3). And, according to the 2009 Refuge Annual Performance Planning database
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(RAPP), the number of acres reported to be infested with invasive plants rose from
2.3 million acres in FY 2008 to 2.5 million acres in FY 2009. While the Refuge
System is committed to controlling and eradicating invaders, a total of 325,000
infested acres were treated in FY 2009 – a 2% reduction from FY 2008. On a
positive note, fewer invasive animal populations (3,894) were reported on refuge
lands in FY 2009 than in previous years (4,423 populations were reported in FY
2007) (4) (Figure 1).

Figure 1. Invasive plants on National Fish and Wildlife Service Refuges. Data
Source: Refuge Resource Management Information System and Refuge Annual

Performance Plan. (see color insert)

C. Costs Associated with Invasive Species Management on National Wildlife
Refuges

According to the Refuge System’s Activity Based Costing (ABC) accounting
system, refuges spent an estimated $18.4 million on invasive species management
activities in FY 2009 – up from $11.3 million that was spent in FY 2007. This
represents a 300% increase over the $6 million that was spent in FY 2004.

Beginning in FY 2009, the Refuge System designated a $1 million annual
fund to large projects that strive to eradicate an invasive species. This is a
significant commitment because these funds are meant to support projects that
aim to truly eradicate, rather than just control, a species in a given area. Projects
are selected through an internal competitive allocation process. In FY 2009, $1
million in funding was awarded to Palmyra Atoll in the Pacific for the eradication
of rats. And, in FY 2010, the funds were awarded to Humboldt Bay NWR for the
eradication of Denseflower cordgrass (Spartina densiflora Brongn). This strategy
represents a unique approach among federal land management agencies in dealing
with invasive species. In most cases, monies for addressing invasive species are
divided between several regions or geographic areas. As a result, many projects
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may be started, but few result in eradication of a targeted invasive species because
there is not enough money to complete the project. By dedicating a large sum
of money to one or two projects annually, this helps assure that a project can be
followed through to completion (Figure 2).

Figure 2. Cost of invasive species management on National Wildlife Refuges.
(see color insert)

II. Recent Invasive Species Management Projects

In FY 2009, the USFWS received $280 million from the American
Recovery and Reinvestment Act (ARRA). Numerous invasive species projects
were supported with these funds. In Alaska, where many invasive plants are
just beginning to invade, USFWS partnered with the Alaska Association of
Conservation Districts and other state groups to employ an early detection and
rapid response (EDRR) strategy to locate and control a number of new invasive
plant infestations. Target EDRR species included Common tansy (Tanacetum
vulgare L.), White sweetclover [Melilotus officinalis (L.) Lam.], and Spotted
knapweed (Centaurea stoebe L.).

In other states, such as Montana, North Dakota, Colorado, and Utah, youth
groups were employed to assist refuges with invasive plant control. For example,
at the Rocky Mountain Arsenal NWR, the Mile High Youth Corps invasive weed
removal crew surveyed 162 acres of habitat suspected of being infested with
houndstongue (Cynoglossum officinale L.) (Figure 3). In addition to handpulling
houndstongue they encountered, they also removed and chemically treated Scotch
thistle (Onopordum acanthium L.), Musk thistle (Carduus nutans L.), and mullein
(Verbascum thapsus L.). These invasive plants outcompete native species for
sunlight, nutrients, water, and space – and reduce the amount of foraging habitat
for wildlife.
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Figure 3. Removal of houndstongue from the Rocky Mountain Arsenal by the
Mile High Youth Corps Invasive Weed Removal Crew. All images by Michael

Lusk, FWS, unless otherwise noted. (see color insert)

A. Eradication of Rats on the Palmyra Atoll National Wildlife Refuge in
the Pacific

Recently, funding has been made available for large invasive species
eradication projects on refuge lands. In FY 2009, these funds were awarded
to Palmyra Atoll NWR for eradication of rats. Palmyra Atoll, a circular string
of 52 islets that is about 1,000 miles southwest of Hawaii, is home to over a
million birds of 29 species, including one of the largest Red-footed booby (Sula
sula L.) colonies in the world. (Palmyra Atoll NWR consists of about 680 acres
of above-water forest lands and 515,232 acres of submerged lands and open
water, including approximately 16,094 acres of coral reef habitat. It is the only
undeveloped and unpopulated wet atoll left in the tropical Pacific.) As the only
suitable nesting site in 450,000 square miles of the central Pacific Ocean, it is
critical foraging and breeding habitat for thousands of seabirds. Rats are known
to have a significant impact on seabird populations on the islands, and are thought
to be responsible for numerous extirpations and population declines. At Palmyra,
rats have been observed preying on seabird eggs, chicks, and adults. They also
directly compete with the birds and other native wildlife by eating insects and
other terrestrial invertebrates. The goal of the project is to totally eradicate them
from the island.

B. U.S. Fish and Wildlife Participation in the Federal/State Effort To
Eradicate the Gambian Pouched Rat from the Florida Keys

The Gambian pouched rat (Cricetomys gambianus Waterhouse), which
is native to Africa, is generally 20-35 inches long (50-87 cm), has a long
white-tipped tail, and weighs up to nine pounds (4 kg) (Figure 4). It was first
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introduced onto Grassy Key (a 1,500 acre island in the Florida Keys about 60
miles north of Key West) as an exotic pet in the late 1990s. The current breeding
population on the island descended from pet rats that escaped into the wild -
sometime between 1999-2001 (5–7).

Figure 4. Michael Lusk with a Gambian pouched rat on Grassy Key, Florida.
(see color insert)

If permitted to spread to the U.S. mainland via the Florida peninsula, this
rat would pose a serious threat to agriculture (especially fruit production), not to
mention native plants and animals. Without any native predators and parasites to
control their populations, Gambian pouched rats would outcompete native animals
for food, carry diseases, and damage native bird populations by eating their eggs.
Peterson et al. determined through computer modeling that the rat has a strong
potential to become established as an invasive species across much of the United
States (8). In 2007, the USFWS provided $120,000.00 to assist USDA APHIS
Wildlife Services in their efforts to eradicate the Gambian pouched rat fromGrassy
Key and Crawl Key, in the Florida Keys.

While the exotic rats have not invaded neighboring islands encompassing
National Key Deer Refuge, assisting APHIS in the effort will ultimately save
millions of dollars that will be needed to control them in the future. Since 2004,
when a breeding population of the rat was first documented on Grassy Key, the
USDA, USFWS, and the Florida Wildlife Commission have spent about $250,000
on the eradication effort.

Gambian giant pouched rats will be considered eradicated from Grassy
Key when intensive surveys do not detect the presence of rats for a minimum
of two years. At that point, periodic surveys will be conducted well into the
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future to ensure that no remnants of the population have gone undetected and
survived to breed. Areas with any detected rats will be targeted with intensive
control efforts (9). [Like many other invasive species, the Gambian pouched
rat does have beneficial characteristics that often complicate efforts to prevent
their spread. Their uses in Africa to detect landmines in crop fields, and to
detect the tuberculosis bacterium in human saliva, are two examples. Due to
their keen sense of smell, Gambian pouched rats are trained from an early age
to associate the smell of explosives with a food reward, such as a banana or a
peanut. When an area has been swept, a team with metal detectors is used to
detonate live mines that are detected by the rats. Gambian Pouched Rats are also
being trained to detect the Tuberculosis Bacterium (Mycobacterium tuberculosis
Zopf, http://en.wikipedia.org/wiki/Mycobacterium_tuberculosis) in human saliva.
Since Tuberculosis is responsible for 1.7 million deaths annually, and with 9.2
million new cases each year, mainly in poor countries, the rats could help with
early detection and treatment of this deadly disease (10)].

Another reason for concern about this large African rodent is that it is believed
to be a contributing factor in the current outbreak of monkeypox in the United
States. In 2003, the Centers for Disease Control (CDC) and the Federal Drug
Administration (FDA) issued an order preventing the importation and sale of this
and a number of other rodent species following reported outbreaks of the disease
that were traced to a shipment of rodents that were imported from Ghana by a
Texas animal distributor. In September 2008, the FDA and the CDC lifted the
ban on pouched rats as pets in the United States. However, they are still illegal to
import from other countries (10).

C. Removal of Saltcedar at Muleshoe NWR in West Texas

Since 2003, the staff at Muleshoe NWR on the high plains in west Texas has
been working to control saltcedar (Tamarix ramosissima Ledeb.) around the lakes
on the refuge (Figure 5). The biggest challenge has been getting access to the
shoreline when the winds are favorable for foliar herbicide applications. However,
recent improvements in herbicides and equipment, combined with persistent
control efforts and follow up monitoring, have paid off in habitat improvements,
benefiting shorebirds, waterfowl, Sandhill cranes (Grus canadensis L.), and
prairie chickens. Paul’s Lake, which is one of the lakes on the refuge, used to
dry up every summer. But with the removal of saltcedar, the spring-fed playa
now provides open water habitat all year long. In conjunction with this effort, a
Partners for Fish & Wildlife program has been working to control saltcedar on
neighboring private lands, thereby removing seed sources from the local playa
lake watershed.
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Figure 5. FWS staff treating saltcedar at the Muleshoe National Wildlfe Refuge
in West Texas. (see color insert)

D. Controlling Purple Loosestrife on the Montezuma NWR with Biological
Control Agents

In 1951, there were sparse stands of Purple loosestrife (Lythrum salicaria L.)
on the Montezuma NWR, which is located at the north end of Cayuga Lake in the
Finger Lakes Region of New York State. By 1980, this introduced invader from
Europe had covered 1,500 acres of the refuge’s 3,200 acres of wetlands (Figure 6).
This prevented FWS staff from lowering water levels in the refuge pools to expose
mudflats that are crucial habitat for migratory shorebirds. In 1996, a biological
control program utilizing introduced beetles and weevils that feed exclusively on
purple loosestrife was initiated. As a result of the program, purple loosestrife now
grows on less than 10% of refuge wetlands, and allows refuge staff to manage the
wetlands for migratory birds and other wildlife.

Figure 6. Purple loosestrife crowding out native wildflowers
in a field at the Montezuma National Wildlife Refuge. URL:
http://www.pixdatabase.com/photo/494/ (see color insert)
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III. FWS Invasive Species Strike Teams – Mobile Response
Units

The USFWS Invasive Species Strike Teams (ISST) are mobile response units
that are designed for rapid response and eradication of new weed infestations on
FWS refuges. There are currently five Strike Teams in the Refuge System. The
teams are based in Hawaii and the Pacific Islands (Region 1); Arizona and New
Mexico (Region 2); south Florida (Region 4); the upper Missouri/Yellowstone/
upper Columbia River basins (Region 6); and North Dakota (Region 6). Table 1
summarizes ISST activities in FY 2007.

Table 1. Activities of FWS Invasive Species Strike Teams in 2007

ISST Operational Areas Acres
Treated

Acres
Surveyed

FY07
Allocation

Pacific Islands 270 252 $490,036

Arizona and New Mexico 398 Not
Applicable

$520,759

South Florida 13,751 Not
Applicable

$409,257

Missouri, Yellowstone, and Upper
Columbia River Basins

10,310 27,000 $409,257

North Dakota 25,228 55,140 $490,036

IV. The Role of Volunteers in Combating Invasive Species on
FWS Refuges

Volunteers play a vital role in efforts to combat invasive species on the
nation’s wildlife refuges. The Volunteer and Invasives Program (VIP) is funded
by a special Congressional appropriation that is received annually. FWS partners
in the effort include the National Wildlife Refuge Association (NWRA), The
Nature Conservancy (TNC), and the USGS National Institute of Invasive Species
Science, which is based in Ft. Collins, Colorado. Volunteers assist with all
aspects of the USFWS Invasive Plant Management Program. They map invasive
plants with GPS units, enter data into computers, manually pull invasive plants,
release biocontrol agents, apply herbicides, help to restore native habitat, and
help to educate the public about the problem. Without volunteers, much of the
invasive plant work that is accomplished in the USFWS Refuge System would
not be possible.

A. Accomplishments of the FWS Volunteer and Invasives Programs

The NWRS Invasives & Volunteers Program continues to engage large
numbers of volunteers in invasive species management activities on refuge lands
across the country. Beginning in FY2010, management of this program will shift
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from the national office to the NWRS regional offices. Since 2005, more than
5,600 volunteers have contributed 86,800 hours to the treatment, inventory, and
restoration of over 415,000 acres of refuge land.

As one successful example of volunteer partnerships, funding from the
program has enabled Boy Scout Troop 224 of Willmar, MN, to assist staff at the
NWRS Weber Waterfowl Production Area with the removal of invasive woody
vegetation (Figure 7). Invasive plants, such as European buckthorn (Rhamnus
cathartica L.) degrade grassland and oak savanna habitat for migratory birds that
depend on these habitat types. Using loppers and handsaws, the Scouts cut back
invasive plants and FWS staff members treat the stumps with an herbicide. After
removal of the vegetation, more than 50 species of native plants are seeded and
planted. So far, over 800 hours of volunteer service have been provided by the
Scouts on 115 acres at the Weber Waterfowl Production Area since 2007.

Figure 7. Removal of European buckthorn from the Weber Waterfowl Production
Area near Willmar, Minnesota, by Boy Scout Troop 224. (see color insert)

V. Summary

The National Wildlife Refuge System manages the largest network of public
lands and waters set aside primarily for the benefit of wildlife in North America.
Invasive plants and animals have repeatedly risen to the forefront as being the
greatest threat to wildlife habitat and one of the leading drains on management
budgets within this national system of lands and waters. Every year, a greater
percentage of base budgets is used by field stations to combat invasive species.
To address the threat of invasive plants and animals, and protect the natural
biodiversity under its charge, the NWRS has pursued a variety of innovative
approaches. The NWRS has made the unusual move to commit a large sum of
money, $1 million annually, to one or two large projects, rather than dividing
it up among many small projects. This results in projects that are actually able
to achieve eradication or significant control, whereas this would not be possible
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under the routine system of dividing funds among many small projects. Several
recent projects have focused on eradicating invasive animals, such as removal of
rats from Rat Island in Alaska and Gambian pouched rats in Florida. Investing
up-front in total eradication of a species lowers long-term costs by eliminating the
need for control in the future. To vigorously respond to incipient infestations of
invasive plants, the NWRS adopted the mobile Strike Team approach pioneered
by the National Park Service, which was in turn based upon “hot shot” fire
crews. In the long term, funding is saved by investing in control up-front,
before the infestations grow out of hand. The NWRS has also been a leader in
recruiting volunteers specifically to help with invasive species projects. Through
providing funds targeted at invasive species projects, the NWRS has encouraged
a tremendous response in local communities. These projects not only provide a
great deal of free labor for the refuge, but also help to educate the public on the
threat of invasive species to their local native ecosystems.
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Chapter 8

USDA Forest Service National Strategy and
Implementation Plan for Invasive Species

Management

Michael Ielmini*

USDA Forest Service, National Forest System, Washington, DC
*E-mail: mielmini@fs.fed.us

The Chief of the Forest Service has identified invasive species
as one of the top four threats to our Nation’s forest and rangeland
ecosystems. In response, the agency is taking a leadership
role to “raise the bar” for increased action against this national
and global threat, beginning by taking a strategic approach
with one focused goal: “To reduce, minimize, or eliminate the
potential for introduction, establishment, spread, and impact
of invasive species across all landscapes and ownerships”.
The release of the USDA Forest Service National Strategy and
Implementation Plan for Invasive Species Management was
a major step forward in reaching this goal, and will guide the
agency as it builds capacity to strategically and effectively
meet the invasive species challenge in collaboration with other
partners. The National Strategy and Implementation Plan is
built around four program elements. This includes prevention,
early detection and rapid response, control and management,
and rehabilitation and restoration. Each program element
includes a description of success, achievable accountability
measures, and prioritized strategic actions that are specific
and achievable steps to reach the stated goal. The Strategy
also contains guidance related to four common themes. This
includes Partnerships and Collaboration; Scientific Basis
(scientific information, assessment and monitoring, and
prioritization), Communication and Education, and Organizing
for Success (incorporating the themes of improving capacity,

This chapter not subject to U.S. Copyright. Published 2011 by the American
Chemical Society
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procedural streamlining, and funding flexibility with long-term
commitment).

I. Introduction

Invasive species have been compared to a “wildfire in slow motion.”
Thousands of invasive nonnative plants, insects, fish, mollusks, crustaceans,
pathogens, mammals, birds, reptiles, and amphibians have infested hundreds
of millions of acres of lands and waters across the Nation, causing massive
disruption in ecosystem function, reducing biodiversity, and degrading ecosystem
health in our forests, prairies, mountains, wetlands, rivers, and oceans. Invasive
species not only affect the health of America’s forests and rangelands, but also
the health of wildlife, livestock, fish, and humans.

Where technology cannot prevent or eradicate invasive species, our options
for restoring native communities and ecosystems lessen, and our ability to sustain
ecosystems for the public in the future is diminished. Invasive species are not new
to the country; however, the invasive species problem is expanding rapidly owing
to the increased variety of nonnative invasive species and infestation “pathways.”
Global trade has increased the opportunities for insects, plants, and diseases to
cross continental and geographic boundaries like never before. A second factor
is that natural controlling processes and limiting factors that kept species in
check in their native ecosystems are not present in their “new homes,” and their
populations can sometimes flourish and begin to spread. Invasive species are
often able to outcompete native species, especially when ecosystem health is
stressed by factors such as drought, fire, pollution, over-utilization of resources,
or increases in unmitigated disturbances.

In many cases, there is inadequate knowledge about how non-native species
function in their new environment, which significantly undermines our ability
to detect and eradicate new or small infestations. In addition, ongoing control
efforts are further complicated by the lack of an effective national early warning
and rapid response system. Finally, there is a paucity of environmentally safe
and effective techniques that limit impact on non-target areas and sensitive native
species. Control efforts can be further hampered when working across multiple
political jurisdictions and ownerships such as in metropolitan and on private lands.
Rehabilitation and restoration efforts also require new and expanded sources of
native plant materials.

In 2003, Chief Dale Bosworth articulated a clear vision of the path that the
Forest Service needs to take in addressing exotic invaders. In simple terms, the
agency needs to:

1) prevent the introduction of new invasive species onto Forest Service
lands;

2) detect and eradicate new invaders before they become established and
begin to spread;

3) contain and control established infestations ; and
4) restore invaded habitats to a balanced state.
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The long term goal is to reduce the invasive species problem on Forest Service
lands to manageable/livable levels.

Forest Service administrators know it is impractical to eliminate all invasive
species from the country, any more than fire can be totally prevented in an
ecosystem. But administrators expect the agency to develop a long term approach
to break the strangle-hold of invasive species on Forest Service lands. Thus, the
charge to the Forest Service was given, and the battle against invasive species
became part of the agency’s Top 4 Threats Campaign, along withWildfire/Fuels,
Forest Fragmentation/Urban Sprawl, and Impacts from Unmanaged Recreation.

Elevating invasive species management as a priority natural resource
management issue was unprecedented across land management agencies in the
U.S. Department of Agriculture or the U.S. Department of the Interior. This
major re-focus of Forest Service priorities shook the 100-year-old organization.
In addition, the program includes all types of terrestrial and aquatic invasive
species threats, from pathogens and invertebrates, to plants and animals. Building
an effective program against invasive species will require significantly different
approaches and coordination activities across the agency, while taking advantage
of current agency capabilities, strengths, and infrastructure. Further complicating
the process is the fact that new funding for domestic natural resource issues
is already limited, and the Forest Service is receiving projections for even
larger program reductions. Needless to say, improving program efficiency and
accelerating action against invasive species are both critical for long term program
success.

II. Role of the Forest Service in the National Invasive Species
Effort

The Forest Service has some unique characteristics that will allow it to
play a major role in the fight against invasive species. To begin with, it has
authority to directly manage 192 million acres of national forests and grasslands
(approximately 9% of total acres in the United States). The agency also has the
responsibility and authority to provide technical and financial assistance for all
of the nation’s 731 million acres of forest lands including urban forests; state,
private, and tribal forest lands; and forested lands managed by other federal
agencies (35% of total acres in the United States).

The Forest Service is recognized internationally for its land management
and research expertise. It has thousands of specialists including 150 forest
entomologists, forest pathologists, botanists, and ecologists as well as over
500 research scientists. Forest Service Technology Centers specialize in the
development and application of the latest in technology. The Forest Service
also conducts research, scientific collaboration, and review to ensure a scientific
foundation that fills priority information gaps. Staffs also include experts in
public communication, legislative affairs, and technology transfer and education.

The National Forest System extends across the United States from Alaska
and Hawaii to the Caribbean and New England. National forests and grasslands
are found in 44 states, Puerto Rico, and the Pacific Island territories, with
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offices in over 650 communities nationwide. As a result, the Forest Service has
established relationships in thousands of communities across the country. It has
working relationships with all other federal agencies that are involved in invasive
species activities, including the Animal and Plant Health Inspection Service
(APHIS), as well as all leading national and international organizations that focus
on invasive species. It also has ongoing partnerships with all of the state and
territorial agencies with responsibility for invasive species; and has a long history
of providing financial assistance to states and territories for dealing with natural
resource problems. Finally, the Forest Service has formal working relationships
with most major colleges and universities, and with a number of forest protection
agencies in other countries. As a result of our authorities, expertise, relationships,
and presence, the Forest Service is uniquely positioned to be a leader in the fight
against invasive species.

III. Strategic Approaches for Addressing Invasive Species on
Forest System Lands

Soon after the Chief called for action against invasive species, a
multidisciplinary team of specialists, program leaders, managers, and researchers
was established to lead an effort to develop a national agency-wide strategy to
address invasive species issues. From a design standpoint, the development of a
strategic approach became the foundation on which all invasive species work in
the agency would be built. This strategic foundation focused on a single goal:
“To reduce, minimize, or eliminate the potential for introduction, establishment,
spread, and impact of invasive species across all landscapes and ownerships.”
The national strategy for invasive species management was not designed to serve
as a comprehensive, all-encompassing strategy or a listing of all the things the
Forest Service needs to do to combat invasive species. Instead it was intended
to identify a strategic direction for Forest Service programs spanning Research,
International Programs, State and Private Forestry, and the National Forest
System program areas of the Forest Service. It identified a number of strategic
actions to help the Forest Service reach its goals related to invasive species.

The team identified the role of the Forest Service as a leading forest research,
forest health, and federal resource management agency and evaluated the agency’s
abilities to address the invasive species problem in collaboration with its partners.
The team highlighted the Forest Service’s significant role in collaboratively
addressing invasive species threats at the local, state, and national levels as well
as internationally, and noted that the best chance for success would come from
working strategically and collaboratively to use all of the agency’s scientific,
management, and partnership resources in unison.

The information compiled by the team was used to develop guidance for
Forest Service programs to implement a more effective approach to address
the invasive species problem, in support of the agency’s stewardship mission
and the implementation of the Invasive Species Executive Order 13112. The
strategic approach developed by the team was divided into two major parts,
including approaches for addressing invasive species, and the capacity-building

84

  P
ub

lic
at

io
n 

D
at

e 
(W

eb
):

 S
ep

te
m

be
r 

15
, 2

01
1 

| d
oi

: 1
0.

10
21

/b
k-

20
11

-1
07

3.
ch

00
8

In Invasive Plant Management Issues and Challenges in the United States: 2011 Overview; Westbrooks, R., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 2011. 



activities that would be required to be effective in utilizing those approaches.
These approaches center around four major activity categories, termed “Program
Elements”, that are designed to effectively address invasive species threats at all
levels. These include:

− Prevention—Keep invasive species out.
− Early Detection and Rapid Response—Detect and eradicate incipient

infestations of new invasive species.
− Control and Management—Suppress and contain infestations of

widespread invaders.
− Rehabilitation and Restoration—Heal, minimize, or reverse the effects

from invasive species.

These four program elements also reflect the priority areas of emphasis
identified in the National Invasive Species Management Plan of 2001 issued
by the National Invasive Species Council. These Forest Service approaches to
addressing invasive species are also linked to the Forest Service Strategic Plan,
and addressed each of the Chief’s Four Threats either directly or indirectly.

IV. Guiding Principles and Common Themes

Interwoven with the program elements in the Forest Service strategy against
invasive species is the need to: 1) use a science-based prioritization of invasive
species problems in all programs, 2) enhance collaboration on the solutions
to those problems, and 3) establish an improved system of accountability
agency-wide that ensures the most efficient use of limited resources at all levels
of the organization. Although the national strategy was developed from existing
field information, policies, and authorities from Forest Service program areas, the
team also identified gaps in (among other things) policy, research, and field-level
operational capacity.

The Forest Service’s ability to implement the four program elements identified
for the national strategy in a proactive, holistic, collaborative, and adaptive manner
is dependent on the agency and its partners having the capability and sufficient
knowledge for invasive species management. The national strategy development
team determined that the keys to enhancing this capability should be grouped into
four categories, including: (1) partnerships and collaboration, (2) a scientific basis,
(3) communication and education, and (4) organizing for success.

A. Partnerships and Collaboration

Collaboration is an important overarching need in all the national strategy
elements. Forest Service invasive species management activities need to be
coordinated at all levels of the organization and across all programs. Collaboration
also extends outside the agency to the broader federal family, state and local
governments, tribal interests, non-governmental organizations and others in
the private sector, and international stakeholders. Collaboration also implies
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cooperating across ownerships, state lines, and political jurisdictions. Examples
of some opportunities include coordination with native plant species groups or
invasive plant coalitions, aquatic nuisance species organizations, pest advisory
groups, international agencies, and invasive insect and pathogen coalitions. In
support of the National Strategy, the Forest Service plans to expand partnership
development with non-traditional organizations and increase national cooperation
and coordination with environmental groups, recreational groups, and industry.
The Forest Service will also facilitate the establishment of cooperative invasive
species management areas, participate in research activities, and design recreation
and management programs that do not increase the threats and impacts of invasive
species.

B. A Scientific Basis

Based on research and used in conjunction with other socioeconomic
considerations, scientific information is a foundation for not only for determining
actions appropriate to achieving the desired result, but also for prioritizing those
actions as well.

Incorporate Scientific Information

The national strategy guides the Forest Service to conduct appropriate
research and development activities to ensure management programs are effective
and science based. Sound scientific information is critical in guiding management
activities, determining the magnitude of invasive species problems, planning
future research and management programs, and improving intervention efforts.
Where technology or knowledge gaps occur, the extensive and diverse research
and technology of the Forest Service and other entities can serve a vital role
in developing new techniques and obtaining up-to-date information to achieve
comprehensive invasive species management goals. Collaborative partnerships
with universities, States, other agencies, and the private sector can be the
foundation of invasive species science and technology programs.

Assess and Monitor for Success

The current invasive species monitoring and inventory systems need to be
improved through research and expanded to provide an adequate baseline of
infested forest and grassland acres. These systems will also enable the Forest
Service to adjust, if needed, the prioritizations of actions, targeted species, and
methods and to modify activities contributing to the invasive species spread.
Measuring performance and reporting accomplishments will be managed through
existing networks with emphasis on cross-program reporting requirements.
Monitoring for prevention and early detection of invasive species in urban areas
is one of the first lines of defense in protecting all lands, including forests and
rangelands. The massive amount of diverse information requires the agency to
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improve its data management systems and increase its networking capacity with
the external data sources of its partners. Such a system will build on existing
databases of inventory and monitoring information and link to protocols, models,
assessments, and analysis results.

Prioritize

The national strategy calls for a prioritization of programmatic and
species-specific activities in order for the Forest Service to effectively use its
limited resources. Prioritization of activities must be a dynamic and flexible
process that enables decisions to be made by using the best available scientific
information. Risk assessments will be used to set priorities. Priority setting will
occur at different hierarchical levels (for example, spatial, agency, taxonomic) as
appropriate. Priorities should be set at the lowest level practical to ensure that
the appropriate result is achieved on the ground. Generally, the Forest Service
will prioritize activities by focusing on highly productive and efficient elements
first, such as prevention or early detection/rapid response (EDRR); for example,
treating “outliers” may be a productive strategy. When setting priorities; species
characteristics; infestation consequences; and the availability, feasibility, and
likelihood of success of treatment versus non-treatment must all be considered.
Developing risk assessment models can help achieve consistency in prioritization
among landowners and invasive species managers.

C. Communication and Education

An important factor that spanned all program elements in the national strategy
is the need to clearly communicate information and ensure that it is understood.
It is important for the public to develop an understanding of the magnitude
and urgency of the invasive species problem. Education, communication, and
interpretation programs can help to engage the public in preventing, detecting,
and controlling invasive species. They also provide a means for gathering public
input on agency program plans, and help to promote and implement partnerships
with other organizations. Internal communication will raise awareness of the
problem among Forest Service employees and help them incorporate practices
that are sensitive to invasive species control efforts into their day-to-day activities.
Communication with other agencies will foster relationships and partnerships.

D. Organizing for Success

Although the Forest Service has an organizational foundation for
implementing the national strategy, several factors could enhance its ability to
succeed.
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Improving Capacity

In all aspects of the strategy, the Forest Service can increase effectiveness by
building on its existing efforts and those of its partners in invasive species research
and management. It is important to assess existing efforts to determine where
additional effort is needed. The Forest Service can increase capability by working
with partners that have the needed expertise, training current employees to expand
their expertise, enlisting the help of all employees in their daily activities, eliciting
volunteer assistance, and hiring new employees with the requisite expertise. In the
Forest Service, making invasive species management a part of the agency’s day-to-
day activities could be facilitated through appropriate agency policy, guidance, and
direction, including manuals, handbooks, and technical guides. This plan includes
appropriate forest plan direction, best management practices, contract and permit
language, and terms and conditions for issued authorizations.

Procedural Streamlining and Improvement

Under law and policy, the agency is responsible for proper planning and
analysis of potential impacts before taking action. As with wildfire situations,
however, the Forest Service needs to be able to respond quickly to prevent
new invasive species populations from becoming established or to capitalize on
opportunities to be more effective in the future. This rapid response needs to
occur without violating legal mandates or public trust. The national strategy calls
for identifying opportunities in advance and developing guidance and policy to
improve agency effectiveness and reduce the time required for adequate planning
and project analysis.

Funding Flexibility and Long-Term Commitment

Without a flexible, functioning, and responsive budget structure and
associated funding mechanisms, the strategic approaches and activities in
each program element may not provide the means to achieve Forest Service
goals related to invasive species management. In many cases, several years
of monitoring may be required to detect sufficient trends in species spread to
characterize risks and threats. In the meantime, new invasive species may be
detected that have characteristics that may make them a higher priority for
treatment. Flexibility in funding, staffing, and program direction will allow a
shift in focus as required. Invasive species management and research efforts
operate on long timeframes. Research on control methods, for example, requires
several years before protocols can be designed and tested to ensure effectiveness.
Prevention and early detection require continued vigilance, and control efforts
require persistent efforts to achieve success. Long-term funding support requires a
commitment to the program internally and externally and may also require budget
process and structure changes that allow and secure multi-year and continuing
funding.

88

  P
ub

lic
at

io
n 

D
at

e 
(W

eb
):

 S
ep

te
m

be
r 

15
, 2

01
1 

| d
oi

: 1
0.

10
21

/b
k-

20
11

-1
07

3.
ch

00
8

In Invasive Plant Management Issues and Challenges in the United States: 2011 Overview; Westbrooks, R., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 2011. 



E. Program Performance

One of the most important aspects of developing the guidance and strategic
approaches against invasive species through the program elements is to describe
what success would look like. Having a performance target is critical in
helping program managers measure their effectiveness. At the behest of the
National Forest System division of the agency, the team established a set of
interim performance measures (“Accomplishment Measures”) to accompany
each of these targets (“Description of Success”). This coupling of actions and
performance will ultimately support significant changes being recommended by
the Office of Management and Budget with respect to agency-wide performance
and accountability.

F. Program Elements

Element 1: Prevention

The most effective strategy against invasive species is to prevent them from
being introduced and established. Preventative measures typically offer the most
cost-effective means to minimize or eliminate impacts. Prevention relies on a
diverse set of tools and methods, including education. The Forest Service has a
wealth of experience and skills within its own organization in addition to those
available through numerous collaborators. As an agency capable of working
across the landscape and with international partners, the Forest Service occupies
a solid position to lead efforts to prevent potential invaders. As discussed above,
the “Description of Success” for the Prevention element was developed for the
national strategy as: “New introductions of invasive species are prevented and
infestations of established invasive species are contained”. This target is a vital
component for measuring invasive species prevention effectiveness.

In developing the National Strategy, Forest Service invasive species
prevention activities were compiled from all levels of the organization and across
all programs. A sub-set of these activities was included in the National Strategy
to help describe the breadth of work that is underway and capacity that is already
in place. In addition to describing what is already underway across the agency,
the national strategy provides the agency with a set of priority short-term and
long-term (Strategic) actions associated with prevention activities.

Element 2: Early Detection and Rapid Response

Sometimes considered the “second line of defense” behind prevention, early
detection rapid response (EDRR) has been identified as a critical component
of any strong invasive species management program. The National Strategy
provides guidance for developing EDRR capacity across the National Forest
System. When new invasive species are detected, a quick and coordinated
containment and eradication response is necessary to reduce environmental
and economic impacts and result in lower cost and less resource damage than
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implementing a long-term control program after the species is established. Early
detection of new infestations requires vigilance and regular monitoring of the
managed area and surrounding ecosystem. The Forest Service is well suited to
improve its early detection capabilities through the collaborative and coordinated
efforts of numerous agency programs, our field offices, and our partners.

Successful EDRR activities require both the capacity to swiftly detect and
respond to invasive species threats. The description of success for the EDRR
program element was developed as: “New occurrences of targeted invasive species
are detected and eliminated before establishment and spread”.

As with the prevention element, Forest Service invasive species EDRR
activities were compiled from all levels of the organization and across all
programs. A sub-set of those activities was included in the National Strategy to
help describe the breadth of work that is underway, the capacity that is already in
place, and to help highlight program gaps for EDRR. As an attempt to fill some
of those gaps in Forest Service EDRR capabilities, a set of priority short-term and
long-term (strategic) actions associated with EDRR in the national strategy was
identified.

Element 3: Control and Management

When invasive species become established as free-living populations in an
ecosystem, a strategic approach for control is required to minimize their impacts
or reduce their spread. Effective control relies on a clear understanding of the
target species including its biology and associated pathways. It also relies on
persistent follow-through. The National Strategy stressed that Forest Service
control and management activities should be founded upon integrated pest
management principles that may include any combination of physical/mechanical,
biological, cultural, and chemical techniques. This integrated approach also
includes assessments of risk, identification of thresholds for action, and planning
to reach the most desired outcome. Forest Service control and management
activities against invasive species are considered successful when: “Existing
infestations of targeted species are eradicated, controlled (ongoing suppression),
or contained (outlying infestations are eradicated). New infestations of targeted
species are eradicated.” The national strategy team recognized that the bar is
being set high in this program element, but concluded that this will help advance
the priority of invasive species and challenge agency employees to a higher
standard. Priority short- and long-term (strategic) actions to help achieve this end
for control and management were identified in the national strategy.

Element 4: Rehabilitation and Restoration

Rehabilitation is needed to respond to the effects of disturbances, and
restoration is needed to move previously invaded areas toward our desired
conditions. This element in the invasive species program provides a vital
foundation for sound management of invasive species invading terrestrial or
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aquatic ecosystems. This element includes actions that are both proactive and
reactive in practice. Rehabilitation and restoration of previously invaded areas
should be conducted to establish conditions that could strengthen ecosystem
resistance to reinvasion or to invasion from a different species. Because each
invasion characteristic is unique, specific restoration and rehabilitation programs
need to be designed at the appropriate level. Success is defined as: Ecosystems
impacted by invasive species have been effectively restored or rehabilitated to
desired conditions and to conditions that reduce vulnerability to invasion or
reinvasion by invasive species.”

The Forest Service has experience in conducting rehabilitation and restoration
programs from the project level to an eco-regional scale, addressing effects of
disturbance from a variety of sources to restore ecosystem sustainability. In
addition to this experience, the Forest Service pools its expertise with that of
its partners in many rehabilitation and restoration efforts. A subset of activities
related to restoration and rehabilitation against invasive species was included
in the national strategy, and used to promote these practices and help identify
additional actions needed. Both short-term and long-term (strategic) actions
related to this program element were identified in the national strategy.

V. Priority Actions Associated with Themes Common to All
Program Elements

●Work internally and externally to identify budget and capacity to implement
the national strategy.

●Establish multidisciplinary (for example, wildlife biologists, forest health
protection specialists, botanists, forest and rangeland staff, researchers, engineers,
ecologists, and hydrologists) invasive species management coordination teams in
each region/station to implement the national strategy and implementation plan.

●For all program areas of the Forest Service, develop a comprehensive
invasive species policy that incorporates the National Fire Plan and Healthy Forest
Restoration Act as they relate to invasive species and that provides guidance for
incorporating related desired conditions, goals, and objectives into forest plan
revisions.

●Pursue using the National Environmental Policy Act categorical exclusions
and emergency authorities to ensure that environmental analysis does not inhibit
environmentally sound rapid response or control efforts.

●Update, revise, and enhance the Forest Service’s invasive species Web site
to serve as a comprehensive internal and external communication tool.

●Work with partners to accomplish these tasks:

− Develop a targeted marketing strategy to achieve public awareness of
invasive species and understanding of the role citizens can play in all
program elements.

− Complete the invasive species best management practices video series
and handbook.
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− Expand quarantine facilities for plant, insect, and pathogen control
research.

− Increase availability of taxonomists to identify new invasive species.

●Host national Forest Service invasive species conferences to improve
coordination and collaboration among managers, researchers, and partners.

●Work with other agencies, such as Economic Research Service, to expand
economic impact assessments for priority invasive species.

●Develop standard invasive species prevention language for use in contracts,
permits, and closure orders.

●Ensure that national and regional programmatic performance measures
correlate directly with the Forest Service Strategic Plan and track activities to
achieve the goal in the national invasive species strategy.

●Work with agencies and partners to develop common, agreed-upon, and
desired conditions in priority areas; reference points characterizing existing
conditions/trends; and performance measures that use sustainability criteria
and indicators that link to desired conditions and multi-scale monitoring efforts
designed to gauge progress and help focus scarce resources to highest priority
areas.

VI. Summary

The National Strategy and the proposed actions described in it are guiding
Forest Service programs to employ an effective, integrated, comprehensive,
and science-based approach for addressing the invasive species problem. The
National Strategy focuses on developing priority operational activities supported
by scientific research to achieve results on the ground against the invasive species
threat. By effectively executing this strategy, the Forest Service is fulfilling its
commitment to protect the Nation’s forest and rangeland ecosystems. In the
process of fully executing this strategy, the agency will monitor its progress and
make the appropriate corrections on its course in the future. The full content of
the National Strategy and Implementation Plan can be viewed on-line at http://
www.fs.fed.us/invasivespecies/documents/Final_National_Strategy_100804.pdf.

Note: Since the completion of the Forest Service “National Strategy and
Implementation Plan” in 2004, and this presentation in 2005, the Forest Service has
successfully implemented over 80% of its top priority actions, and has completed a
satisfactory Program Assessment Rating review by the Office of Management and
Budget of its program performance effectiveness. The Forest Service continues
to identify opportunities for program improvement at all levels, and uses program
performance as one of the criteria for the annual budget allocation process to the
National Forest System.
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Chapter 9

Roadsides – Front Yard of the Nation

Bonnie Harper-Lore*

Federal Highway Administration, Minnetonka, MN (Retired)
*E-mail: bonnielore@comcast.net

European settlers in early America adopted a standard of
landscape management that works well in formal gardens,
but is not well suited for wide open spaces or expansive
highway corridors. In a never ending effort to push back the
sea of wilderness that surrounded their towns and farmers,
early Americans established and maintained well-groomed
landscapes wherever they settled. Roadsides – Our Nation’s
Front Yards, a book that was published by J.M. Bennett in
1936, extended this public expectation for manicured spaces
to public roadsides. This view and the need for safety and
visibility secured mowing as the primary method of choice for
roadside vegetation management across America for several
decades. Over the past 60+ years, chemical control, prescribed
burning, biological control, grazing with sheep and goats,
and re-establishment of native grasses were added to the
roadside management tool box. Through the years, a number
of constraints to roadside vegetation management have been
identified. These include inconsistent terminology, a lack of
expertise at the local level, a lack of public awareness, safety
practices that conflict with effective vegetation management
practices, erosion control requirements that led to planting
of weed infested seed mixes, and climate change. In recent
years, these challenges have been addressed in some areas by
the formation of interagency weed management areas, such as
the Greater Yellowstone Weed Coordinating Committee. Such
interagency partnerships allow land management agencies
and organizations in a defined area to cooperate in controlling
invasive plants that spread across the local landscape without
consideration for political boundaries. Managing vegetation

This chapter not subject to U.S. Copyright. Published 2011 by the American
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along roads and highways that pass through and connect
different communities is the first line of defense in making
sure that invasive plants are not spread across the landscape of
America.

I. Introduction
There is no public record of settlers crossing the American landscape and

stopping to pull weeds or mow the westward trails. Diverse and practical native
vegetation already existed all along the way. When those trails became roadways,
no seeding or planting was done either. The adjacent grasslands provided native
flowers and grass seed with the changing seasons. Soils bared by construction
quickly healed without human intervention. Now, just a few hundred years later,
each time soils are disturbed, roadside vegetation must be planned, planted, and
maintained. If not, little by little, invasive plants that our ancestors introduced
would cover the road shoulders and spread out into the lands they traverse.

II. Public Expectations – Manicured Roadsides
European settlers in early America adopted a standard of landscape care that

works well in formal gardens, but is not necessarily well suited to wide-open
spaces or expansive highway corridors. In a never ending effort to push back
the sea of wilderness that surrounded their towns and farms, they established and
maintained well-groomed front yards wherever they settled. Roadsides – Our
Nation’s Front Yards, by J. M. Bennett, was published in 1936. The title of the
book – which has become the defacto unwritten roadside vegetation management
policy across the country, was likely influenced by this ingrained penchant for
an orderly environment and manicured spaces. Although engineer Bennett clearly
advocated a natural approach to roadside vegetationmanagement, it was the title of
his book that stuck in decision-makers’ minds (1). Managers came to believe that
the public expected manicured roadsides (Figure 1). This view and the need for
safety and visibility secured mowing as the primary method of choice for roadside
care coast to coast for several decades.

III. The Ever-Changing Landscape of Roadside Vegetation
Management

Through the years, other factors have influenced the mowing model. During
the energy crisis of the 1970’s, when availability and cost of fuel curtailed roadside
mowing, an ecological approach utilizing native species was considered. By the
1980’s, the state legislatures ofMichigan andMinnesota instituted ‘Reduced Rural
Mowing’. Other states also adopted similar policies over time. Although urban
roadways were still mowed to reflect the well-kept look of the city, rural roadsides
were only mowed along the edge of the pavement. This narrow swath gave the
look of care and provided safety at a reduced cost. Less mowing in some states
was consistent with the rural aesthetic and was quickly accepted by highway users.
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Two immediate benefits from this approach were reduced maintenance costs and
increased game bird production. This approach also led to an increase in native
plants and animals, native seed harvests, songbirds and pollinators, and natural
beauty (Figure 2).

Figure 1. Early horse-drawn roadside sickle mowers. Image by Bonnie
Harper-Lore.

Figure 2. Roadside mowing in New York State. NYS-DOT. URL:
https://www.nysdot.gov/divisions/engineering/design/landscape/trees/rs_mowing

At first glance, it might seem that history is repeating itself with yet another,
and perhaps even more serious energy crisis. With continued instability in the
energy markets and occasional spikes in fuel prices, the first decade of the 21st
Century has become one of reflection and reconsideration of whether rural roadside
mowing (by itself) is a viable long term approach for vegetation management.
The issue has become even more complex with increased concerns about climate
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change and the need to reduce mowing emissions, cut fuel use, and sequester
carbon.

IV. New Approaches for Roadside Vegetation Management

There is no doubt that left unattended, roadside weeds lead to a whole
host of highway maintenance problems, such as right-of-way fires, runoff and
sedimentation, loss of diversity and wildlife habitat, car crashes, and deer kill.
Clearly, roadside vegetation must be managed. However, in doing so, it is
important to use all the tools in our management toolbox without creating yet
more problems for DOT engineers and our highway neighbors.

A number of invasive plant management strategies are being employed to
reduce highway mowing and control roadside vegetation without compromising
the safety of highway users. These include weed prevention, integrated vegetation
management, and restoration.

A. Weed Prevention

Historically, transportation managers have utilized agricultural cover crops
and turf grasses for establishing thick and vigorous roadside plantings. This quick
and reliable approach for erosion control led to the widespread use of plant species
such as Smooth brome (Bromus inermis Leyss.), alfalfa (Medicago sativa L.),
Yellow sweet clover [Melilotus officinalis (L.) Lam], Bird’s-foot trefoil (Lotus
corniculatus L.), Reed canarygrass (Phalaris arundinacea L.), and crownvetch
[Securigera varia (L.) Lassen] (Figure 3). Unfortunately, many of these quick
‘fixes’ have proven to be invasive in some regions of the country. Recognizing
there are no easy fixes, we need to encourage the use of site-specific native seed
mixes when possible.

Figure 3. Crownvetch along roadside. James, Miller, Bugwood Image Gallery.
U-GA. URL: http://www.invasive.org/browse/detail.cfm?imgnum=5379526
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To minimize the establishment and spread of weeds during highway
construction and maintenance, the following best management practices (BMPs)
are gaining acceptance across the country:

1) Take Stock and Make a Plan

○ Conduct a systematic survey of rights-of-way to determine what
weeds are present

○ Use the results of the survey to develop a comprehensive
roadside vegetation management plan for the target area

2) Don’t Introduce New Weeds

○ Use certified weed-free seed mixes, mulches, soil, and gravel
○ Use local ecotype native seeds whenever possible
○ Use non-invasive exotic species when native seeds are not

available

3) Don’t Spread Existing Weeds

○ Stockpile existing topsoil as a berm along a project site for future
use onsite and to minimize water runoff

○ Increase mower height to minimize scalping – to avoid further
spread of established weeds

○ Clean construction and maintenance equipment before
movement to another site

4) Adopt other Management Strategies

○ Reduce roadside mowing and thus the movement of weeds
○ Spot spray roadside weeds to avoid total elimination of

vegetation (which would further encourage soil erosion and
runoff)

○ Consider non-chemical alternatives such as biological control
and prescribed burning

5) Pull Together

○ Partner with public and private neighbors to control weeds of
common concern.
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It is clear that the ‘single-agency-led approach’ is rarely effective in managing
roadside vegetation. ‘Pulling together’ through public-private partnerships to
prevent and control invasive plants is the most effective way to ensure that new
weeds along transportation corridors are detected and quickly addressed.

B. Integrated Vegetation Management

Roads and highways criss-cross all of our nation’s public and private lands.
Roadways fragment habitats, watersheds, and ecosystems – but at the same time,
they connect managed and natural environments. Unfortunately, what grows in a
right-of-way does not necessarily stay there. Weed seeds are spread short distances
along highway corridors via wind, water, animals, and equipment - and very long
distances by vehicles.

Integrated Roadside Vegetation Management (IRVM) is a term that was first
applied to holistic weed control in Iowa in the 1980’s. At a minimum, it means
using the best tool or combination of tools to control problem plants. Such tools
include but are not limited to:

• Mowing – the oldest method of weed control, is still a very effective
method of weed control, if used selectively with other methods.

• Chemical Control – an important tool that was added to roadside
management in the 1950’s.

• Prescribed Burning – applied to sites with native vegetation since the
1970’s.

• Biological Control – biocontrol agents have been supplied by the U.S.
Department of Agriculture and the states to control leafy spurge and
purple loosestrife since the 1980s.

• Grazing with Sheep and Goats – now being used on a limited basis in
western and eastern states.

• Establishment of Native Grasses – a method that resists invasions, has
been planted by the thousands of acres in Iowa, Illinois, Wisconsin, and
Nebraska.

C. Restoration

All agencies expect restoration to follow weed control. What can that
reasonably look like on roadsides? Because traveler safety is always the top goal
of any highway planting program, managers are forever constrained to restore
a community that avoids the hazards of trees, expands visibility, and provides
a soft landing for errant vehicles. The type of plant community that meets all
of those criteria is a grassland community. This early successional community
exists in all regions of the United States. Grassland communities are relatively
easy to establish and cost less to maintain. The most practical reason to restore
native grasslands along highway corridors surpasses even erosion control and
safety as over-riding objectives - that reason is to do no harm. Planting native,
local ecotype grasses and forbs along a roadside will ensure that native vegetation
in adjacent parklands, wetlands, or grazing lands is not genetically swamped
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or replaced. Clearly, to do no harm should be the guiding principle of all of
our management efforts. At a minimum, roadside grassland restorations will
minimize further invasions, serve as buffers, and provide additional habitat for
native grassland fauna that have seen their habitat continually shrink over the past
several hundred years (Figure 4).

Figure 4. Roadside Native Grass Evaluation Pilot Program. California
Department of Transportation. URL: http://www.dot.ca.gov/hq/LandArch/

research/hwy_planting.htm

In many cases, the end product of restoration along highway corridors might
be no more than a semblance of a past plant community common to the area.
However, the good news is, that level of restoration can be applied to erosion
control, landscaping, revegetation, and mitigation projects to repair project
disturbances.

Restoration Case Study – Salmon Pass in Idaho

It is possible to accomplish more than reclamation or stabilization of the soils
in highway construction projects. Such is the case of Salmon Pass, Idaho. Because
a severe road cut was necessary to realign a dangerous roadway, the USDA Forest
Service required a high level of restoration – a right-of-way that was as close to
the original plant community it replaced as possible. Before construction began, a
diversity of native seed was collected from that site and propagated in greenhouses
to provide seedlings for the steep slopes along the new roadway. After construction
was complete, the slopes were hydro-seeded with a native seed mix and then
over-planted with those valuable native seedlings. This unprecedented level of
restoration is do-able but expensive (Figure 5).
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Figure 5. Road Cut in Salmon Pass, Idaho. Image by Bonnie Harper-Lore.

V. Constraints to Roadside Vegetation Management
The management of linear transportation corridors appears simple enough.

But usually this is not the case. The constraints that are placed on state departments
of transportation are many and varied, and typically unknown to highway users.
Caring for 12 million acres of medians and roadsides of county, state, and
federal lands, and interstate highways is not as easy as it looks. The biggest
constraint to roadside vegetation management is obviously funding. Typically,
funding from federal gas taxes is available for new highway construction and for
upgrade of existing highways, but not for maintenance. The responsibility for
maintenance remains at the state and local levels. Fortunately, the 2005 Safe,
Accountable, Flexible, Efficient, Transportation Equity Act – a Legacy for Users
(SAFETEA-LU) authorized the use of existing federal funds for the control of
invasive plants and re-establishment of native plants along highways for the first
time. However, until general funding is increased, available funds are still more
likely to be directed to pavement and bridge repairs than weed control.

Other constraints include:

• Inconsistent Terminology: The terms that are used to denote invasive
plants vary widely, and confuse even veteran vegetation managers -
e.g., alien invasive species, exotics, exotic pest plants, harmful invasive
species, harmful non-indigenous species, noxious weeds (local, state, or
federally regulated species), pest plants, and plants out of place.

• A Lack of Expertise: A widespread lack of plant identification and
management expertise impedes DOT decisions and results.

• A Lack of Public Awareness: A chronic lack of public understanding of
the invasive species issues continually undercuts vital legislative support.

• Safety Practices that Conflict with Best Management Practices:
Because traveler safety remains the top priority, maintenance activities
around guardrails and pavement edges often result in bare soils that are
continually invaded by invasive plants.
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• Erosion Control Requirements that Lead to the ‘Planting’ of Weed-
infested Seed Mixes: Water quality laws require the rapid establishment
of vegetative cover to minimize soil erosion and water runoff. This leads
to the use of seed mixes that often include invasive species.

• Strict Requirements under the National Environmental Policy Act
(NEPA): The NEPA process, which requires a thorough analysis of
federally sponsored management programs, is generally considered an
additional constraint in addressing weeds on a timely basis. However, the
NEPA process could actually be used for assessment of weed populations
at the pre-construction design phase, and could provide guidance for
management and control during and after highway construction.

• General Construction Practices: By their very nature, highway
construction practices disturb soils, which are then quickly invaded
by weeds from a variety of sources. Movement can be minimized by
required washing of equipment.

• Lack of State DOT Invasive PlantWarning Lists: Generally speaking,
no State DOT Invasive Plant Warning List exists, except State Noxious
Weed lists (regulated species). Such a list would help local DOT
managers develop more effective vegetation management programs.

• The Fact that Weeds Move Freely across Political Boundaries:
Weeds do not respect right-of-way fences, in spite of best efforts. Weeds
move both ways! Therefore, partnerships must be developed across
these boundaries.

• Climate change: Climate change will likely increase the spread of weeds
and the development of herbicide resistance.

VI. Successful State DOT Invasive Plant Management
Partnerships

Clearly, a strong case exists for partnerships when dealing with invasive plants
that daily cross property lines. What follows is a sampling of joint efforts and
agreements that include state DOT’s across the nation.

A. The Greater Yellowstone Weed Coordinating Committee – Progenitor of
the Weed Management Area Concept

Yellowstone National Park, which is one of our nation’s greatest treasures,
includes 18,000,000 acres in portions of Montana, Wyoming, and Idaho. The Park
encompasses a large variety of land units, including federal, state, and county
lands. Following the massive Greater Yellowstone Area Wildfires of 1988, it
was clear that weed-contaminated seeds that were being used in the restoration
effort would seriously increase the weed problem in this part of the Intermountain
West. In discussing the situation, federal, state, and local land managers decided
that the only way to address the problem of weeds spreading across such areas
would be through a coordinated interagency effort. The Greater Yellowstone
Coordinating Committee (GYWCC) was first established in the winter of 1988
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to address this problem. After much deliberation, the GYWCC published a
document entitled Guidelines for Coordinated Management of Noxious Weeds in
the Greater Yellowstone Area in 1990. This was the first document that provided
guidance for interagency partnering to address weeds of common concern within
a defined geographic region.

The GYWCC is best known for its pioneering work to establish Weed
Management Areas in the Greater Yellowstone Area, as described below.
However, in recent years, the group has turned its attention to specific weed
management problems that plague land managers. Since 2003, this group has
led the nation in developing strategies to control weed infestations in sand and
gravel pits. As a result of their work, sand and gravel pits are now recognized as
a high risk source of weeds across the country. Because transportation projects
rely on such pits for source materials, state DOTs have helped develop Weed Free
Certification Programs for sand and gravel pits (2).

B. Cooperative Weed Management Areas

Due to the success of the Weed Management Area concept in the Greater
Yellowstone Area in the 1990s, the GYWCC developed a more generalized
document to provide guidance for establishment of Weed Management Areas
in other parts of the West. This document, entitled Guidelines for Coordinated
Management of Noxious Weeds: Development of Weed Management Areas, was
officially published in 2002.

Following this, in 2003, the Idaho Noxious Weed Coordinating Committee
developed a Cooperative Weed Management Area Cookbook to provide additional
guidance on the development of Cooperative Weed Management Areas. The
Cookbook explains how Idaho utilized the weed management area concept for
effective management of weeds on highway rights-of-way and neighboring
lands (3). Over the past 15 years, these programs have served as models for
development of Cooperative Weed Management Areas throughout the United
States and Canada. For additional information on the history and development
of the Weed Management Area concept, refer to the chapter in this publication
by Bob Parsons entitled Cooperative Weed Management Areas – Overview and
History of the Southfork Weed Management Area in Park County, Wyoming.

C. The Jordan Valley Interagency Project in Malheur County, Oregon

It is well understood now that interagency partnering is the best approach for
invasive plant management within a defined geographic area. But a partnership
between county, state, and federal agencies was still a relatively new idea in
the mid-1990s. A good example of interagency partnering to address roadside
vegetation management challenges was born out of necessity in the Jordan
Valley, in southern Malheur County, Oregon, in 1998. The project area, which
encompasses about 3.6 million acres, includes about 2,000 centerline miles of
road that are maintained by Malheur County (750 miles), Oregon DOT (ODOT)
(250 Miles), and the Bureau of Land Management (1,000 miles).
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Combining the three programs has increased efficiency and saved money in
a number of ways. Costs associated with program personnel and equipment are
shared equally by the partners, while herbicides and seeds for replanting are paid
for by the individual agencies (to be used on the roadsides they each manage).

A number of notable accomplishments have been made by the Jordan Valley
Project. For example;

• The cost of weed control has been reduced from over $100.00 per
shoulder mile to $33.20 per mile.

• The cost for acres treated has been reduced from over $120.00 per acre
to $38.00 per acre.

• New equipment costs were recovered within two years.
• There has been a tenfold increase in the number of sites treated.
• Treated sites are documentedwith GPS coordinates, and followed upwith

spot treatments
• ODOT has drill-seeded 300 miles of state and county right-of-ways.
• Planted grasses and other vegetation have reduced water runoff and soil

erosion by about 60%.
• Noxious weeds and other invasive plants have been totally eliminated on

some sites, and reduced on others.
• Pesticide use and thus potential water contamination was significantly

reduced.
• Travel costs for field crews were reduced because crew members live in

the area where they now work – regardless of which agency officially
manages the land.

The Jordan Valley Interagency Project shows the real value of cooperative
weed management (4).

D. The Adirondack Invasive Plant Program in New York State

The Adirondack Park Invasive Plant Program (APIPP) is a unique partnership
that was established in 2002 to reduce the spread of invasive plants within and
into public lands in the 6 million acre Adirondack Mountain Region of New
York State. The original partnership included the New York State Department
of Transportation (NYSDOT), the New York Department of Environmental
Conservation, the Adirondack Park Agency, the Adirondack Nature Conservancy,
and the Invasive Plant Council of New York. APIPP is the umbrella under
which the five major partner organizations, as well as private land owners, local
communities, academic institutions, and hundreds of volunteers, work together
to control invasive plants in the Adirondack Mountain Region. NYSDOT,
which manages 10,000 acres of roadsides in the park, is constantly evaluating
and improving its construction and maintenance practices to minimize the
establishment and spread of invasive plants in the park (Figure 6).

Initially, APIPP created a GIS-based plant inventory and developed methods
to curb the introduction and spread of four of the most damaging introduced
species that threaten the park. These include Common reed [Phragmites australis
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(Cav.) Trin. ex Steud.], Japanese knotweed (Polygonum cuspidatum Siebold &
Zucc.), Purple loosestrife (Lythrum salicaria L.), and Garlic mustard [Alliaria
petiolata (M. Bieb.) Cavara & Grande]. Control methods include hand removal
and composting of plant materials from small infestations, excavation and burial
of target plants and associated soil from large infestations, innovative mowing
practices, and judicious herbicide use.

Figure 6. Student Conservation Association Americorps Interns and Ed Frantz,
NYSDOT Adirondack Park and Forest Preserve Manager, tackling purple

loosestrife on a state road in the Adirondack Park and Forest Preserve. URL:
https://www.nysdot.gov/portal/page/portal/e-zine/spring2008/environmental

Program successes to date include development of a regional Volunteer
Monitoring Program for Aquatic Invasive Plants, engaging 70 volunteers to
inventory and map hundreds of terrestrial weed infestations park-wide, controlling
126 of 176 documented weed infestations, development of educational materials
and a programwebsite to educate the public and to facilitate information exchange,
as well as numerous presentations throughout the Adirondack Mountain Region
(5).

E. The Arizona and Sonora, Mexico, Buffelgrass Partnership

The U.S. Fish and Wildlife Service, and the Arizona DOT teamed up in an
unusual partnership in 2003 to address buffelgrass along the Arizona-Sonora
border. The team knew that the State of Sonora, Mexico, across the border
from Arizona, was about to begin highway construction, and a lot of invasive
buffelgrass grew in the project path. To avoid further spread of buffelgrass along
corridors headed for the border, the partnership offered Mexican vegetation
managers help in weed identification and weed control before the construction
began. Incredibly, historic ADOT policy allowed their workers to work across the
border with little obstacle, as long as they were home before sunset. Sometimes
an archaic law can be useful (see also Chapter 17 of this publication on formation
of an interagency group to address buffelgrass in Arizona).
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F. The Weeds Cross Borders Project in Washington State and British
Columbia

The Weeds Cross Borders project, which was established in 2003, aims to
limit the spread of noxious weeds on transportation corridors and waterways,
and addresses seeds blowing “over the fence” throughout the Okanogan Region
betweenWashington State and British Columbia. The project, which was initiated
with help from a Federal Highway Administration grant in 2003, is intended
to enhance cooperation, coordination of weed control among partners, and to
raise public awareness. Participants include the Washington State Department of
Transportation, the Okanogan County Noxious Weed Control Board, the British
Columbia Ministry of Transportation, and the South Okanogan-Similkameen
Invasive Plant Society of British Columbia. Awareness efforts have included
weed calendars, weed mapping, weed tours for lawmakers and other stakeholders,
invasive species training for border officials, and weed warning billboards for
travelers (6) (Figure 7).

Figure 7. Weeds Cross Borders Project Icon and Partners. URL:
http://ferry.wsu.edu/agriculture/WeedsCrossBorders.html URL:
http://ferry.wsu.edu/agriculture/Cross%20Borders%20Flyer.pdf
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G. The Georgia Cogongrass Cooperative Weed Management Area

In May, 2008, a Memorandum of Understanding signed in Georgia,
established a statewide CWMA for the duration of five years. This unprecedented
partnership of 23 Cooperators included the Georgia Department of Transportation,
several state and federal agencies, research and conservation organizations, and
the Governor’s Office. The primary mission of the coalition is to stop the spread
of cogongrass [Imperata cylindrica L.) P. Beauv.] in Georgia. Cogongrass is
a highly invasive grass from Africa that is spread short distances by wind and
roadside maintenance equipment, and long distances by contaminated logging
equipment and other vehicles. Their agreement to make prevention and control of
cogongrass a top priority created a single CWMA to address the problem across
the entire State. Primary goals of the agreement include interagency partnering on
the issue, public awareness of the problem, training of agency field personnel, and
early detection and control of new infestations before they become established
(Figure 8).

Figure 8. Cogongrass Brochure – Georgia Cogongrass Cooperative Weed
Management Area. URL: http://www.cogongrass.org/flyer.pdf

As demonstrated by each of these projects, invasive plant management
within a defined geographic area is most effective when impacted and potential
stakeholders work together to address problems of concern. Successful
partnerships combine the strengths of each partner in working to achieve common
goals, and engage passionate volunteers to protect natural and managed resources
at risk.
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H. The Fond du Lac Band of Lake Superior Chippewa Weed Management
Precedent

In 2009, The Fond Du Lac Band of Lake Superior Chippewa signed a
Memorandum of Understanding with theMinnesota Department of Transportation
for management of weeds along tribal roadways. This was the first such agreement
between an Indian Nation and a Department of Transportation. The tribe and the
agency have a shared weed management goal and recognize the need to work
together to achieve it. The Fond Du Lac have also identified significant plants in
need of protection. Through increased communication and planning they have
found common ground (Figure 9).

Figure 9. Fond du Lac Band of Lake Superior Chippewa Logo. Memorandum of
Understanding Between the Fond Du Lac Band of Lake Superior Chippewa
and MN-DOT: URL: http://www.dot.state.mn.us/mntribes/mous/roadsideveg/

fonddulac.pdf

VII. Summary and Look to the Future - Roadsides in the 21st
Century

Our vision for the future of transportation corridors draws heavily on life in
the past. It includes weekend drives that are once again a source of relaxation, and
a means of reconnecting with family, friends, and nature. They are places where
time slows down, we talk with one another, and perhaps stop at a rest area for a
packed picnic lunch. Highway rest areas already offer walking trails and views
of the surrounding countryside to rest, relax, and rejuvenate during short outings
or long road trips. As climate change increases, highway corridors and rest areas
could also provide new conservation opportunities by serving as stop-over points
for migratory birds, and could serve as refuge areas for endangered plants and
small animals that have seen their habitat continually shrink over the past several
decades.

While much about climate change remains unknown and unpredictable, it
is clear that maintaining grassland corridors to provide ecological services now
will pay even bigger ecological dividends in the future. Research conducted on
prairies during the Dust Bowl era of the 1930s suggests that there will always be
fluctuations in plant and animal populations – regardless of changes in short term
and long term weather cycles (7). But what is different now – the new variable - is
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the human-assisted rise in biological invasions. There is no doubt that invasive
species will continue to increase unless they are managed (prevented, or, at a
minimum, controlled). This also pertains to highway grasslands.

Decades of experience with grassland plantings along highway corridors
in Iowa have shown that re-established native grasslands can deter biological
invasions. If this is true, future roadsides across the country might look very
much like the vegetation first viewed along wagon trails by our ancestors. With
history in mind, highway managers should remain observant and ready to adapt
new approaches for protection and restoration of the nation’s 12 million acre
highway system. It makes sense that sustainable weed management programs
must begin with – or certainly include, the state DOTs as a major partner (8).
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Chapter 10

Invasive Plant Management on Western Public
Lands by the Bureau of Land Management

Gina Ramos*

U.S. Department of the Interior, Bureau of Land Management,
Washington, DC 20240

*E-mail: Gina_Ramos@blm.gov

The Bureau of Land Management (BLM), an agency under
the U.S. Department of the Interior, manages over 245 million
surface acres of land, which represents about 13% of the land
area of the United States. Currently, it is estimated that at least
55 species of introduced invasive plants infest over 35 million
acres of land that is managed by the BLM. Invasive grasses
such as cheatgrass (Bromus tectorum L.) infest about 25 million
acres of BLM land. The BLM has been actively cooperating
with other agencies to manage invasive plants on public
lands since 1974. Since this time, it has developed numerous
memoranda of understanding, policy manuals, and training
courses to guide BLM personnel in this important effort. The
BLM National Weed Strategy, which was developed in 1996,
lays out a number of goals and objectives for guiding its weed
management program on public lands. This includes prevention
and detection, education and awareness, inventory, planning,
coordination, integrated weed management, monitoring and
evaluation, and technology transfer. During 2007, the BLM
improved the health of public lands by treating 383,000 acres
for noxious and invasive weeds.

This chapter not subject to U.S. Copyright. Published 2011 by the American
Chemical Society
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I. Introduction

The Bureau of Land Management (BLM), which is an agency under the
Department of the Interior, was established in 1946 through the consolidation of
the General Land Office (created in 1812) and the U.S. Grazing Service (formed
in 1934) (Figure 1). The functions of the BLM are addressed in the Federal Land
Policy and Management Act of 1976.

Figure 1. BLM Official Logo.

The BLM is responsible for carrying out a variety of programs for the
management and conservation, of resources on 245 million surface acres, as well
as 700 million acres of subsurface mineral estate. These public lands make up
about 13 % of the total land surface of the United States and more than 40 % of all
land managed by the Federal government. The BLM has over 9,000 permanent
employees and about 1,000 temporary ones. The BLM budget for fiscal year
2009 was $1.01 billion. The agency’s mission is to sustain the health, diversity,
and productivity of the public lands for the use and enjoyment of present and
future generations.

Most of the public lands managed by the BLM are located in the western
United States (Figure 2). Alaska has the most total acreage in a state (87
million acres) (352,000 km2). Nevada and Utah have the highest percentage of
lands under BLM management. These lands are characterized predominantly
by extensive grasslands, shrublands, forest, high mountains, arctic tundra, and
desert landscapes. The BLM manages multiple resources and uses, including
energy and minerals; timber; forage; recreation; wild horse and burro herds; fish
and wildlife habitat; the National Landscape Conservation system that includes
national monuments, wild and scenic rivers, national historic and scenic trails
as well wilderness areas. BLM’s other multiple uses include archaeological,
paleontological and historical sites. In addition to its minerals management
responsibilities noted above, the BLM administers mineral leasing, and oversees
mineral operations on Federal mineral estate underlying other state, private, or
federally-administered land, and manages most mineral operations on Indian
lands (1–9).
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Figure 2. Lands managed by the Bureau of Land Management in the western
U.S. Image provided by BLM, Washington, DC.

II. Invasive Plants on BLM Lands

Currently, it is estimated that more than 55 different species of invasive
plants infest over 35 million acres (13.4%) of the total public lands that are
managed by the BLM. The impacts of weed infestations cross all BLM Resource
programs. For example, increased fires in the Great Basin Region of Nevada,
Oregon, Idaho and Utah, have continually introduced and spread Cheatgrass and
other non-native annual grasses. This has significantly reduced big sagebrush
(Artemesia tridentata Nutt.) which is a crucial habitat for different species of
Sage grouse. This includes the Greater sage grouse (Centrocercus urophasianus
Bonaparte), and the Gunnison sage grouse (Centrocercus minimus Bradbury and
Vehrencamp), which is a potentially endangered species in Colorado and Utah.
Non-native invasive grasses such as cheatgrass (Bromus tectorum L.) infest nearly
25 million of the 35 million acres of BLM lands that are affected by invasive
plants. This introduced annual grass provides no direct benefit to either wildlife
or livestock grazing.
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III. The BLM National Weed Program

The BLM has been actively cooperating with other agencies and land
managers on invasive weed management since 1974. Since that time, it has
developed numerous methods, policy manuals, handbooks, environmental impact
statements (EISs), memoranda of understanding, and training courses to guide
BLM field personnel and others in managing noxious weeds on public lands.

BLM worked closely with agencies to establish a number of prominent weed
management organizations, including theWesternWeed Coordinating Committee,
and the Federal Interagency Committee for the Management of Noxious and
Exotic Weeds (FICMNEW). It also helped to developed the “Guidelines for
Coordinated Management of Noxious Weeds in the Greater Yellowstone Area”,
which is a primer for integrated weed management, and led to the establishment
of Cooperative Weed Management Areas around the country.

In December, 1994, the BLM established a team to prepare an action plan for
the prevention and control of noxious weeds on BLM lands. The final plan entitled
“Partners Against Weeds, An Action Plan for the Bureau of Land Management”,
describes the scope and impacts of the noxious weed problem on BLM lands,
and outlines several goals and specific actions to help prevent and control the
spread of exotic, alien plants on BLM lands (Figure 3). The underlying purpose
of the plan (essentially the BLM National Weed Strategy) is to enhance the ability
of the agency to maintain and restore desirable plant communities and healthy
ecosystems on BLM lands through partnerships and education.

Figure 3. Partners Against Weeds – An Action Plan for the Bureau of Land
Management.
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The BLM National Weed Strategy, which was published in 1996, outlines
seven goals and actions that are required for implementing an improved weed
management program on public lands. The goals include:

- prevention and detection,
- education and awareness,
- inventory,
- planning,
- integrated weed management,
- coordination, and
- monitoring, evaluation, research and technology transfer.

A. Link to the BLM National List of Invasive Weed Species of Concern

URL: http://www.blm.gov/co/st/en/BLM_Programs/botany/invasiweed.html

IV. Invasive Plant Management on BLM Lands

One of the BLM’s highest priorities is to promote ecosystem health. The rapid
spread of weeds on public lands is one of the greatest impediments to achieving
this goal. If not eradicated or at least controlled, noxious weeds will jeopardize
the health of public lands and the many activities that occur on them. The BLM’s
ability to respond effectively to this challenge depends on the available resources.
Although the BLM’s weed management budget has increased slightly in recent
years, the needs far outweigh their current capabilities.

In recent years, the BLM has developed many partnerships with federal, state,
county and private landowners to collaborate and manage invasive and noxious
weeds on BLM managed lands and adjacent properties through an integrated pest
management approach. With over half-million acres of BLM lands infested with
Leafy spurge (Euphorbia esula L.), a variety of tools, including biological control,
multi-species grazing and herbicides, are needed to control Leafy spurge in both
the short and long term. However, biological control holds the most promise for
long-term, sustainable leafy spurge management when incorporated as part of an
integrated pest management plan.

The use of the Flea beetle (Aphthona lacertosa A.P. Guillebeau) to control
Leafy spurge in Valley County, Montana, is a good example (Figure 4). In this
case, the boundary of the Eagles Nest Coulee infestation is being maintained with
an aerial application of herbicides. In 2009, the BLM – Glasgow Field office
collected over one million flea beetles from this site for re-distribution by county
employees to 16 other major Leafy spurge infested areas of the county (Figures 5
and 6).
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Figure 4. Leafy spurge infestation in Valley County, Montana, before the release
of biological control agents in 2002.

Figure 5. The same site with a greatly reduced Leafy spurge infestation in 2009.
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Figure 6. Collection of 1 million Flea beetles in Valley County, Montana, in 2009.

During 2007, the BLM improved the health of public lands by:

• applying 255,000 acres of shrub and grass vegetation treatments,
• constructing 2,500 vegetation projects,
• maintaining 3,000 vegetation projects,
• treating 11,000 acres to restore lakes and wetlands,
• treating 400,000 acres of hazardous fuels,
• restoring or enhancing 35,000 acres of forests and woodlands,
• stabilizing and rehabilitating 850,000 acres after wildfire,
• remediating 456 abandoned mine land sites,
• gathering 6,300 wild horses and burros, and by
• treating 383,000 acres of noxious and invasive weeds (8).

V. Case Study: Weed Control and Restoration of Native
Vegetation at Piedras Blancas National Monument

In addition to the historical value of the lighthouse at the Piedras Blancas
Light Station, the site is important in terms of the biological resources present.
It is a significant habitat for marine mammals, has at least two sensitive species
of plants, and has the potential to be a showcase for central California coastal
vegetation. In addition, the site provides habitat that could be used to help
implement recovery actions for sensitive plants found onsite and nearby (11
CNPS list 1b at Arroyo de la Cruz, approximately 3 mi N). Iceplant [Carpobrotus
edulis (L.) N.E. Br], which was planted in the 1940s to control dune erosion, now
dominates much of this site and adjoining properties. However, hard work by
volunteers is slowly restoring the native vegetation to lighthouse property. Every
Tuesday and Thursday, weather permitting, a group of volunteers meets at the
lighthouse and pulls weeds or engages in other restoration activities. By their
efforts (over 5,000 person hours to date), approximately 2.5 acres have now been
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cleared of noxious weeds and are actively being restored. Due to the magnitude
of the problem, additional funds are being sought to expedite the weed eradication
and restoration effort (Figures 7, 8, and 9).

Figure 7. View from Piedras Blancas Lighthouse towards Piedras Blancas Point:
Dark green is iceplant. Photo was taken before iceplant removal in 2002.

Figure 8. Piedras Blancas Point. Native vegetation returning to areas cleared of
iceplant. Bright yellow are the coastal form of California poppies (Eschscholtzia

californica). Note same rocks as in previous photo.
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Figure 9. Piedras Blancas with poppies. Iceplant in foreground, with native
vegetation behind where iceplant has been removed. The California poppies

are bright yellow.

VI. Unique Problems and Solutions for Managing Invasive
Plants on Public Lands

The BLM leases many millions of acres to ranches and farms across the
western United States. Since the BLM does not directly manage these lands,
this poses a serious challenge for ensuring that invasive plants are effectively
managed on all BLM lands. However, as the ‘land owner’, the BLM can require
that leasees take steps to minimize the introduction and spread of invasive plants
on public lands. For example, BLM can:

- add certain stipulations regarding weed management to a permit, lease or
sale.

- require a “bond” similar to mining operations for reclamation. The bond
would go towards the control of invasive plants, followed by restoration
of a site with appropriate native species.

- incorporate nationally accepted weed prevention practices to minimize
the establishment and spread of new species on a particular site. After
initially fulfilling these requirements as just another ‘cost of doing
business’, leasees often begin to understand their long term benefits in
terms of production capacity and sustainability of the natural resources
being used.

To increase the effectiveness of BLM efforts to control invasive plants on the
patchwork of public lands in the West, the agency makes a special effort to work
with other public and private land managers and owners. BLM underscores the
value of interagency partnering to manage invasive plants by:

- consulting with other landmanagement agencies to coordinate vegetation
or invasive plant treatments on neighboring public and private lands, and
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- working with the State Cooperative Extension Weed Specialists and
chemical companies on research projects to evaluate new treatment
methods and chemicals.

VI. Summary

The Bureau of Land Management (BLM) is a federal agency that manages
over 245 million acres of land, primarily in the western United States. It is
currently estimated that at least 35 million acres of the land that is managed
by the BLM is infested with 55 species of regulated noxious weeds and other
invasive plants. The BLM began to actively cooperate with other agencies and
land managers to control invasive plants on public and adjoining private lands
in 1974. In 2007, the BLM treated 383,000 acres to prevent the spread of new
and established invasive plants on public lands. In order to ensure that effective
management strategies are employed on BLM lands, the agency adds certain
stipulations regarding weed prevention to permits, leases, and land sales. In order
to increase the effectiveness of weed management efforts all across the West, the
BLM makes a special effort to work with other public and private land managers
and owners. The BLM also makes every effort to prevent the introduction and
establishment of new invasive plants on land that it manages. Strategies include
the use of weed-free forage products, equipment and vehicle sanitation, and early
detection and rapid response to incipient infestations.

VII. Other Resources

• BLM Nevada’s War Against Weeds. http://www.blm.gov/nv/st/en/prog/
more_programs/invasive_species.html.

• BLM − Weed “Wanted” Posters for Posting at Trail Heads, Boat Ramps,
etc. http://www.blm.gov/education/weeds/weedposters/.

• BLM − Weeds Hall of Shame. Ten of the most problematic invasive
plants of the West are profiled, with photos. http://www.blm.gov/
education/weeds/hall_of_shame.html.

• BLM - "What’s Wrong With This Picture?" This site provides student
activities and background information. http://www.blm.gov/education/
weed/weed.html.

• BLM − Effects of Fire on Invasive Plants – Technical Report.
http://www.wy.blm.gov/fireuse/pubs/Vol-6_fire_nonnative_
invasive_plants.pdf.

• BLM Learning Landscapes (educational tools) – Invasive species page.
http://www.blm.gov/education/LearningLandscapes/explorers/lifetime/
invasive.html.

• Muhn, J; Stuart, H. Opportunity and Challenge – The Story of the
BLM. U.S. Department of the Interior, Bureau of Land Management,
September, 1988. http://www.nps.gov/history/history/online_books/
blm/history/index.htm.
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• Silent Invaders − Video. Florida State University and BLM.
http://www.fsu.edu/~imsp/silent_invaders/new_weeds/main_html/.
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Chapter 11

Federal Interagency Coordination for Invasive
Plant Issues – The Federal Interagency

Committee for the Management of Noxious and
Exotic Weeds (FICMNEW)

Randy G. Westbrooks*

U.S. Geological Survey, National Wetlands Research Center,
Whiteville, North Carolina 28472
*E-mail: rwestbrooks@intrstar.net

The U.S. Federal Interagency Committee for the Management
of Noxious and Exotic Weeds (FICMNEW) is a formal
partnership between 16 federal agencies that have invasive
plantmanagement and regulatory responsibilities for the United
States and its territories. Efforts to develop a national level
federal interagency committee to coordinate federal activities
were initiated by national weed program managers with the
USDA Forest Service and the Bureau of Land Management
in 1989. FICMNEW was formally established through a
Memorandum of Understanding that was signed by agency
administrators of member agencies in August, 1994.

I. Introduction

FICMNEW was formally established as a federal interagency committee
in 1994. The FICMNEW Charter (1) is a guidance document that directs the
committee to coordinate through the respective Secretaries, Assistant Secretaries,
and Agency heads, information on the identity and extent of invasive plants in
the United States, and to coordinate federal agency activities to address invasive
plants on private and public lands in the United States. FICMNEW accomplishes
this by:

This chapter not subject to U.S. Copyright. Published 2011 by the American
Chemical Society
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- sharing scientific and technical information;
- fostering collaborative efforts among federal agencies;
- providing recommendations for national and regional level management

of invasive plants; and
- sponsoring technical/educational conferences and workshops on invasive

plants.

During monthly meetings, FICMNEW discusses important national and
regional invasive plant issues, and shares information with various public and
private organizations that participate with the federal sector to address invasive
plant issues. Since it was formally established in 1994, FICMNEW has been a
driving force in the national effort to address invasive species from a broader
ecological and economic perspective.

FICMNEW was identified in U.S. Presidential Executive Order 13112 (2) on
invasive species as a key federal-level organization on which theNational Invasive
Species Council is to rely for the implementation of the Executive Order and
coordination of Federal agency activities related to invasive plant management.

II. FICMNEW Objectives

FICMNEW has a number of specific objectives that guide its activities. These
include:

- Fostering government coordination and collaboration on invasive plant
management issues.

- Supporting member agency missions and responsibilities related to
invasive plants management.

- Working cooperatively within the scope of respective member authorities
and jurisdictions to accomplish an ecologically sound and integrated
approach to the management of nonnative invasive plants within the
context of the broader invasive species management arena.

- Seeking to facilitate and expand working relationships between the
federal sector and other public and private stakeholders to enhance
invasive plant management efforts across the landscape.

- Promoting good land stewardship practices as well as the advancement
and sharing of knowledge related to invasive plant management; and,

- Helping to raise public awareness of invasive plants issues and problems
across the country.

A. Committee Responsibilities

As an interagency committee, FICMNEW has certain unique opportunities
that are beyond the mission and scope of most individual agencies, including:

- Coordinating a federal interagency approach to invasive plant
management. This includes identifying critical issues and agency
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needs, establishing national priorities, and making recommendations to
Agency and Departmental leadership related to invasive plant research,
education, technology transfer, policy, and cost-efficient management
strategies – in support of Presidential Executive Order 13112 on invasive
species, as well as other federal directives.

- Organizing and conducting invasive plant management meetings,
workshops, symposia, and other similar events.

- Compiling and developing interagency reports and analyses, producing
educational materials and products, developing plans and strategies, and
establishing partnerships.

- Reviewing proposals for invasive plant management projects that are
submitted for funding under the National Fish and Wildlife Foundation’s
Pulling Together Initiative Challenge Grant Program.

- Sharing scientific and technical expertise with agencies and organizations
across the country and around the world.

B. FICMNEW Membership

As established by the 1994 Memorandum of Understanding (MOU), each
member agency of FICMNEW designates one representative to serve as a
representative on the standing committee. Each agency representative acts as
a liaison between the Committee and their respective agency, and assists the
Committee in conducting all activities as outlined in the Committee Charter and
the MOU. Member agencies of FICMNEW include:

- Department of Agriculture

- Forest Service
- Agricultural Research Service
- Animal and Plant Health Inspection Service
- Agricultural Marketing Service
- Cooperative State Research, Education, and Extension Service
- Natural Resources Conservation Service

- Department of the Interior

- Bureau of Reclamation
- Bureau of Land Management
- U.S. Fish and Wildlife Service
- U.S. Geological Survey
- National Park Service
- Bureau of Indian Affairs

123

  P
ub

lic
at

io
n 

D
at

e 
(W

eb
):

 S
ep

te
m

be
r 

15
, 2

01
1 

| d
oi

: 1
0.

10
21

/b
k-

20
11

-1
07

3.
ch

01
1

In Invasive Plant Management Issues and Challenges in the United States: 2011 Overview; Westbrooks, R., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 2011. 



- Department of Transportation

- Federal Highway Administration: Roadside Vegetation
Management

- Department of Defense

- Armed Forces Pest Management Board

- Department of Energy

- Environmental Protection Agency (EPA)

C. FICMNEW Leadership

FICMNEW is led by a chairperson who is elected for a two year term, not to
exceed three consecutive terms. The chairperson is assisted by a co-chair who is
elected for a two year term as well. The chairperson and co-chair are responsible
for organizing and conducting monthly meetings and for directing the general
activities of the Committee.

D. FICMNEW Products and Services

In addition to monthly meetings, FICMNEW holds a planning retreat every
two years or so to take stock of what has been accomplished, and to set priorities for
future collaboration (3). Activities, products, and services that are often included
in the biennial FICMNEW Work Plan include:

- Specific Strategies - Position Papers, Project Plans, Project Reports;
- Education and Outreach – Presentations, Academic Seminars, Training

Workshops, Symposia;
- Educational Materials – Fact Sheets, Brochures, Articles, Technical

Guidelines, Books, Websites, Promotional Items, and,
- Technical Support – Technical Assistance, Recommendations, Weed

Risk Assessments.

E. High Priority Activities Identified in the FICMNEWWork Plan

Due to funding and personnel constraints, FICMNEW limits the number and
type of activities it will pursue at any one time. The action items outlined below
represent some of the major focus areas that FICMNEW has addressed or pursued
since the first biennial planning retreat was held in Shepherdstown, West Virginia,
in September, 1998.
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1. Networking and Coordination

i. Help sponsor and host annual National Invasive Weeds
AwarenessWeek (NIWAW) events and activities inWashington,
DC each February.

ii. Conduct national meetings in association with the annualNorth
American Weed Management Association conference.

iii. Support and participate in the bi-annualNorth AmericaWeeds
across Borders meeting that has been sponsored by the U.S.
Federal Highway Administration since 2002.

iv. Continue collaboration and support to the National Invasive
Species Council and the Invasive Species Advisory
Committee.

v. Continue networking and coordination with state agencies, non-
governmental organizations, professional societies, and other
groups – relative to invasive plant management.

2. Functions

i. Develop position papers and agency reports on key national/
global invasive plant issues.

a. Collaborate with other national level groups (e.g.,
the National Invasive Species Council, the Invasive
Species Advisory Committee, the Aquatic Nuisance
Species Task Force, the Weed Science Society of
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America, and the North American Weed Management
Association, etc.) to develop position papers on key
issues that need to be addressed.

b. Develop an annual program report highlighting the
weed management activities of FICMNEW member
agencies.

i. Include program management gaps,
opportunities to fill those gaps, and program
successes.

ii. Review the FICMNEW MOU and Charter and identify the
current and future roles of FICMNEW in light of the Executive
Order (13112) and other significant invasive plant management
issues that have developed since FICMNEW was established.

a. Identify gaps that need to be filled in order to address
all future operational roles of FICMNEW.

b. Develop a revised draft MOU and Charter that would
support those roles.

iii. Provide leadership and funding for the FICMNEW – National
Fish and Wildlife Foundation (NFWF) Pulling Together
Initiative Challenge Grant Program.

a. Select weed management projects to be funded under
the grant program.

b. Provide funding for selected projects.
c. Provide distant and onsite technical support, and

quality control for selected projects.

3. Education and Outreach

i. Published the FICMNEW Weed Fact Book – Invasive Plants –
Changing the Landscape of America (4).

ii. In collaboration with other organizations, discuss the need
and potential for an Eastern Invasive Plant Management
Clearinghouse modeled after the Center for Invasive Plant
Management in Montana.
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4. Early Detection and Rapid Response (EDRR)

i. Cooperate with other agencies and organizations to develop a
National EDRR System for Invasive Plants as a follow-up to
the First National EDRR Workshop that FICMNEW hosted in
June, 2000, in Ft. Collins, Colorado.

ii. Provide technical assistance to the interagency groups in
developing EDRR capacity at the state and local levels.

a. Establishment of State EDRR Coordinating
Committees

i. State EDRR Work Plans
ii. State EDRR Species Target Lists

b. Development and Training of State Early Detection
and Reporting Networks (modeled after the 750
member volunteer network of the Invasive Plant Atlas
of New England)

c. Rapid Assessments of Newly Introduced (Free Living)
Invasive Plants

d. Rapid Response to Confirmed New Invaders

i. Single Agency-led Weed Eradication
Programs

ii. Cooperative Weed Management Areas
iii. Invasive Plant Task Forces (e.g., the Beach

Vitex Task Force)
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III. Summary

Since its formal establishment in 1994, FICMNEW has provided national
leadership in the effort to manage invasive plants across the United States. As
an interagency committee, FICMNEW provides vision, expertise, resources,
and focus on invasive plant issues and problems that often cannot be effectively
addressed by a single agency. FICMNEW fulfills its charter by coordinating
federal activities to minimize the introduction and spread of new invasive plants,
and by managing widespread invaders on public and private lands. Some of
FICMNEW’s more notable activities over the past decade include helping to
organize and conduct National Invasive Species Awareness Week each February,
providing leadership and sponsoring the National Fish and Wildlife Foundation
Pulling Together Initiative Challenge Grant Program, participating in the biennial
North American Weeds Across Borders Conference, as well as collaboration with
the National Invasive Species Council, the North American Weed Management
Association, the Weed Science Society of America, and other groups that are
involved with invasive plant management in the United States.
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Chapter 12

Regional Centers of Excellence: The Center for
Invasive Plant Management

Janet K. Clark*

(Formerly) Center for Invasive Plant Management, Department of Land
Resources and Environmental Sciences, Montana State University,

Bozeman, MT 59717-3120
*E-mail: janet.k.clark@gmail.com

The Center for Invasive Plant Management (CIPM) was
established in 2000, and grew out of the invasive plant milieu
particular to the western United States at that time. Responding
to stakeholder needs has been a crucial element in the success
of CIPM. Additional “centers of excellence” are emerging in
other regions of the country. Working at a regional scale has
many advantages. Stable baseline funding and a formalized,
non-hierarchical communication network among Centers are
now needed tomaximize the efficiencies, expertise, and services
offered by these regional organizations. Drafted in 2007, this
chapter reflects the groundswell of emerging organizations and
energy of the time. Many other organizations have appeared in
the meantime, but the need for national coordination remains.
The author was Director of CIPM from 2000 to 2008.

I. Introduction

In September 1997, a group of state and federal agency representatives,
university scientists, agribusiness personnel, and ranchers gathered in Bozeman,
Montana, to discuss the concept of a “Center for Noxious Weed Management”.
The idea of a center that would coordinate education, research, and agency
interests in the western states appealed to everyone. The Minutes from that
meeting reflect excitement for what could be accomplished by working together.

Over the next two years, a diverse and ever-expanding group of participants
from western states developed a mission statement, goals, and objectives

© 2011 American Chemical Society
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for such a regional organization. The plan focused on education, research,
and implementation. A congressional pass-through allowed the Center for
Invasive Plant Management (CIPM) to open its doors at Montana State
University-Bozeman in June, 2000. A diverse, 10-member Steering Committee
and five-member Science Advisory Council were appointed to represent varied
agencies, institutions, and interests of the western United States.

II. Mission of the CIPM

The mission of CIPM, as defined at its first Steering Committee meeting is:
“To promote ecologically sound management of invasive plants in western North
America by sponsoring innovative research, advancing education, and facilitating
collaboration among scientists, educators, and land managers.” Serving people
has been central to CIPM’s approach and can be further seen in its stated vision of
“well-informed invasive plant professionals who have the contacts, information,
and resources necessary to accomplish their goals.”

III. CIPM − Accomplishments from 2000-2006

By the end of 2006, CIPM had a staff of five and had awarded more than
$1 million in grants to scientists and cooperative weed management areas in
22 states; coordinated or sponsored 20 regional or national symposia; created a
popular, national website and information clearinghouse (www.weedcenter.org);
developed or sponsored 22 publications; presented information on a variety
of subjects in 23 states; and actively partnered with a long list of agencies,
institutions, and organizations. CIPM is now recognized as a valuable source of
science-based information by federal agencies in Washington, DC, and scientists
and land managers throughout the West.

IV. CIPM – Identifying Regional Invasive Plant Needs

Since the very first discussion of a western regional center, it has been
critical to identify regional needs so that CIPM can respond with programs
and products that are relevant and valuable. CIPM’s representative Steering
Committee and Science Advisory Council have assisted CIPM staff – who
regularly interact with diverse stakeholders – in defining and responding to
western regional needs. When CIPM was established in 2000, many western
states already had a legal and regulatory infrastructure (such as county weed
districts, state weed coordinators, and noxious weed laws) to address invasive
plants. In addition, most western states had statewide weed control associations.
Regional issues had been discussed through the all-volunteer, nonprofit Western
Weed Coordinating Committee. Therefore, western regional needs did not focus
as much on organizing groups or finding information as on coordinating existing
groups and sorting through reams of information that could help those groups
meet their short term and long term goals.
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Over time, CIPM has understood regional needs to be:

• An information clearinghouse;
• Support for innovative research and community-led, on-the-ground

initiatives;
• Outreach products and professional development opportunities for land

managers;
• Coordination of multi-institutional projects; and
• Communication and technology transfer between scientists and land

managers.

V. CIPM – Responding to Regional Invasive Plant Needs

CIPM has responded to these needs in a variety of ways as described below.

A. Information Clearinghouse

CIPM’s extensive website (www.weedcenter.org) offers comprehensive
information about invasive plant ecology and management. The site includes
news, weed profiles, searchable databases, educational curricula, lists of grant
opportunities, and resources for weed management areas. CIPM staff also
regularly responds to requests for information, products, contacts, facilitation,
and project coordination from many different groups and regions.

B. Support for Innovative Research and Community-Led, On-the-Ground
Initiatives

Support for new research and providing research results to land managers and
landowners is critical in developing long-term, sustainable, ecologically-based
invasive plant management. Between 2001 and 2006, CIPM awarded 66 research
grants totaling $646,293 to scientists in 19 states. Support – financial and
otherwise – is also needed by practitioners in Cooperative Weed Management
Areas (CWMAs). Between 2002 and 2006, the Center for Invasive Plant
Management awarded 98 CWMA grants totaling $471,272 to local weed
management groups in 16 states. CIPM grant dollars leveraged more than $1.5
million of in-kind and cash contributions from private landowners and local, state,
and federal partners in these communities.

C. Outreach Products and Professional Development Opportunities for
Land Managers

CIPM has developed a number of resources for land managers including
multi-author publications such as Inventory and Survey Methods, outreach
materials such as life-sized plastic weed models, and online learning workshops
and modules. In almost all cases, these materials are developed in partnership
with other agencies and multiple subject-matter experts.
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D. Coordination of Multi-Institutional Projects

“Partnerships” and “working together” are often encouraged and yet the
time to coordinate multiple entities is not allotted in very many people’s jobs.
CIPM has tried to fill this gap. CIPM has facilitated a five-state initiative to
address saltcedar, organized cross-disciplinary and multi-organization symposia
and workshops, maintained logistical support such as listserves and Web pages
for stakeholder groups, and other activities.

E. Communication and Technology Transfer between Scientists and Land
Managers

Invasive plant management is most successful when scientists and land
managers share ideas and perspectives. Ideally, information flows both ways.
Sponsorship of interactive workshops and coordination of publications that
provide good science to practitioners are two ways through which CIPM has
supported the linkage of science and management.

VI. Establishment of Other Regional Centers and Networks

Growing awareness of the ecological and economic threat of invasive plants
has led to the germination of several regional, non-governmental organizations
and centers of expertise and coordination across the United States. These centers
may be associated with universities or they may be nonprofit organizations, but
in all cases they have established successful programs to respond to the needs of
public and private land managers working on invasive plant management. Using
criteria of 1) an established organization with paid personnel and a permanent
location, and 2) regional (typically multi-state) vision and responsibilities with
broad recognition as a valuable resource among the region’s land managers,
several regional centers and networks should be noted:

The California Invasive Plant Council (Cal-IPC) is a nonprofit organization
with 1,000 members that provides technical support on invasive plants for
people working in the field and in outreach efforts for public education. See
http://www.cal-ipc.org for more information.

The Center for Aquatic and Invasive Plants is a multidisciplinary research,
teaching, and extension unit directed to develop environmentally sound techniques
for the management of aquatic and natural area weed species. It is associated with
the University of Florida. See http://plants.ifas.ufl.edu for more information.

The Invasive Plant Atlas of New England (IPANE) is a consortium based at
the University of Connecticut to gather and disseminate plant species data. It
also maintains a corps of 500 trained volunteers and provides technical assistance
to many organizations. See http://www.ipane.org for more information (see also
Chapter 14 of this publication).

The Midwest Invasive Plant Network (MIPN) is a nonprofit organization
based in Indiana that develops educational materials for diverse stakeholders,
offers workshops on developing cooperative weed management areas, and hosts
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an annual symposium on invasive plants. See http://www.mipn.org for more
information.

VII. Meeting Future Challenges

Regional centers of excellence – that is, centers that typically focus on
multiple states – can be valuable resources to natural resource managers, scientists,
and the public. A regional focus (as opposed to a local or national focus) allows:

- Development of information (e.g., plant species, treatments, research
initiatives, outreach projects) specific to the ecology, culture, and
human demographics of a region. Information and approaches can be
shared within regions without significant redesign, thereby maximizing
efficiency.

- Effective, hands-on coordination or facilitation of management, research,
and educational programs requested by stakeholders. This can be done at
a local, state, or regional scale more easily than at a national scale.

- Personal working relationships between the Center staff and regional
stakeholders – that is, the Center does not become a distant, faceless
institution. Also, the Center staff is able toworkwith diverse stakeholders
in light of other regional activities and potential partners that could add
value to a project.

- An informed yet “neutral” approach that allows a Center to coordinate
multi-state or multi-agency projects as a facilitator trusted by all.

VIII. Summary

CIPM and the other Centers mentioned above all combine service to
stakeholders with leadership of and vision for new programs in their regions. All
of them work in partnership with many organizations, agencies, and institutions.
All of them meet a public demand for science-based information. And four
out of five are funded entirely on “soft money,” i.e., on a year-to-year basis.
For regional Centers to offer prompt, efficient, science-based, ecologically- and
culturally-relevant services to stakeholders, two needs must be met: 1) stable
baseline funding, and 2) communication among regional Centers.

Stable baseline funding would allow Centers to develop long-term programs,
including granting and research programs. It would allow Centers to maintain
high-quality staff that develops histories of working with people and programs
in the region. It would also allow Centers to use more of their resources for
on-the-ground programs and less in fundraising. An ideal scenario would
be ongoing Federal funding for baseline activities (salaries/benefits for core
staff, office space and functions, communications) with an expectation that
program dollars would be derived from partnerships, competitive grants, and
provision of services. A stable financial foundation, then, would be overlaid
with shorter-term, program-specific funding to respond flexibly to stakeholder
needs in the region. This partnership scenario builds on the differing strengths
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of the federal agencies (long-term stability) and non-governmental organizations
(flexibility and responsiveness).

Finally, to maximize efficiencies, the Centers should formalize a
collaborative, non-hierarchical network of centers that shares information,
resources, and responsibilities. This network would essentially serve as a “virtual
center” for the nation without the need for new “brick and mortar” structures
or additional layers of administration. Leveraging the synergy of multiple
organizations spread across the country, the network could coordinate training
for land managers and volunteers, mentoring of cooperative weed management
areas, and an early detection communications infrastructure, for example.

Non-governmental, regional, invasive plant “centers of excellence” such as
CIPM can provide valuable services to natural resource managers, scientists,
educators, and the public. It is appropriate that they germinate and evolve
differently, according to the needs and resources of a particular region. The
national need now is to encourage regionally appropriate organizing, stable
baseline funding, and a decentralized communication network among them. The
result will be a “virtual center” that serves the nation.
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Chapter 13

Interagency Partnering for Weed Prevention –
Progress on Development of a National Early
Detection and Rapid Response System for

Invasive Plants in the United States

Randy G. Westbrooks*

U.S. Geological Survey, National Wetlands Research Center,
Whiteville, North Carolina 28472
*E-mail: rwestbrooks@intrstar.net

Over the past 50 years, experience has shown that interagency
groups provide an effective forum for addressing various
invasive species issues and challenges on multiple land units.
However, more importantly, they can also provide a coordinated
framework for early detection, reporting, identification and
vouchering, rapid assessment, and rapid response to new and
emerging invasive plants in the United States. Interagency
collaboration maximizes the use of available expertise,
resources, and authority for promoting early detection and
rapid response (EDRR) as the preferred management option
for addressing new and emerging invasive plants. Currently,
an interagency effort is underway to develop a National
EDRR System for Invasive Plants in the United States. The
proposed system will include structural and informational
elements. Structural elements of the system include a network
of interagency partner groups to facilitate early detection and
rapid response to new invasive plants, including the Federal
Interagency Committee for the Management of Noxious and
Exotic Weeds (FICMNEW), State Invasive Species Councils,
State Early Detection and Rapid Response Coordinating
Committees, State Volunteer Detection and Reporting
Networks, Invasive Plant Task Forces, and Cooperative Weed
Management Areas. Informational elements and products being
developed include Regional Invasive Plant Atlases, and EDRR

This chapter not subject to U.S. Copyright. Published 2011 by the American
Chemical Society

  P
ub

lic
at

io
n 

D
at

e 
(W

eb
):

 S
ep

te
m

be
r 

15
, 2

01
1 

| d
oi

: 1
0.

10
21

/b
k-

20
11

-1
07

3.
ch

01
3

In Invasive Plant Management Issues and Challenges in the United States: 2011 Overview; Westbrooks, R., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 2011. 



Guidelines for EDRR Volunteer Network Training, Rapid
Assessment and Rapid Response, and Criteria for Selection of
EDRR Species. System science and technical support elements
which are provided by cooperating state and federal scientists,
include EDRR guidelines, training curriculum for EDRR
volunteers and agency field personnel, plant identification and
vouchering, rapid assessments, as well as predictive modeling
and ecological range studies for invasive plant species.

I. Introduction

Since the beginning of European colonization 500 years ago, more than
50,000 species and varieties of plants and animals have been introduced into North
America. While most of these species are well behaved and provide important
benefits to human society, some of them have escaped from cultivation and are
a threat to crop production, forestry, and/or natural ecosystems. To date, about
4,200 species of introduced plants, or about 8.4 percent of total introductions,
have escaped from cultivation and established free living populations within the
country. Of this total, about 1,500 have become invasive in managed and natural
areas (1).

While only a small fraction of introduced species will become invasive, the
ones that do can have staggering economic and environmental effects. Recently,
researchers at Cornell University estimated the costs of exotic invasive species to
the American economy to be about $137 billion per year (2). Of this total, costs
and losses due to invasive plant species are now estimated to be at least $50 billion
per year (3). Unlike chemical pollutants, which can be eliminated from use and
will eventually break down in the environment, invasive species have the ability
to reproduce and spread, causing ever-increasing problems.

II. Strategies for Early Detection and Rapid Response to New
Invasive Plants

To minimize the establishment and spread of new invasive plants in the
United States, the U.S. Geological Survey is cooperating with the Federal
Interagency Committee for the Management of Noxious and Exotic Weeds
(FICMNEW), and a number of state and regional interagency partner groups,
to develop a National Early Detection and Rapid Response System for Invasive
Plants in the United States. Primary long term goals of the system include
early detection, reporting, and identification of suspected new invasive plants;
rapid assessment to determine their potential threat to various habitats and
environments; and rapid response (eradication or management) to confirmed
invaders by land managers and appropriate agencies (1, 3–10).
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III. EDRR System Overview

As outlined in theNational EDRRSystemConceptual Design plan, the system
would include a network of interagency partner groups and trained volunteers at
the local, state, regional, and national levels (structural elements), and products
and processes (informational elements) to facilitate the detection, reporting, rapid
assessment and rapid response to new invasive plants in the United States (11).
System elements, functions, and processes are shown in Table 1.

Table 1. National EDRR System – Elements, functions, and processes
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IV. Development of System Elements and Processes

Currently, a number of state and regional groups are cooperating in the
development of EDRR system elements and processes. State and regional
groups that are now involved in the effort include the Invasive Plant Atlas of
New England, the Carolinas Beach Vitex Task Force, the South Carolina Kudzu
Coalition, the North Carolina Giant Salvinia Task Force, the Southeast Exotic
Pest Plant Council (including NC-EPPC, SC-EPPC, GA-EPPC, FL-EPPC,
AL-Invasive Plant Council, and MS-EPPC), the Mid-South Invasive Species
Alliance in cooperation with Mississippi State University, and the Wyoming
EDRR Committee. Other groups that have expressed an interest in participating
in the effort include the Connecticut Invasive Plant Working Group, the
Pennsylvania Noxious Weed Task Force, the Maryland Invasive Species Council,
the West Virginia Invasive Species Working Group, the Middle Niobrara Weed
Awareness Group (Nebraska), the Colorado State Weed Team, the North Dakota
Weed Control Association, the South DakotaWeed Control Association, the Idaho
Invasive Species Council, the Southwest Vegetation Management Association
(AZ), and the Alberta Invasive Plant Council (6, 8).

In terms of new approaches for managing information on new and
emerging invasive plants, the Invasive Plant Atlas of New England (IPANE)
(WWW.IPANE.ORG) has emerged as an effective model for volunteer data
collection, archival, and analysis. Since its establishment in 2001 through a major
grant with the USDA Cooperative States Research, Extension, and Education
Service (CSREES), IPANE has trained over 750 volunteers to detect and report
on 100+ EDRR target species throughout New England. The online IPANE
database, which was initially developed by the University of Connecticut, is now
being maintained by the Center for Earth Science Information Network (CESIN)
at Columbia University – as an information node of the USGS National Biological
Information Infrastructure (NBII) (12). Other field data collection and archival
systems with similar objectives include the Invaders Database System [University
of Montana, Missoula (http://invader.dbs.umt.edu/)], the Invasive Plant Atlas
of the MidSouth [Consortium Partners - Florida Natural Areas Inventory,
New York Natural Heritage Program, Nature Conservancy, and NatureServe
(http://imapinvasives.org/)], and iMapInvasives [Invasive Plant Atlas of the
MidSouth - Mississippi State University (http://www.gri.msstate.edu/ipams/)].
A long term goal is to archive data collected by State Early Detection Networks
and the Regional Invasive Plant Atlases in national online databases such as
the USDA Plants Database (http://plants.usda.gov/), and the Early Detection,
Distribution, and Mapping System (EDDMapS) that has been developed at the
University of Georgia (http://www.eddmaps.org/).

Currently, EDRR Coordinating Committees are being established in a
number of states, to lead the development of other state and local elements
of the system. The committees will be represented by personnel from all
agencies and organizations that are involved with invasive species prevention.
The committees include representatives for detection and reporting (volunteer
coordinator), identification and vouchering (designated botanists and herbaria),
rapid assessment and rapid response (federal and state weed scientists), EDRR
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outreach and education, public and private conservation lands, federal plant
regulatory issues (APHIS), state plant regulatory issues, terrestrial weeds (state
department of agriculture), and aquatic weeds (state department of natural
resources).

V. Role of the National Institute of Invasive Species Science in
Predicting the Harmful Effects of Invasive Species in Natural

Areas

Once a new invasive plant has been detected, reported, identified, and
found through a rapid assessment to require action, a group of impacted and
potential stakeholders should be convened to determine a proper course of action.
Important questions that such a group will need to answer include the scope and
extent of the problem (determined by detection and delimiting surveys), effective
containment strategies (determined by identifying potential pathways of spread),
effective control measures (to deny further reproduction and exhaust the seed
reserves in the soil), and finally, what other areas or regions of the country
might be at risk for invasion. The answer to that final question is determined by
ecological niche modeling, which is conducted by individual scientists or by a
consortium such as the National Institute of Invasive Species Science (NIISS).

NIISS, which is administratively housed at the U.S. Geological Survey Fort
Collins Science Center in Colorado, is a consortium of governmental and non-
governmental organizations that was formed to develop cooperative approaches
for invasive species science to meet the needs of land managers and the public.
NIISS provides a hub for invasive species science collaboration, coordination, and
integration across agencies and disciplines. NIISS partners include Colorado State
University (CSU), the Natural Resource Ecology Laboratory at CSU, NASA’s
Goddard Space Flight Center, and other partners involved with invasive species
management. The overall mission of NIISS is to utilize data received from many
sources to predict and reduce the harmful effects of invasive species in natural
areas with a strategic approach to information management, research, ecological
niche modeling, technical assistance, and outreach (13).

Once field occurrence data on an EDRR target species have been collected by
trained volunteers and agency field personnel, and archived in a national online
database such as EDDMapS at the University of Georgia, NIISS scientists can
use these data to help predict what other regions of the country are at risk from
invasion. This kind of information, when combined with an analysis of potential
pathways of spread, will be very helpful in developing effective containment
strategies for minimizing the spread of a new invasive species to areas at risk
while it is being eradicated.
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VI. The Role of Land Managers and the Public in Addressing
New Invasive Plants

Land managers and the public can greatly assist in the national effort to
prevent the introduction and spread of exotic invasive plants in the following
ways.

1. Use native or noninvasive exotic plants for landscaping.
2. Eradicate and prevent the spread of new invasive plants when possible.
3. Volunteer to help remove exotics from area parks and public lands.
4. Help increase awareness and understanding of the invasive species

problems.
5. Report unknown new plants to appropriate local and state officials.
6. Archive field data on new plants in online regional and national databases

such as the USDA Plants Database and the Invasive Plant Atlas of New
England.

VII. Why Early Detection and Rapid Response?
Early detection and rapid response is one of the most biologically and

environmentally sound weed management strategies. EDRR addresses only
free-living populations of known invaders; EDRR does not restrict trade in
‘potentially’ invasive species; EDRR causes minimal and short-term impacts
on affected habitats; and, EDRR aims to restore impacted habitats to a natural
balance. Also, EDRR often leads to a new awareness of natural resources (e.g.,
previously unknown populations of native plants and animals).

VIII. Summary
The U.S. Geological Survey is cooperating with FICMNEW and a number of

local, state, and regional interagency partner groups to develop a National EDRR
System for Invasive Plants. As outlined in the 2003 EDRR Conceptual Design
Plan, the proposed system includes a number of structural and informational
elements. Structural elements of the system include interagency partner groups
such as FICMNEW, State Invasive Species Councils and State Weed Teams,
State Early Detection and Rapid Response Coordinating Committees, State
Volunteer Detection and Reporting Networks, Invasive Plant Task Forces, and
Cooperative Weed Management Areas. Informational elements and products
being developed include Regional Invasive Plant Atlases for archiving field data
on EDRR target species, Guidelines for Volunteer Training, Guidelines for Rapid
Assessment, Guidelines for Rapid Response, and Criteria for Selection of EDRR
Species. Once fully developed, the National EDRR System will provide an
important second line of defense against new and emerging invasive plants that
complements federal efforts to prevent the introduction of foreign invasive plants
at U.S. ports of entry (the first line of defense). With both prevention and early
warning systems in place, the nation will be better able to defend against future
economic and environmental losses due to “plants out of place.”
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Note: A comprehensive overview of the concept of ‘early detection and rapid
response’ (including a review of two EDRR programs in Australia) was recently
published in the University of California Press - Encyclopedia of Biological
Invasions (9).

IX. Additional Resources on Early Detection and Rapid
Response

• Brooks, M.; Klinger, R. C. Practical Considerations for Early Detection
Monitoring of Plant Invasions. In Management of Invasive Weeds;
Inderjit, Ed.; Springer: New York, 2009; pp 9−33.

• Panetta, F. Evaluation of weed eradication programs: Containment and
extirpation. Diversity and Distributions. 2007, 13, 33−41.

• Rejmánek, M.; Pitcairn, M. When is Eradication of Exotic Pest Plants a
Realistic Goal? In Turning the Tide: The Eradication of Invasive Species;
Veitch, C., Clout, M., Eds.; IUCN: Gland, Switzerland and Cambridge,
U.K., 2002; pp 249−253.

• Sand, P.; Eplee, R.; Westbrooks, R., Eds.; Witchweed Research and
Control in the United States; Monograph #5; Weed Science Society of
America, 1990, 154 pp.

• U.S. Geological Survey, National Biological Information
Infrastructure. National EDRR Framework Website. http://
www.frogweb.gov/portal/community/Communities/Ecological_Topics/
Invasive_Species/Early_Detection,_Rapid_Response_(EDRR)/
Early_Detection_Rapid_Response/.
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Chapter 14

New Approaches for Volunteer Data Collection
and Analysis − The Invasive Plant Atlas of New

England

Leslie J. Mehrhoff*

Invasive Plant Atlas of New England, University of Connecticut, Storrs, CT
*E-mail: les.mehrhoff@uconn.edu

Figure 1

The Invasive Plant Atlas of New England (IPANE) is a
multifaceted approach to early detection that covers the six
New England States (Maine, New Hampshire, Vermont,
Massachusetts, Rhode Island, and Connecticut). IPANE
was started in 2001 by a partnership between scientists and
conservationists from the Ecology & Evolutionary Biology
Department at the University of Connecticut, the Silvio
O. Conte National Fish and Wildlife Refuge, and the New
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England Wild Flower Society. Funding for the effort was
provided by a competitive grant from the USDA Cooperative
State Research, Education and Extension Service (CSREES).
Although the primary goal of IPANE was to establish a
regional early detection network of trained volunteers, other
components of the program include the IPANE website
(http://nbii-nin.ciesin.columbia.edu/ipane/) which features a
catalog of species information, interactive databases of historic
and current distributional data on invasive and potentially
invasive plants in New England, biological and ecological
research, and public outreach (Figure 1).

I. Introduction – New England, an Invaded Region

New England is an invaded landscape. Given the size of some of the New
England states, biologically it is much more practical to look at the region as a
whole rather than from an individual state’s perspective. States in New England
range in size from the very small Rhode Island (the smallest state in the United
States) with only 1,545 square miles to Maine, the largest of the 6 states, with
35,385 square miles. The entire region covers 71,992 square miles, making it
slightly larger than the states of North Dakota or Washington (Figure 2).

Figure 2. New England. URL: http://growingbolder.com/media/uncategorized/
new-england-outline-map-gif-186781.html#content_tabs
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To put its size in perspective, New England is comprised of the 50th, 48th,
46th, 45th, 44th, and 39th largest states in the United States (1). Conversely, New
England has a reasonably high rate of urban and suburban development, including
areas such as Boston at the northern end of the infamous “BosNYWash Corridor”
or Northeast Megalopolis. This includes cities like Manchester, NH, Worcester,
MA, Providence RI, Hartford and New Haven, CT (2).

In contrast there are areas in New England such as the nearly 800,000 acre
White Mountain National Forest (3) and northern Maine that are still primarily
undeveloped and contain many large wilderness areas. This is especially amazing
in light of the fact that the White Mountain National Forest receives over 6 million
visitors a year and is within a day’s drive of 70 million people (3).

Not surprisingly, these northern areas of the region are not highly invaded at
this point in time (4). Yet the fact that so many people visit these less invaded
areas every year provides a strong rationale for closely monitoring them to ensure
new invaders are detected and promptly addressed.

II. Establishment of IPANE

Initially, IPANE was established to gather basic data on existing invasive
and potentially invasive plants in the region, to make these data available in
web-accessible databases and maps of incursions, and to assist public and private
management efforts by providing helpful education material. To accomplish
this, IPANE maintains a network of professionals and trained volunteers who
gather information and attempt to locate new incursions before they become
well established and widespread. Another major component of the IPANE
Program is to encourage and to conduct research on the biology and ecology of
invasive plants. Data gathered by IPANE volunteers are being used to develop
predictive distribution models for the region. This program is using the synergy
of all its partners to create a regional early detection network to help curtail the
establishment and spread of new invaders in the New England region (4).

A. Importance of Volunteer Data Collection in Developing EDRR Capacity
at the State and Local Levels

In June 2000, a workshop on the development of a National EDRR System
for Invasive Plants was hosted by the U.S. Geological Survey (Dr. Randy
Westbrooks) and the Federal Interagency Committee for the Management
of Noxious and Exotic Weeds (FICMNEW) (Figure 3). Following that first
national EDRR workshop, FICMNEW published a conceptual Design Plan
that outlined the elements of that proposed system (5). The National Invasive
Species Management Plan, which was published by the National Invasive Species
Council in 2001, also included Early Detection and Rapid Response (EDRR)
as one of its key elements(6, 7). These early efforts highlighted the need for a
coordinated system to detect and respond to new invasions before they become
established and begin to spread. It also confirmed the important role of volunteer
data collection and analysis in detecting and managing new invaders. IPANE was
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created to fill this need in the northeastern United States. IPANE also addresses
other components of the 2001 National Invasive Species Management Plan,
including development of interagency partnerships at the state and local levels, as
well as public awareness and education.

Figure 3. Les Mehrhoff, Cindy Boettner (Silvio O. Conte National Wildlife
Refuge, Turners Fall, MA) and Brian Bowen (Tennessee Exotic Pest Plant

Council) at the First National EDRR Workshop in Ft. Collins, Colorado, June,
2000. Image by Randy G. Westbrooks, U.S. Geological Survey.

B. EDRR - The Central Theme of IPANE

After the National EDRR Workshop in Ft. Collins, Colorado, in 2000, it
was clear that early detection and reporting should be the central theme of the
IPANE effort for a number of reasons. First of all, it seemed like a logical place
to start. Prevention is often cited as the best way to avoid problems from non-
native species which could potentially become established and widespread in a
region. However, since none of the program partners are federal or state plant
regulatory agencies, IPANE has no authority or other effective means to “prevent”
a new invasive species from being introduced into New England. Detecting it soon
after it established free living populations appeared to be the next best goal. The
ultimate success of IPANE depends on the synergism of the partners as well as
trained volunteers to detect certain high profile species that will cause more and
more problems if they are not addressed.

All three partner groups are strongly committed to the success of the
effort. However, the long term success of any EDRR effort depends heavily
on early detection and reporting by a network of trained volunteers and agency
field personnel. Fortunately, there are a large number of people throughout
New England who are good field naturalists and have a strong commitment to
conservation and the preservation of biodiversity. This potential volunteer pool
greatly increases the chances that new and unexpected invaders will be detected
in New England while there is still time to address them.
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III. Species Being Tracked by IPANE

IPANE volunteers are currently gathering distribution data on 120 vascular
plant species that are regarded as invasive or potentially invasive in New England.
This includes species that are listed as State Noxious Weeds in the region, as well
as other non-regulated species that pose a threat to natural areas or waterways.

A number of well-known target invasive species that occur throughout the
region include Autumn olive (Elaeagnus umbellata Thunb.), Glossy buckthorn
(Frangula alnus P. Mill.), Japanese barberry (Berberis thunbergiiDC.), Multiflora
rose (Rosa multiflora Thunb. ex Murr.), and Oriental bittersweet (Celastrus
orbiculatus Thunb.) (Figure 4). These species are very common in across
southern New England in the states of Connecticut, Rhode Island, Massachusetts
and southern parts of Vermont, New Hampshire, and coastal Maine.

Figure 4. Oriental bittersweet. Image by Les Mehrhoff, IPANE.

Other species are widespread and common in some parts of New England and
appear to be expanding into other areas of the region. While these species are well
known where they have become common, they are often overlooked in a new area
until they become widespread and difficult/expensive to manage. Examples of
species that are still spreading and thus not well known in some parts of the region
include: Burning bush orWinged euonymus [Euonymus alatus (Thunb.) Siebold],
Garden heliotrope (Valeriana officinalis L.), Garlic mustard [Alliaria petiolata (M.
Bieb.) Cavara & Grande], Japanese stiltgrass [Microstegium vimineum (Trin.)
A. Camus] (Figure 5), Narrowleaf bittercress (Cardamine impatiens L.), Wine
raspberry (Rubus phoenicolasiusMaxim.), and Water chestnut (Trapa natans L.).
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Figure 5. Japanese stiltgrass. Les Mehrhoff, U-GA, Bugwood Image Gallery.
URL: http://www.invasive.org/browse/detail.cfm?imgnum=5271068

A third group of species are not widely distributed or only occur in a very few
occurrences in any part of the New England region at this point. These taxa are
often unknown or not familiar to most people and are easily overlooked. Yet, if
they become established, they have the potential of rapid and unnoticed dispersal.
Examples of these new invaders include: Amur honeysuckle [Lonicera Maackii
(Rupr.) Herder], Flowering rush (Butomus umbellata L.), Hydrilla [Hydrilla
verticillata (L. f.) Royle] (Figure 6), Japanese sand sedge (Carex kobomugi
Ohwi), kudzu [Pueraria montana var. lobata (Lour.) Merr.], mile-a-minute vine
(Polygonum perfoliatum L.), and Northern frog-bit (Hydrocharis morsus-ranae
L.).

Figure 6. Hydrilla in a pond in Mystic Seaport, CT. Image by Randy G.
Westbrooks, USGS, Whiteville, NC.
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This last group includes some of the species on the IPANE early detection
web page (http://nbii-nin.ciesin.columbia.edu/ipane/earlydetection/early.htm).

IV. Development of the IPANE Volunteer Early Detection
Network

One of the primary goals of the IPANEProgram has been to develop a network
of trained volunteers who not only can locate incursions of invasive and potentially
invasive plants, but also gather some basic ecological data on the occurrence that
can be used in rapid assessment, scientific research, and management efforts. The
original goal was to train 25 volunteers per state per year with an overall goal of
having at least 450 trained volunteers across the region. Presently, there are over
600 trained IPANE volunteers associated with the program in the six New England
states and in New York state.

IPANE training consists of a day-long training session that covers the IPANE
program, survey site selection, identification of target species, data to be collected
at each site, data submission protocols, and other useful field information.
Although other kinds of advanced training programs are offered by IPANE
partners, a person must attend at least one of the introductory training sessions
to be registered as an official IPANE volunteer. Once they have received the
introductory training, each volunteer chooses a USGS Topographic Quadrangle in
which to focus their survey efforts, although they can submit data from anywhere
in New England. As of 2007, trained volunteers had submitted over 4,800 field
forms representing single plots surveyed. The forms, which can be for terrestrial
or aquatic sites and can be submitted on-line, have yielded reports for over 10,000
occurrences of invasive plants so far.

V. Volunteer Training – Overview of Introductory and
Advanced Training Workshops

In general, IPANE partners are focused on creating a Regional Early
Detection and Reporting Network in order to curtail new invasions before they
become widespread in New England. To achieve this goal, IPANE offers both
Introductory and Advanced Training Workshops.

Introductory training workshops generally focus on widespread species and
species that are still spreading within the region. These workshops ensure that
new volunteers will have success in detecting and reporting new occurrences of
widespread species in the region (Figure 7).

Once a volunteer has learned to identify widespread target species, the next
step is to train them to identify early detection species – species that they are
unlikely to see very often. IPANE Advanced Training Workshops are provided for
volunteers who can readily identify target widespread species and want to learn
about Early Detection Target Species. Having both Introductory and Advanced
Training Workshops ensures that volunteers will have good success in collecting
data on commonplace, spreading, and new invasive plants in the region.
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Figure 7. IPANE volunteers. Image by Les Merhoff, IPANE. URL:
http://nbii-nin.ciesin.columbia.edu/ipane/volunteers/become.htm

VI. Additional Strategies for Early Detection and Monitoring of
Localized Early Detection Sites

IPANE has developed two other strategies for early detection of new invasive
plants in New England. This includes reporting of suspected new invaders by
the general public, and ongoing monitoring of selected Localized Early Detection
Sites.

A. Reporting of Suspected New Invaders by the General Public

The IPANE website has a page where anyone can submit a report on a
suspected new invader (http://nbii-nin.ciesin.columbia.edu/ipane/earlydetection/
sightings.jsp). This page includes a place for a name, email address, telephone
number, a “your note to our staff,” and the ability to attach up to three digital
images. Anyone can submit a report about an unknown plant in New England
to the IPANE staff. To date, no taxa previously unknown in New England have
come to IPANE’s attention through this mechanism. However, every report is
evaluated and a note about the plant is sent back to the person that submitted
it. This helps to ensure that they will maintain and interest in the program, and
hopefully become an official IPANE volunteer (Figure 8).
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Figure 8. IPANE Report a Sighting Web page. URL: http://nbii-
nin.ciesin.columbia.edu/ipane/earlydetection/sightings.jsp

B. Survey and Monitoring of Selected Localized Early Detection Sites

Currently, IPANE partners are developing a network of Localized Early
Detection Sites (LEDS). A LEDS is a site such as a National Forest, a National
Wildlife Refuge, a National Park, a State Park, a botanical garden or arboretum,
or even a land trust preserve or set of preserves. Almost any parcel of land could
fit this concept if there is an agency, organization, or group of people in charge
and with a vested interest in slowing the spread of invasive plants on to the land
they manage. IPANE is currently working to establish a LEDS in and around
the White Mountain National Forest and others at smaller venues around New
England (Figure 9).

Once a potential LEDS site is identified, IPANE partners work with site
managers and volunteers to formulate a list of 6-12 “early detection species” for
that site. These are species that are likely to be introduced through known vectors
or pathways of introduction, or are already present in low numbers on the site.
IPANE then provides EDRR Train-the-Trainer Workshops for the site staff. In
turn, the LEDS staff is expected to train volunteers and visitors to further increase
the chances that target species will be detected. The long term goal is to establish
a network of LEDS throughout New England.

Themain idea behind EDRR is for people to detect and eradicate new invasive
plants on the land they manage – whether it is new to the country (USDA APHIS),
a state (State Department of Agriculture), a county (County Weed Supervisor),
a National Forest, a farm, or their own back yard. Survey and monitoring of
localized early detection networks is a very good way to promote the concept
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of EDRR as the preferred management strategy for new and emerging invasive
species on the lands that people manage.

Figure 9. Silvio O. Conte National Wildlife Refuge. Invasive Species Page. URL:
http://www.fws.gov/r5soc/invasive_species/index.html#invasiveplants

VII. IPANE Successes – Examples of Notable Early Detection
Reports

Since IPANE was established in 2000, there have been a number of early
detection success stories around New England. Three notable cases involved early
detection of Tansy ragwort, mile-a-minute vine, and kudzu.

A. Early Detection of Tansy Ragwort in Central Massachusetts

One of the first notable cases involved a report of Tansy ragwort (Senecio
jacobaea L.) in central Massachusetts (Figure 10). Because of the abundance of
this invasive species in eastern Canada and the historic records for its occurrence
in both Maine and Massachusetts, IPANE partners initially used this as a
good example of an “early detection species” for New England. Following a
presentation on IPANE to the staff of the Massachusetts Audubon Society in 2002,
Audubon botanist Tom Rawinski, reported a 3-5 acre infestation of Tansy ragwort
in Worcester County, Massachusetts. With the landowner’s permission, IPANE
coordinated a site visit with weed specialists from the University of Massachusetts
Extension Service, the Massachusetts Department of Agriculture (which has the
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statutory responsibility for invasive species and noxious weeds control in the
Commonwealth of Massachusetts), and a specialist from the local USDA Natural
Resource Conservation Service (NRCS) office. Following the survey, the group
met with the landowner to discuss control options for the infestation. IPANE
further assisted in the effort by surveying nearby areas for additional infestations.

Figure 10. Tansy ragwort in Worcester County, Massachusetts. Les Mehrhoff,
U-GA, Bugwood Image Gallery. URL: http://www.invasive.org/browse/

detail.cfm?imgnum=5274074

B. Early Detection of Mile-a-Minute Vine in Litchfield County, Connecticut

In 2004, an IPANE volunteer reported a roadside incursion of Mile-a-minute
vine on a roadside in Litchfield County, CT, where it was not known to occur
previously (Figure 11). At the time, this new occurrence represented the northern
most known incursion of this species in New England. The volunteer, Betsy
Corrigan, not only reported the discovery, but informed the landowner of the
infestation and then contacted the Connecticut Department of Transportation
for assistance. After that, Betsy called together a group of IPANE volunteers
and members of the Connecticut Invasive Plant Working Group to manually
remove the plants. After learning about several other nearby mile-a-minute vine
incursions, Betsy established a local Mile-a-Minute Vine Task Force to detect and
raise money for additional control efforts.
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Figure 11. Infestation of mile-a-minute vine in Connecticut. Les Mehrhoff,
U-GA, Bugwood Image Gallery. URL: http://www.forestryimages.org/browse/

detail.cfm?imgnum=5273090

C. Early Detection of Kudzu in Southwestern Connecticut

In 2007, IPANE received a report of kudzu in southwestern Connecticut
through its “Report a Sighting” webpage. The site, which was subsequently
visited by IPANE staff, was found to have an extensive stand of this well-known
invader. It appeared as if the property belonged to the Connecticut Department of
Transportation (CT-DOT) because of its proximity to an abandoned toll plaza on
a major interstate. Once it was determined that CT-DOT did have responsibility
for the site, a roadside vegetation management crew was dispatched to control the
infestation with herbicides. Since that time, CT-DOT has continued to monitor
the site annually, and re-treats kudzu plants that survived the initial treatment
(Figure 12).
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Figure 12. Kudzu in Southwest Connecticut. Les Mehrhoff, U-GA,
Bugwood Image Gallery. URL: http://www.invasive.org/browse/

detail.cfm?imgnum=5274008

VIII. The Future – Establishment of a Northeastern America
Early Detection Network in New England, New York, and

Atlantic Canada

In 2007, The Canadian Food Inspection Agency (CFIA) and Environment
Canada convened a conference in Truro, Nova Scotia, to discuss invasive species
issues in the four Atlantic Canada provinces, including New Brunswick, Nova
Scotia, Prince Edward Island, and Newfoundland. The overall objective of the
meeting, which was entitled, “Atlantic Environment and Invasive Plants: Who,
What, When, Where, Why, and Weeds,” was to discuss possible collaborative
possibilities for managing invasive plants in eastern Canada. Representatives
of National and Provincial government agencies, conservation organizations,
academia, and concerned individuals attended the two day event. Dr. Les
Mehrhoff, Director of IPANE, was invited by Bruno Gallant of the CFIA to make
a presentation about IPANE as “the neighbor to the south and west of the region”.
At that meeting, Dr. Mehrhoff gave an overview of IPANE, and discussed how a
volunteer data collection network such as IPANE might work in Atlantic Canada.
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During the meeting, it was realized that IPANE could serve as the
foundation for development of a Northeastern America Early Detection Network
encompassing New England, New York, and Atlantic Canada. Once volunteer
data collection networks are developed in New York and Atlantic Canada, it
would be quite simple to develop an international data sharing system – essentially
an international early warning system for new and emerging invasive plants. As
envisioned, the new network could be developed in three phases.

A. Phase I – Early Detection Alerts by IPANE

In Phase I of the effort, IPANE would begin issuing Early Detection Alerts
to regional EDRR partners in Atlantic Canada, New England, and New York,
based on field reports from IPANE volunteers. Alerts would be issued via an
e-mail listserve to designated agencies and organizations that need to be aware
of such new weed problems (e.g., State and Provincial Departments/Ministries
of Agriculture and Natural Resources, USDA APHIS and CFIA, The Nature
Conservancy, etc.).

B. Phase II – Early Detection Alerts by Regional Early Detection Network
Partners in Canada and New York

In Phase II of the effort, Early Detection Network Partners in Canada and New
York would begin issuing Early Detection Alerts via the Regional Early Detection
Listserve to other partners in the Regional Network.

C. Phase III – Local Dissemination of Early Detection Alerts

In Phase III of the effort, all of the Regional Early Detection Network Partners
would begin to disseminate Early Detection Alerts to their local agencies and
organizations that are involved with invasive plant management

This proposal clearly increases the scope of the U.S. National Early Detection
System for Invasive Plants to an international level. Data flowing through a
regional network of volunteer data collection networks programs modeled after
IPANE would be very useful in the overall effort to prevent the establishment
and spread of new invasive plants in Northeastern North America. At this point,
funding is the primary limitation for development of such an international early
detection network. However, U.S. and Canadian partners have agreed to move
forward with the idea once funding does become available.

Note: If established, the Northeastern America Early Detection Network
would be the first element of a North American EarlyWarning System for Invasive
Plants as initially proposed by Dr. Randy Westbrooks at the Third Bi-annual
Weeds Across Borders Conference in Hermosillo, Sonora, Mexico, in 2006. The
key to this is having functional State/Regional and Provincial Early Detection
Systems in partner states and provinces. Having a trained early detection network
in each state and province is the foundation of such an EDRR system.
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D. Case Study: Fig Buttercup – An Early Detection Species That Shows the
Utility of a Northeastern America Early Detection Network

Fig buttercup (Ranunculus ficaria L.) provides a useful example of how a
U.S.-Canadian Early Detection Network would benefit agencies in New England,
New York, and the provinces of Atlantic Canada (Figure 13). Fig buttercup has
been known in New England since 1890s although it is unclear if the specimen
came from a garden or was taken in the wild. It is now increasingly common
in Connecticut, Rhode Island, and Massachusetts. It does not appear to exist in
Vermont. It was first collected in the wild in southern New Hampshire in 1962.
Recently, it was reported as growing wild in a botanical garden in Maine (perhaps
as a garden escape). It also has been planted in a botanical garden in St. John,
Newfoundland (C. Kasimos, pers. comm.).

Figure 13. Fig buttercup. Les Mehrhoff, U-GA, Bugwood Image Gallery. URL:
http://www.invasive.org/browse/detail.cfm?imgnum=5274014

Fig buttercup appears to be rapidly spreading in the southern New England
states and adjacent NewYork as an increasing number of reports of new incursions
are being issued every year. In this instance, notifying list-serve members of the
apparent increase and spread of this species would give agencies and organizations
more insight about possible vectors and pathways of spread. Alerts would also
warn people working in botanical gardens throughout the region to take special
care with this species, and to quickly eradicate it before it has a chance to spread
from intentional plantings. If it is completely removed from such sites, its ultimate
spread into Atlantic Canada might be dramatically delayed or even stopped. This
might help avoid the expensive control efforts that have to be undertaken where
Fig buttercup has become a serious problem.
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IX. Summary

The Invasive Plant Atlas of New England (IPANE) is an interagency
partnership that was developed in the early 2000s for early detection and reporting
of new invasive plants in the New England region of the United States. Over the
past 10 years, over 600 trained volunteers have submitted more than 10,000 field
records on previously unknown occurrences of 120 target invasive plants in the
region. Initially, IPANE volunteers are trained to detect and report on common
place or spreading invasive plants. Volunteers who are interested in receiving
advanced training are trained to identify early detection species that are seldom
seen and sometimes difficult to separate from native species. Detection of new
infestations of Tansy ragwort, mile-a-minute vine, and kudzu, are examples of
recent successes by IPANE. IPANE is widely recognized as one of the most
successful invasive plant volunteer data collection networks that has ever been
developed.
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Chapter 15

Overview and History of the Beach Vitex Task
Force – An Interagency Partnership in Action

Randy G. Westbrooks*,1 and Elizabeth N. Brabson2

1U.S. Geological Survey, National Wetlands Research Center,
Whiteville, North Carolina 28472

2South Carolina Coordinator, Beach Vitex Task Force,
Georgetown, South Carolina 29440
*E-mail: rwestbrooks@usgs.gov

Beach vitex (Vitex rotundifolia L. f.), a woody vine from Korea,
was introduced into the United States as a dune stabilization
plant in the mid-1980s. By the mid- to late-1990s, Beach vitex
was observed spreading from landscape plantings along the
South Carolina coast, crowding out native dune species. In
2003, in response to concerns about possible impacts of the
plant on native dune species, as well as loggerhead sea turtle
nesting habitat, the South Carolina Beach Vitex Task Force was
organized to address the problem. Since that time, the effort to
control Beach vitex has expanded to include North Carolina,
and more recently, Virginia.

I. Introduction

Beach vitex is a woody vine that is native to the Pacific Rim. In themid-1980s,
Beach vitex was imported by the North Carolina State University Arboretum from
the beaches of Korea for use as a beach stabilization plant in the southeastern
United States. It was planted for erosion control on South Carolina beaches in the
early 1990s in response to the devastation caused by Hurricane Hugo (Figure 1).

By the mid- to late-1990s,Tommy Socha, a dune restoration specialist with
the U.S. Army Corps of Engineers in Charleston, South Carolina, began to notice
Beach vitex spreading from landscape plantings on beaches along the South
Carolina coast, crowding out native species like Sea oats (Uniola paniculata L.)
and Sea beach amaranth (Amaranthus pumilus Raf.). [Note: Sea beach amaranth

© 2011 American Chemical Society
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is listed as a federally threatened species by the U.S. Fish and Wildlife Service,
and as a species of special concern, as threatened, or endangered by the states
of Connecticut, Maryland, New Jersey, New York, North Carolina, and Rhode
Island (1).] At that time, the primary concern was about the ultimate impact of
Beach vitex on multi-million dollar Corps Dune Restoration Projects along the
Carolina coast.

Figure 1. Beach vitex at DeBordieu Colony Beach, Georgetown, South Carolina.
Image by Randy G. Westbrooks.

II. Why Is Beach Vitex a Problem?

Unlike native Sea oats which have fibrous roots that help anchor sand dunes
against storm waves, Beach vitex has a long tap root that anchors the plant itself
during major storm events, but does little to help protect the dune against erosion.
Beach vitex is also largely ineffective as a dune building plant because its low
profile and tight canopy of leaves do not trap wind-blown sand. For this reason,
it does not continually build up sand dunes as efficiently as native grasses such as
sea oats and other species. Without constant replenishment with wind-blown sand,
invaded sand dunes are much more susceptible to erosion than dunes populated
with native dune species (Figure 2).

III. Establishment of the South Carolina Beach Vitex Task
Force

In 2003, after watching the spread of large plantings as well as the appearance
of numerous seedlings of Beach vitex on the beaches of GeorgetownCounty, South
Carolina, Betsy Brabson and other volunteers with the South Carolina United
Turtle Enthusiasts (SCUTE) began expressing concerns about the possible impacts
of the plant on native dune plants, as well as loggerhead sea turtle nesting habitat
and behavior.
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Figure 2. Dune erosion permitted by Beach vitex at DeBordieu Colony Beach,
Georgetown, South Carolina. Image by Randy G. Westbrooks.

In November, 2003, after contacting a number of state and local agencies,
SCUTE volunteers collaborated with the U.S. Geological Survey to host the first
U.S. Beach Vitex Symposium. The meeting, which was held at the Belle W.
Baruch Institute near Georgetown, South Carolina, was attended by a number
of concerned citizens, as well as representatives from federal, state, and local
agencies and organizations. Topics discussed included the potential impact of the
plant on dune ecosystems, on the U.S. Army Corps of Engineers’ multi-million
dollar beach restoration projects along the Carolina coast, and on property values
in affected communities. Following the symposium, an interagency partnership -
the South Carolina BeachVitex Task Force - was organized to address the problem.
In 2004, the task force received its first challenge grant of $47,000.00 from the
National Fish and Wildlife Foundation and the Federal Interagency Committee
for the Management of Noxious and Exotic Weeds (FICMNEW) to assist in the
effort (Figure 3).

Figure 3. Flowers of Beach vitex. Image by Randy G. Westbrooks.
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IV. Establishment of the Carolinas Beach Vitex Task Force

In the winter of 2005, a meeting was held in Wilmington, North Carolina,
to discuss the impact of Beach vitex on coastal communities in North Carolina.
At that time, it was clear that a regional effort would be needed to address the
problem. As a result, the Carolinas Beach Vitex Task Force was established to
help coordinate efforts to address the plant in both states.

Table 1. Principle partners in the Carolinas Beach Vitex Task Force

BASF Corporation South Carolina Department of Natural
Resources

Belle W. Baruch Foundation South Carolina Exotic Pest Plant Council

Clemson University South Carolina Native Plant Society

DeBordieu Colony Community
Association, Georgetown, S.C.

South Carolina Nursery & Landscape
Association

Ft. Fisher Aquarium in Carolina Beach,
North Carolina

South Carolina State Parks System

Gaylord and Dorothy Donnelley
Foundation

South Carolina Department of Health and
Environmental Control, Office of Coastal
Resource Management, Regulatory
Services

Georgetown County, South Carolina South Carolina United Turtle Enthusiasts
(SCUTE)

North Carolina Department of Agriculture
and Consumer Services

University of South Carolina

North Carolina Department of
Environment and Natural Resources

U.S. Fish and Wildlife Service

North Carolina Exotic Pest Plant Council U.S. Geological Survey

North Carolina Native Plant Society U.S. Army Corps of Engineers

North Carolina Sea Turtle Network
Volunteers

Winyah Bay National Estuarine
Research Reserve (National Oceanic and
Atmospheric Administration),

North Carolina State Parks System USDAAnimal and Plant Health Inspection
Service

North Carolina State University USDA Natural Resources Conservation
Service

Pawleys Island (Town of), South Carolina

Since 2003, the South Carolina Beach Vitex Task Force has been coordinated
by Betsy Brabson. Efforts in North Carolina were initially coordinated by the
late David Nash, a dune restoration specialist with the New Hanover County
Cooperative Extension Service, with assistance from Dale Suiter, an Endangered
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Species Biologist with the U.S. Fish and Wildlife Service in Raleigh. The effort
in North Carolina is now being coordinated by Melanie Doyle, a horticulturalist
with the Ft. Fisher Aquarium in Carolina Beach, with continued assistance from
Dale Suiter.

Principal partners (lead agencies and organizations) in the Carolinas Beach
Vitex Task Force are listed in Table 1.

The project also includes numerous cooperators, including impacted and
potential stakeholders (home owners, municipalities, and counties) that own or
manage properties in or near coastal communities that are infested with Beach
vitex.

V. Progress in Addressing Beach Vitex in South Carolina

Since the establishment of the Beach Vitex Task Force in 2003, the South
Carolina project has been organized into three phases with a number of specific
goals and objectives. These include:

Phase 1 – Task Force Establishment and Organization

- Interagency Coordination - Task Force Organization and Planning

• Annual Work Plan, Annual Symposium, Winter and Summer
Planning Meetings

- Early Detection and Reporting

• Volunteer Recruitment and Training
• Seedling Detection and Removal on Public Beaches
• Documentation and Reporting of Landscape Plantings of Beach

vitex along the Carolina Coast

- Data Archiving – Creation of a Beach Vitex Distribution Database

• Currently, the Beach Vitex Database includes information on
over 555 confirmed infestations in coastal communities in both
states combined

- Information and Public Outreach

• Numerous Seminars, Lectures, Articles, Interviews
• Task Force Website (2)
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- Control and Restoration

• Development of biologically sound eradication and restoration
methods on four infested sites in Georgetown County, South
Carolina, by Clemson University Researchers

- Regulatory Framework

• Several local ordinances have been passed by municipalities
to prohibit further sale and planting of Beach Vitex along the
South Carolina coast, including Pawleys Island, Georgetown
County, Isle of Palms, Folly Beach, Kiawah Island, Dewees
Island, Town of Edisto Beach.

• A Beach Vitex Weed Risk Assessment was completed by the
U.S. Geological Survey in 2006.

• Possible Listing as a Federal Noxious Weed - The Beach Vitex
Weed Risk Assessment was submitted to the USDA Animal
and Plant Health Inspection Service for consideration in listing
Beach Vitex as a Federal Noxious Weed in 2006. The proposal
was initially rejected since Beach Vitex is listed as being native
to Hawaii in some publications on the flora of Hawaii (3) (4).
Currently, the proposal to list Beach vitex as a Federal Noxious
Weed is being reviewed by USDA APHIS once again.

• Possible Listing as a State Noxious Weed in South Carolina
- The Beach Vitex Weed Risk Assessment was submitted
to the Clemson University Plant Industry Department for
consideration in listing Beach vitex as a State Noxious Weed in
South Carolina in 2007. That request was ultimately rejected by
the South Carolina Department of Agriculture and the Clemson
University Plant Industry Department in 2010 because Beach
vitex is not considered to be a problem statewide. Unlike North
Carolina and Virginia which can choose to regulate a State
Noxious Weed in designated counties of those states, listed
State Noxious Weeds in South Carolina are regulated in all 46
counties – “all or none”.

- Phase 1 Funding – Since 2004, the South Carolina Beach Vitex Task
Force has received a total of $217,000.00 in challenge grants from the
Pulling Together Initiative (PTI) Grant Program under the National Fish
& Wildlife Foundation.

• 2004−2005 ($47,000)
• 2005−2006 ($30,000)
• 2006−2007($40,000)
• 2007–2008 ($40,000)
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• 2008−2009 ($40,000)

Phase 2 - Large Scale Eradication and Restoration Demonstration
Until his retirement inMarch, 2008, Phase 2 of the South Carolina Beach vitex

effort was led by Dr. Chuck Gresham, a Forest Ecologist with Clemson University,
at the Belle W. Baruch Institute in Georgetown, South Carolina. In this phase, Dr.
Gresham expanded his eradication/restoration research which was initiated on four
infested sites under Phase 1, to include eradication and restoration efforts on 75
infested sites in Georgetown and Horry Counties, South Carolina. Research has
shown that the most effective method of control includes a directed application
of the herbicide imazapyr (Trade Name – Habitat®) which is produced by BASF,
Inc. In the first summer or fall of treatment effort, Habitat is applied to hacked
stems of Beach vitex to ensure effective penetration of the active ingredient of
the compound. After this, treated plants are left in place over the winter to help
anchor the dune against winter storms, and to permit complete translocation of
the chemical throughout the plant. In the spring of the second year, the treated
(usually now dead) Beach vitex plants are cut back to the dune surface, and native
dune plants [primarily Sea oats and Bitter panicum (Panicum amarum Elliott)]
are replanted and fertilized. While this is a very labor intensive method (a 1.6
acre infestation required 200 man hours to treat), it is quite effective in eradicating
Beach vitex from a site and restoring it with native dune plants. [NOTE: It is
essential that treated areas be monitored for regrowth and promptly treated again
to ensure total eradication.] Prior to his retirement in 2008, Dr. Gresham and his
field crewmade good progress toward eradicating all confirmed Beach Vitex north
of Winyah Bay to the North Carolina state line.

Phase 2 of the South Carolina project has been supported by the following
grants:

• 2006−2007: $133,005 Grant – National Fish and Wildlife Foundation
(U.S. Fish and Wildlife Service − Savannah-Santee-Pee Dee Ecosystem
Team).

• 2007−2008: $135,000 Private Stewardship Grant – U.S. Fish and
Wildlife Service

• 2007: $50,000 Grant – USDA Natural Resources Conservation Service,
Columbia, S.C.

• 2007: $25,000 Grant – Gaylord and Dorothy Donnelley Foundation,
Chicago, IL

• 2008: $15,000 Grant – Town of Pawleys Island, S.C.

Phase 3 – Final Eradication of BeachVitex from the SouthCarolinaCoast
Since Dr. Gresham retired in 2008, field operations of the Beach Vitex

Project in South Carolina have been coordinated by Mr. Jack Whetstone, an
Aquaculture Specialist with Clemson University at the Belle W. Baruch Institute,
and Mr. Hal Droder, a private contractor. Under their leadership, all of the 230
known infestations of Beach Vitex along the South Carolina coastline have been
chemically treated at least once. Under Phase 3 of the Beach Vitex Project,
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infestations that resprout will be retreated and ultimately eradicated. This terminal
phase of the project is being supported by a $59,000.00 grant from the U.S. Fish
and Wildlife Service. The grant will be administered by the Georgetown County
Soil and Water Conservation District.

Also, under Phase 3, efforts will be made to expand local ordinances against
planting of Beach Vitex in communities along the South Carolina Coast. Finally,
additional efforts will be made to encourage the listing of Beach Vitex as a State
Noxious Weed in South Carolina, and as a U.S. Federal Noxious Weed by USDA
APHIS PPQ.

VI. Progress in Addressing Beach Vitex in North Carolina

Since the Carolinas Beach Vitex Task Force was established in 2005, principal
partners have made substantial progress in starting to address the problem in North
Carolina.

• Task Force Partners have worked with project cooperators to document
landscape plantings of Beach Vitex in all coastal communities (now
included in the Task Force Database). Task Force partners, cooperators,
and volunteers are conducting detection and delimiting surveys to
document all infestations of the plant along the North Carolina coast.

• Task Force Coordinators have developed a work plan to guide partner and
cooperator activities.

• There has been progress in establishing regulatory authority to prevent
further sale and planting of Beach Vitex in coastal communities of the
state.

• A number of municipalities have passed ordinances against
further sale and planting of Beach vitex along the North
Carolina Coast. To date, this includes Baldhead Island, Ocean
Isle Beach, Caswell Beach, Pine Knoll Shores, North Topsail
Beach, and Topsail Island.

• In the spring of 2007, the Weed Risk Assessment that was
completed by the U.S. Geological Survey, was submitted to
the North Carolina Department of Agriculture (NCDA) for
consideration in listing Beach vitex as a State Noxious Weed in
North Carolina. As a result, Beach vitex was listed as a Class
B State Noxious Weed by the North Carolina Department of
Agriculture, Plant Industry Division in January, 2009. Under
this listing, Beach vitex is currently regulated in Brunswick,
New Hanover, Pender, Onslow, Carteret, Hyde, Dare, and
Currituck counties along the North Carolina coast (5).
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• In the fall of 2007, the Raleigh office of the U.S. Fish and Wildlife
Service received a $128,500.00 Keystone Grant from the National Fish
and Wildlife Foundation to eradicate Beach vitex from North Carolina
beaches. Project coordinators began control and restoration efforts in
cooperation with impacted communities (cooperators) in the fall of 2008.

VII. Efforts to Address Beach Vitex in Virginia

In 2008−2009, Beach vitex was detected at several sites along the coast of
Virginia. These sites are now being addressed by the Virginia contingent of the
Beach Vitex Task Force. This includes two small sites in the city of Norfolk, and
40 sites on private property in Sandbridge, which is a beach community in the city
of Virginia Beach. In December, 2009, the Virginia Department of Agriculture
and Consumer Services established a permanent Beach Vitex Quarantine, which
covers the cities of Norfolk and Virginia Beach, as well as Northampton and
Accomack Counties on the Virginia eastern shore. The quarantine was established
on the eastern shore in response to concerns about a small infestation of Beach
vitex that was discovered on the northern end of Assateague Island, near Ocean
City, Maryland. The purpose of the quarantine is to help prevent the spread of
Beach vitex in Virginia by prohibiting its artificial movement and the movement
of articles that are capable of transporting it. Articles that are regulated under the
quarantine include:

- Beach Vitex, in any life stage, including roots, stems, and seeds
- Any article known to be infested with Beach Vitex, such as sand, soil, or

mulch containing Beach Vitex in any life stage
- Any other article or means of conveyance that a state inspector has

determined is a risk of spreading Beach Vitex (6).

Lee Rosenberg, the Director of the Bureau of Environmental Services in
Norfolk, Virginia, is the Virginia Coordinator of the Beach Vitex Task Force.

VIII. Task Force Awards

Over the past several years, the Beach Vitex Task Force has been recognized
nationally as a model interagency partnership. In February, 2008, the Task Force
was given the National Community Spirit Award by the National Fish andWildlife
Foundation (NFWF) at the 9th annual National Invasive Weed Awareness Week in
Washington, DC. In March, 2008, the South Carolina project which was approved
for a fifth and final year of funding, received the highest score of all 94 grant
proposals submitted for consideration under the NFWF Pulling Together Initiative
Grant Program. In May, 2008, Betsy Brabson, the South Carolina Coordinator of
the Beach Vitex Task Force, received the 2007 U.S. Fish and Wildlife Service’s
Southeast Region Conservation Award in Atlanta, Georgia.
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IX. Summary

Over the past 100 years, a Federal/State Crop Protection System has been
developed to protect and enhance food and fiber production in the United States.
In this system, new invasive species (e.g., foot and mouth disease, karnal bunt,
and gypsy moth) that have a direct and measurable impact on economically
important food and fiber production industries (e.g., cattle, grain, forestry), can
often be effectively addressed by a very small number of partners – e.g., the U.S.
Department of Agriculture, cooperating State Departments of Agriculture, and
the affected industry. However, single agencies such as this seldom have the
authority, expertise, or resources to mount and sustain programs to address new
invasive species in natural areas such as Beach vitex. Therefore, experience has
shown that it is often much more effective to establish a task force of principal
partners and cooperators to address them.

The Beach Vitex Task Force is a good example of interagency partnering
– a new trend in invasive species management. This collaborative, consensus-
building process which brings principal partners (lead agencies and organizations)
and cooperators (impacted and potential stakeholders) together around a common
cause, have been shown to be highly effective and so should be seriously
considered for application to other, similar challenges. Lessons learned in the
Beach vitex project will provide valuable guidance in forming similar partnerships
to address other new invasive species problems around the country and elsewhere
in the world.
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Chapter 16

New Approaches for Invasive Plant
Management through Cooperative Weed
Management Areas: The Southfork Weed

Management Area in Park County, Wyoming

Bob Parsons*

Park County Weed and Pest Control District, P.O. Box 626,
Powell, WY 82435

*E-mail: parsonsb@wir.net

In spite of the fact that weeds do not recognize political
boundaries or private fences, government agencies and private
landowners have traditionally managed noxious weeds based on
land ownership. After a devastating wildfire swept through the
Greater Yellowstone Area in northwestern Wyoming in 1988, a
number of public and private land managers decided to look at
the spread of noxious weeds in the same manner they look at the
spread of fire. In the spring of 1989, representatives from federal
agencies, states, local government and the private sector came
together to develop new approaches for weed control that were
based on actual weed infestations and topography rather than
just land ownership. Since that time, the Park County Weed and
Pest Control District and cooperating partners have established
three Cooperative Weed Management Areas (CWMAs), and
laid the groundwork for two additional groups in northwestern
Wyoming. Through this new interagency partnership approach,
by using a true integrated weed management program of
chemical, biological, and mechanical controls, along with
education and restoration, many severe weed infestations have
been reduced to a manageable level.

© 2011 American Chemical Society

  P
ub

lic
at

io
n 

D
at

e 
(W

eb
):

 S
ep

te
m

be
r 

15
, 2

01
1 

| d
oi

: 1
0.

10
21

/b
k-

20
11

-1
07

3.
ch

01
6

In Invasive Plant Management Issues and Challenges in the United States: 2011 Overview; Westbrooks, R., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 2011. 



I. Introduction

Between July 15 and September 11, 1988, there were 248 fires in the Greater
Yellowstone Area and over 1.2 million acres (about 36%) burned or scorched.
More than 25,000 firefighters (as many as 9,000 at one time) attacked Yellowstone
fires in 1988, at a total cost of about $120 million. In the aftermath, about 665
miles of hand-cut fire line and 137 miles of bulldozer lines, including 32 miles
in the park, needed some rehabilitation, along with the remnants of fire camps
and helicopter-landing spots. Before all the fires were completely extinguished,
bids went out from federal agencies for native grass and forage seed to start the
restoration of disturbed lands. In many cases, the specifications were very general
in their descriptions of requested species and in most cases no reference was made
to the “other weed seeds” that would not be allowed. The potential for a massive
planting of noxious weeds was practically inevitable (1) (Figure 1).

Figure 1. 1988 Greater Yellowstone Area Wildfire. URL:
http://upload.wikimedia.org/wikipedia/commons/e/e9/

Fire_near_Old_Faithful_Complex_2.jpg

II. The History of Weed Management Areas: Recognizing the
Potential Crisis

As soon as bids went out for native grass and forage seed to start the
restoration process, local weed managers in the Greater Yellowstone Area
(GYA) ecosystem recognized the possibility of new infestations of noxious
weeds being introduced by the planting of poor quality seed (Figure 2). Initially,
the State Weed Coordinators from Wyoming (Roy Reichenbach), Montana
(Barbra Mullin), and Idaho (Loal Vance) discussed what steps could be taken to
reduce the chance of this happening. It was generally agreed that the problem
centered on the fact that there were no guidelines which addressed noxious and
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exotic weeds on a multi-jurisdictional basis. In the winter of 1988, a meeting
was held in Cody, Wyoming, to bring together federal land managers, state
departments of agriculture, and local governmental agencies involved in weed
control. At that meeting, it was decided to establish an ad hoc committee – the
Greater Yellowstone Weed Coordinating Committee − to develop guidelines for
addressing noxious weeds on a multi-jurisdictional basis.

Figure 2. Burned Over Area after the 1988 Greater Yellowstone Area Wildfire.
URL: http://www.nps.gov/archive/yell/slidefile/fire/areasburned88/Images/

12930.jpg

The Greater Yellowstone Weed Coordinating Committee consisted of
Jim Free with the U.S. Forest Service; Barbra Mullin, Montana State
Weed Coordinator; Hank McNeel, Weed Specialist with the Bureau of Land
Management; Bob Parsons, Supervisor of the Park County Weed and Pest
District (PCWP); James Sweaney, Forestry Supervisor for Yellowstone National
Park; and Loal Vance, Idaho State Weed Coordinator. This committee met
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throughout 1989, and in the spring of 1990 published the Guidelines for
Coordinated Management of Noxious Weeds in the Greater Yellowstone Area (2).
The immediate value of these guidelines was greatly enhanced by the fact that
they had been approved under an MOU signed by the Governors of the three
states, three Regional Foresters, three State Directors of the Bureau of Land
Management, and the Regional Director of the National Park Service.

III. The Cooperative Concept Is Given Structure

The “Guidelines” provided an overview of the types of activities and
operations associated with noxious weed control that had been carried out for
many years by county weed control districts and various governmental agencies.
This included sections on awareness, education, prevention, inventory, integrated
weed management, monitoring, evaluation, and reporting. All these sections were
supported by an extensive appendix of supporting material.

However, in retrospect, the primary benefit of the document seemed to center
around the section, “Purpose & Organization of Weed Management Areas.” As
public land managers began to implement the guidelines, many saw the value
of an organized committee of interested parties in providing ‘on-the-ground’
application of noxious weed control. As noted in the guidelines, a Cooperative
Weed Management Area “….…replaces jurisdictional boundaries that are barriers
to weed management programs in favor of natural or more logical boundaries that
facilitate weed management and control.”

In the past, weed control projects were often stymied by “the blame game”
and “finger pointing” types of accusations. Because funding for weed control
programs had often been centered on ownership boundaries, it seemed important to
determinewhere the weed had originated andwhosewas at fault for the infestation.
The concept of a WMA nullified the need to determine the culprit responsible for
the initial introduction of the infestation since all agencies and individuals within
the area would share in the cost of control. (It was still recognized as important
to determine the method of introduction for educational purposes to prevent the
likelihood of similar incidences.)

The guiding principle in forming a weed management area is to establish
the boundaries of an infestation and its potential spread, and then use that
information to determine the geographic boundaries of the effort. In most cases,
the boundaries of most weed infestations are determined by natural barriers such
as hydrographic divides (watersheds) or changes in vegetational zones. Once the
area has been defined, an inventory of land ownership is conducted to determine
potential cooperators and land managers for the organizational structure of the
CWMA.

The “Guidelines” also included suggestions for establishing a steering
committee, methods for assessing the extent of the infestation, and writing a
WMA plan. These suggestions were supported by examples included in the
Appendix.
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IV. Guidelines for Coordinated Management of NoxiousWeeds:
Development of Weed Management Areas

Due to the success of the WMA concept in the Greater Yellowstone Area,
many requests were made for copies of the Guidelines document. As this
document was distributed to more and more people, it was suggested that we
develop a more generalized document to help explain the WMA concept. In
2002, the ad hoc committee was re-established to modify the document to
include the majority of western states. This document was entitled Guidelines for
Coordinated Management of Noxious Weeds: Development of Weed Management
Areas and for the most part, only minor changes were made (Figure 3). Two
major changes were defining grazing as a biological control method and the
addition of a section related to weed management for burned areas. The added
section addressed the subject of revegetation more completely than the previous
document (3).

Figure 3. 2002 Guidelines for development of Weed Management Areas.

As the success of WMAs became more eminent, other agencies and
individuals began publishing documents more suited to their region or state. One
of the more notable was the CWMA Cookbook from the Idaho Noxious Weed
Coordinating Committee in 2003 (4). This was one of the first documents to coin
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the phrase, Coordinated Weed Management Area. Because this title emphasizes
the idea of coordination, it seems to have become the more common terminology
over the past few years (5).

V. Putting the CWMA Concept into Practice

Prior to 1970, the Park County Weed and Pest Control District had identified
a small infestation of Dalmatian toadflax [(Linaria dalmatica (L.) Miller] about 47
miles west of Cody, Wyoming. The infestation was sparsely spread over about 180
acres of Shoshone National Forest (USFS) land near the junction of Cabin Creek
and the Southfork of the Shoshone River (6) (Figure 4).

Figure 4. Images of Dalmatian toadflax. URL: http://www.invasive.org/
images/768x512/0024004.jpg URL: http://www.invasive.org/images/192x128/

1459807.jpg
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Because the infestations were insignificant compared to other weed problems,
they were not prioritized in USFS management plans. When the federal
government reduced funding available for weed management programs, the USFS
did not have the resources to keep Dalmatian toadflax control at the forefront of
Shoshone National Forest land management programs.

Within three years of this decision, Dalmatian toadflax spread to cover
a 2,000 acre area of national forestland and nearby private properties. The
expansive infestation posed a growing threat to bighorn sheep grazing in the area.
As it flourished, Dalmatian toadflax began to replace native plants which provide
important nutritional food sources for bighorn sheep and other grazing wildlife in
the Shoshone River valley.

A. Topography and Demographics

The Southfork of the Shoshone River is one of the two major tributaries of
the Shoshone River. It is located in Park County, Wyoming in the northwestern
section of the State of Wyoming. Over 95% of the Southfork drainage is public
lands managed by the Shoshone National Forest. It has long been winter grazing
range for bighorn sheep and elk in the Absaroka mountain range.

Because of its beauty and isolation from the general public, many of the large
ranches in the valley have been purchased by non-resident landowners for summer
vacation spots. Although there are still cattle ranches in the area, much of the land
is used for private enjoyment and recreation. Many of the private landowners have
little experience with the noxious weeds found in the mountain states ofWyoming.
Very few recognized Dalmatian toadflax as an aggressive invasive species and
considered it a pretty mountain flower. The need for education was obviously
paramount.

Figure 5. Dalmatian toadflax on alluvial fan of the Southfork of the
Shoshone River in northwestern Wyoming. URL: http://www.drwells.org/

index.php?option=com_content&task=view&id=23&Itemid=30
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B. Selecting the Southfork CWMA Steering Committee

Both sets of “Guidelines” and the CWMA Cookbook suggest a basic
organizational structure that begins with the forming of a steering committee
made up of interested and committed individuals. In the fall of 1992, the Park
County Weed and Pest Control District (PCWP) and the Wapiti District of the
Shoshone National Forest (USFS) agreed to begin the process of forming a weed
management area based on the GYA guidelines. The original committee consisted
of representatives from PCWP, USFS, the Cody Conservation District (CCD),
and the University of Wyoming Cooperative Extension Service (UWCES).

The committee discussed the need for a WMA and mutually agreed that it
would be the best way to promote weed control in that area. It was decided that
the management area would be called the “Southfork Weed Management Area”
(SFWMA) and would encompass all lands within the drainage of the South Fork
of the Shoshone River from its headwaters to the Buffalo Bill Reservoir west of
Cody, Wyoming (Figure 6). The purpose would be primarily for the control of
Dalmatian toadflax but other weeds would be addressed when appropriate.

Figure 6. Location of the Southfork Weed Management Area in northwestern
Wyoming.

C. Forming the Weed Management Area Coordinating Committee

In the winter of 1992-93, the steering committee contacted the local
newspapers for an interview about the formation of a WMA. In addition, an
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advertisement was placed notifying interested persons of a meeting to discuss the
need for land manager cooperation in the effort. The meeting was attended by
the steering committee, the State Weed and Pest Coordinator from the Wyoming
Department of Agriculture (WDA), and representatives from the Wyoming
Game and Fish (WGF), the Bureau of Land Management (BLM) and the Bureau
of Reclamation (BOR). There were also about fourteen private landowners or
managers from within the WMA.

Major points of discussion and concern were:

- Why do we need to control Dalmatian toadflax when it is such a pretty
flower?

- Are you going to use herbicides to control the weeds?
- What other vegetation is going to be killed with the use of herbicides?
- How are the herbicides going to affect wildlife and livestock?
- Are herbicides going to be used to control weeds along the river bank?
- Are there any biological control agents available?
- Will hand pulling the weeds get rid of them?
- Will all landowners be forced to control the toadflax even if they don’t

want to?
- Who is going to pay for the program?

At the conclusion of the meeting, a request for volunteers to form a
coordinating committee was made. The general consensus was that each
governmental land management agency would have a representative on the
committee. Most of the private landowners felt that their concerns would be
addressed by the PCWP and one or two private landowners could serve to ensure
their private property rights were recognized.

By the end of that first public meeting, most participants agreed with the need
for a weed management area in the Southfork area. However, there were a few
attendees that were totally opposed to the concept, and vowed to contest not only
the WMA, but any efforts of the Park County Weed and Pest Program to try and
force them to control noxious weeds on their lands or adjacent public lands. It
was agreed that PCWP staff would approach these individuals on a personal basis
to explain the Wyoming Weed and Pest Act and the Park County Weed and Pest
District-wide Quarantine.

D. Activities of the Southfork Weed Management Area Coordinating
Committee

The SFWMA Coordinating Committee began meeting in the Spring of 1993
to establish goals and objectives for the organization (Appendix A). The long
term goal was simple—Reduce the level of infestation within the Southfork Weed
Management Area.
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The short term goals were to:

- Contain Dalmatian toadflax within current boundaries
- Inventory and map the current boundaries of Dalmatian toadflax
- Determine effective Dalmatian toadflax control methods
- Develop awareness and educate the public about the Dalmatian toadflax

problem

The committee agreed that one of the first activities had to be the mapping
and inventorying of the infestation. Assignments were given to land management
agencies to have the entire WMA mapped by the fall of 1994. This lofty goal was
completed with the unexpected help of a grant from DOW AgroSciences to help
fund the hiring of a private contractor to map the privately owned lands within the
WMA.

E. Hiring a WMA Coordinator

In Park County, the PCWP staff is, by statute, responsible for coordinating an
effective weed and pest management program within the county. However, from
the beginning, it became very clear that existing staff was not going to be able to
devote the time necessary to ensure the success of theWMA. In an effort to address
this problem, the SFWMA coordinating committee contracted with individuals
to coordinate programs within the WMA. These individuals are financed through
grants and other funding obtained by the SFWMA coordinating committee. They
compliment the activities of the PCWP staff and are probably the single most
important aspect of the success of the SFWMA.

F. Obtaining Financial Support

Although funding had been available for the ongoing noxious weed program
within what was now the SFWMA, more financial support was needed to expand
the work identified by the coordination committee. Both short term and long term
monetary support methods were sought.

1) Short Term Support

o DOW AgroSciences provided funding to hire a commercial
contractor to survey and map the private lands within the
SFWMA. ($5,000)

o The Cody Conservation District obtained a grant from the
Wyoming Association of Conservation Districts to purchase
bio-agents from USDA-APHIS/AR in Bozeman, MT. ($7,500)

o Both the local chapter and the national chapter of the Foundation
for North American Wild Sheep (FNAWS) supported the
SFWMA with grants for biological control and revegetation for
Big Horn Sheep winter range. ($10,000)

178

  P
ub

lic
at

io
n 

D
at

e 
(W

eb
):

 S
ep

te
m

be
r 

15
, 2

01
1 

| d
oi

: 1
0.

10
21

/b
k-

20
11

-1
07

3.
ch

01
6

In Invasive Plant Management Issues and Challenges in the United States: 2011 Overview; Westbrooks, R., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 2011. 



o The SFWMA applied for and received three Pulling
Together Initiative (PTI) grants from the National Fish and
Wildlife Foundation (NFWF). This was a precedent setting
accomplishment since it was the first time that three PTI grants
had been awarded to the same project. ($150,000)

o TheWMA also received two grants from theWyomingWildlife
and Natural Resources and have currently applied for a third
one. A large portion of this grant is designated to the SFWMA.
($150,000)

o The PCWP has directed a portion of their annual funding from
the USFS State and Private Forestry grant to the SFWMA.
(Approximately $30,000 per year)

o The BLM provided funds for an education information sign to
be placed along the highwaywhich accesses theWMA. ($1,200)

2) Long Term Support

o Because of the commitment of adjacent landowners and land
managers of public lands to support the WMA, the Shoshone
Forest increased its USFS budget for weed control directed to
the SFWMA. This has resulted in increased support of around
$50,000 per year.

o The PCWP Board of Directors has agreed to provide a 100
percent cost share on all herbicides used on private lands for the
control of Dalmatian toadflax within the SFWMA. The PCWP
also is responsible for the cost of weed control along all county
roads and state highways within the WMA. The total cost to the
PCWP within the WMA is approximately $35,000 per year.

o Private landowners within the WMA have provided financial
support either in the form of cash donations or in-kind services.
Although this varies each year dependent upon the size of the
donation or amount of work done on private lands, it is estimated
that this results in over $20,000 per year in cash and services.

o The BLM has increased its budget for noxious weed control
on public lands to help support programs within the WMA.
In addition, they have provided extensive support in housing
mapping and inventory information on their GIS system. We
estimate a value of over $15,000 per year for this service.

VI. Implementing the Integrated Weed Management Plan

It was agreed from the implementation of the SFWMA that weed control in
the project area would include all methods of a true integrated pest management
(IPM) program. Much of the success of this WMA is associated with the fact that
allowing cooperators the option of various control methods has neutralized many
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of the concerns of herbicide control. Over the years, even the most determined
chemical and biological control opponent has come to recognize that the proper use
of herbicides and biological control is necessary for long term control of Dalmatian
toadflax.

A. Public Awareness and Education

Because many of the private landowners within the WMA were not trying to
make a living from agriculture or ranching on their lands, they did not recognize
the negative effect of this invasive weed on the natural ecology of this ecosystem.
Education became paramount in assuring the success of the WMA.

One of the most varied groups within the SFWMA was the Upper Southfork
Landowners Association. This group meets annually in the early fall as
this is the only time that many of the private landowners are in residence in
Wyoming. Representatives from the PCWP and the CCD have been able to make
presentations to this group over the years. This one-on-one contact has been
invaluable in educating landowners of the threat that noxious weed infestations
have on the financial value of their investment as well as the negative impacts to
the ecosystem.

The SFWMA is home of one of the largest bighorn sheep winter ranges
in Wyoming. Because of the threat of Dalmatian toadflax infestations to the
survival of this big game species, the Foundation for North American Wild
Sheep (FNAWS) asked for the WMA to provide an educational program for their
members during their annual meeting in Cody, Wyoming. For three consecutive
years, the SFWMA arranged a weed tour and hands-on educational program
for FNAWS and local residents. The program included the presentation of
information about toadflax and also provided attendees experience in hand pulling
of Dalmatian toadflax infestations.

The USFS and the BLM provided funds to sponsor interns from Student
Conservation Association (SCA) to develop a public relations and education
publication to be used by future SCA interns in the Rocky Mountain area. These
individuals worked very closely with the SFWMA to educate individuals and
promote noxious weed control programs.

The SFWMA arranged to have a sign posted at the head of the South Fork
Valley with information about Dalmatian toadflax and the potential of it spreading
to other areas. The sign was provided by the Worland District BLM office. The
Park County Commissioners agreed to use the county road and bridge department
to install the sign along the highway.

B. Chemical Control

Chemical control of Dalmatian toadflax has been a major part of the weed
control program in Park County for many years. Application has always been
hand spraying of products such as picloram, 2,4-D, dicamba, metsulfuron, and
imazapic. Although this is the most efficient method of controlling toadflax, it is
still just another tool in the IPM control program (6).
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C. Biological Control

Extensive work has been done by the University of Wyoming and the USDA/
APHIS/ARS to establish biological control agents for Dalmatian toadflax within
the SFWMA. Agents that have been introduced into the area include:

- European nitidulid (Brachypterolus pulicarius L.),
- Root galling weevil (Gymnetron linaria Panzer),
- Stem boring weevil (Mecinus janthinus Germar),
- Toadflax capsule weevil (Gymnetron antirrhini Paykull), and
- Toadflax moth (Calophasia lunula Hufnagel).

Of these insects, the two most effective have been the European nitidulid and
the Stem boring weevil. However, the Stem boring weevil has been difficult to
establish in some areas because browsing bighorn sheep continue to eat the stems
where the over-wintering agents are found. SFWMA partners generally believe
that over the long term, biological control will be the tool that reduces Dalmatian
toadflax to an acceptable level of infestation.

D. Manual and Mechanical Control

Dalmatian toadflax is one of the few noxious weeds that can be effectively
controlled with hand pulling. Many local landowners within the WMA have
developed extensive control programs centered on the mechanical removal of
Dalmatian toadflax. Landowners are encouraged to use hand pulling of isolated
plants or new infestations as an effective control method. However, it has not
proven to be effective on a large scale because of the cost of labor and the inability
to continually eliminate new growth during the entire growing season.

The shallow volcanic soils found within the WMA prevent the use of
mechanical farm equipment such as discing or plowing. Most of the lands
are rangeland and therefore the use of mechanical equipment is not a viable
alternative. Mowing in mountain meadows has been used to reduce seed
formation, but because of the short growing season, the loss of forage makes
mowing impractical.

The use of fire for control is also a very limited alternative. Areas where
wildfire or even prescribed burns have removed the undesirable vegetation, the
density of the infestation of Dalmatian toadflax has increased dramatically. Even
if fire did give some level of control, most areas do not have enough understory to
carry the fire.

E. Revegetation

The use of competitive grasses and forage has long been a preferred method
of control of Dalmatian toadflax. Extensive experiments have been conducted
within the SFWMA to establish both native and non-native vegetation to reduce
the density of Dalmatian toadflax. Some of the plots within the WMA have
been successfully reseeded using broadcasting and working the seed in with light
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harrowing. Heli-seeding has also resulted in the establishment of competitive
grasses and forbs in some of the burn areas. However, because the SFWMA is
normally has a relatively dry climate and has been in a drought cycle for at least
eight of the last ten years, some revegetation projects have met with very limited
success.

F. Prevention and Early Detection

It is the general belief that prevention and early detection has been the
most successful tool in controlling the spread of Dalmatian toadflax both inside
and outside the SFWMA boundaries. The contention that the effectiveness of
prevention cannot be measured does not change the fact that common sense tells
us that the lack of introduction will reduce the overall level of infestation.

Many of the control efforts within the SFWMA are dependent upon the
concept of prevention and early detection. All the educational programs of
the SFWMA contain components that emphasize the importance of purchasing
weed-free forage products for use on private lands. In addition, the USFS and
the BLM require that all forage brought onto public lands be certified weed-free
forage or grain. PCWP has a district-wide quarantine which requires that all farm
products be inspected and released prior to movement within the county. This
program has been strongly promoted within the SFWMA as well as around the
rest of the county.

The SFWMA coordinators, PCWP staff, and UWCES agents all include weed
identification in their educational classes. This helps ensure that local residents not
only recognize noxious weeds when they encounter them, but also recognize the
importance of controlling small infestations before they have a chance to spread.
Many small infestations of Dalmatian toadflax have been reported by individuals
using public lands within the WMA for recreational purposes.

VII. Southfork Weed Management Area Partners

Clearly, cooperation and coordination are the keys to the success of the
Southfork Weed Management Area. The large diversity of individuals, agencies,
and organizations that have contributed in various ways has served as a model for
the development of other weed management areas across the country. Here is a
partial list of Southfork partners.

- Park County Weed and Pest Control District, Park County, WY
- Shoshone Forest, US Forest Service, Cody, WY
- Cody Conservation District, Cody, WY
- University of Wyoming, Laramie, WY
- Private Landowners within the Southfork Weed Management Area,

Cody, WY
- Upper Southfork Homeowners Association, Southfork of Shoshone

River, WY
- Wyoming Game and Fish, Cody, WY
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- Bureau of Land Management, Worland & Cody, WY
- Natural Resources and Conservation Service, Cody, WY
- USDA-APHIS-PPQ, Bozeman Biocontrol Station, Bozeman, MT
- Wyoming Department of Agriculture, Cheyenne, WY
- BASF, Laramie, WY
- DOW AgroSciences, Billings, MT
- Center for Invasive Plant Management, Bozeman, MT
- Foundation for North American Wild Sheep, Cody, WY
- Rocky Mountain Elk Foundation, Missoula, MT

The list would be much more extensive if every cooperating landowner that
provided in-kind services both in labor and use of their land for research was
included. Also not listed are the organizations and foundations that provided
financial support in the form of grants and technical services. Without these people
and many others, the SFWMA would not have been as successful as it has.

VIII. Summary

The success of the SFWMA can be measured in many ways. The most
obvious benchmark is whether or not Dalmatian toadflax has been reduced over
the last 15 years. This has been documented quantitatively by continued survey
and monitoring. Although isolated plants are still found in the same proximity as
the original infestations, the density is reported to be about 20% of what it was
in 1996. Many of the local residents have also commented about the reduction
of Dalmatian toadflax within the WMA. Education programs, signs posted at
trailheads and weed control at access points to the backcountry have reduced the
potential of infestations in wilderness areas and adjacent public lands.

Another measure of success is the fact that no other infestations of Dalmatian
toadflax have been established since the formation of the SFWMA. Although
isolated plants and new small patches are occasionally reported, rapid response
from the PCWP and other governmental agencies has prevented establishment of
permanent infestations.

The success of forming a weed management area has been duplicated
many times over since the introduction of the concept in the Guidelines for
Coordinated Management of Noxious Weeds In the Greater Yellowstone Area and
the Guidelines for Coordinated Management of Noxious Weeds: Development
of Weed Management Areas. In Park County, there have been two more equally
successful WMA’s established over the past 15 years, and two more areas have
been designated as future areas for organization. The favorable reaction to the
WMA concept has resulted in formal recognition of the term in many state
and federal legislative acts and policies. Today, most people involved in weed
management are aware of the WMA concept and the potential value of this
approach in management of large infestations of noxious weeds.
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Appendix A. Southfork Weed Management Area: 1993 Goals
and Management Plan

I. Introduction

The Southfork drainage in Park County, Wyoming, is currently experiencing
a serious infestation of Dalmatian toadflax. Due to the extent of the infestation
and the diverse land ownerships, it was decided that a cooperative effort is needed
to address this problem. The following groups have agreed to form the Southfork
Weed Management Area, to allow personnel and resources to be pooled.

- Park CountyWeed and Pest, P.O. Box 626, Powell, WY 82435; 307-754-
4521

- Cody Conservation Districts, 808 Meadow Lane, Suite A, Cody, WY
82414; 307-587-3251

- UW Cooperative Extension Service-Park County, P.O. Box 3099, Cody,
WY 82414; 307-587-2204, ext. 248

- Wyoming Game and Fish Department, 2820 State Hwy 120, Cody, WY
82414; 307-527-7125

- Soil Conservation Service, 808 Meadow Lane, Suite A, Cody, WY
82414; 307-587-3251

- Bureau of Land Management, P.O. Box 119, Worland, WY 82401; 307-
347-9871

- United States Forest Service, P.O. Box 2140, Cody, WY 82414; 307-527-
6241

II. Weed Management Area Boundaries

The SouthforkWeedManagement Area is encompassed by the drainage of the
Southfork of the Shoshone River from its headwaters to Buffalo Bill Reservoir.

III. Land Ownership and Use

The Southfork Weed Management Area includes land that is owned by
private citizens, the Bureau of Land Management, the US Forest Service, the
Bureau of Reclamation and the State of Wyoming. The land is used for grazing,
crop production, recreation, mining and wildlife. It includes wildlife winter
range, irrigated agriculture and upland rangeland. Certain land entities, such as
wilderness areas and selected landowners, provide special restrictions which need
to be addressed.
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IV. Southfork Weed Management Area Goals

A. Long Term Goal. Reduce the level of infestation within Southfork Weed
Management Area.

B. Short Term Goals

1. Contain Dalmatian toadflax within current boundaries.
2. Inventory and map the current boundaries of the Dalmatian toadflax

infestation.
3. Identify effective Dalmatian toadflax control methods.
4. Develop awareness and educate the public about the Dalmatian toadflax

problem.

V. Background Information

The Shoshone River and its tributaries are a major limiting factor in the
Dalmatian control program. The water and rocky soils provide physical barriers
to control. They also limit the chemical options which are available for use in
the management effort. Another factor which needs to be considered is that the
infested area provides important winter range for a variety of big game animals.
The survey and inventory process will identify additional areas with special
restrictions. Those restrictions will be addressed when the program actions are
planned. To our knowledge the only threatened or endangered species which may
be in the area are the Grizzly Bear, Peregrine Falcon and the Bald Eagle. There
are no plants in the area which have been proposed for listing.

Range site descriptions and soil types will be considered on a site by site basis
as needed for proposed control actions. Archaeological sites and other cultural
sites will also be addressed individually when necessitated be proposed actions.
Surveys will be conducted for cultural and archaeological sites, endangered and
threatened species, as well as other factors which may be required, prior to all
major treatment projects.

Wyoming has an abundance of expertise and resources for addressing
weed problems across the state. The University of Wyoming, the USDA Soil
Conservation Service, County Weed and Pest Control Districts, the Bureau of
Land Management, the USDA Forest Service, the Wyoming Game and Fish
Department, as well as other groups and individuals, all have valuable expertise
in weed management. Many of these groups also have funds which may be made
available for the Dalmatian toadflax effort. The Park County Weed and Pest
Control District has trained personnel, and equipment, as well as administration
mechanisms already in place to handle funding coordination and accounting.
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VI. Planned Activities

A. Inventory and Mapping

The Southfork Weed Management Area will have a mapped inventory of
Dalmatian toadflax by fall of 1994. The target area and those responsible are:

The Park County Weed and Pest District will fill in the gaps by mapping
Dalmatian toadflax in their normal area of operations. Inventory and mapping
progress will be evaluated at the end of 1993. A plan will then be made to ensure
all areas are mapped by the fall of 1994. Results of the mapping effort will be
consolidated by the Bureau of Land Management. All inventory and mapping
will follow BLM guidelines.

B. Education

The general public, including permittees, outfitters, and surrounding
landowners need to be educated about Dalmatian toadflax. Signs, posters and
brochures are three ways to accomplish this goal. The Park County Weed and
Pest District will coordinate development of the signs, posters and brochures.

C. Control Research

1. Herbicide Trials. The Wyoming Cooperative Extension Service will
conduct herbicide trials during the Summer and Fall of 1993.

2. Biological Control. The Wyoming Cooperative Extension Service will
cooperate with Bob Lavigne of the University of Wyoming Department of Plant,
Insect, and Soil Science, on a biological control agent.
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Chapter 17

Cooperation across Federal and Local
Jurisdictions for Invasive Species Management:
Buffelgrass (Pennisetum ciliare) in Southern

Arizona

Lindy A. Brigham,*,1 Richard Brusca,2 and Julio Betancourt3

1Southern Arizona Buffelgrass Coordination Center, Tucson, AZ 85719
2Arizona-Sonora Desert Museum, Tucson, AZ 85743

3U.S. Geological Survey, Tucson, AZ 85719
*E-mail: lbrigham@ag.arizona.edu

Buffelgrass [Pennisetum ciliare (L.) Link] is a drought tolerant,
fire adapted, perennial grass that is aggressively invading
the Sonoran Desert. Buffelgrass is outcompeting the native
vegetation even in the absence of fire and is threatening to
destroy the unique environment that gives southern Arizona
its appeal. In 2008, concerned citizens from the community
representing agencies and organizations engaged in commerce,
advocacy and government came together to create the Southern
Arizona Buffelgrass Coordination Center (SABCC) with the
goal of working across jurisdictional boundaries to mitigate the
threat of buffelgrass to the economic and aesthetic values of
the community. The SABCC is currently working both at the
federal level to obtain funding for buffelgrass eradication and
at the local level involving land managers and citizen volunteer
groups.

I. Introduction

In southern Arizona, buffelgrass invasion represents a significant threat to the
Sonoran Desert ecosystem and the regional economy. It threatens to turn fireproof
desert into flammable grassland, with fires spreading not only from shrub to shrub
and cactus to cactus, but also from desert to mountain.

© 2011 American Chemical Society
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Buffelgrass is a perennial, caespitose and almost shrub-like, C4 grass that is
native to Africa, Arabia, Canary Islands, Madagascar, Indonesia, northern India,
and Pakistan (1) (Figure 1). It is one of many African C4 grasses that have been
introduced to enhance livestock production in the Neotropics, where they almost
inevitably escape from planted areas, invade natural vegetation, and alter fire
regimes (2, 3). Buffelgrass is the quintessential ruderal, able to spread quickly
along roads and stream courses and then penetrate adjoining areas through
secondary wind and animal dispersal. It is cultivated and has become invasive in
Australia, North and South America, and many islands in the Pacific and Indian
Oceans and Caribbean Sea (4).

Figure 1. Buffelgrass. U-GA – Center for Invasive Species and Ecosystem
Health. URL: http://www.invasive.org/browse/detail.cfm?imgnum=5386204

In southern Arizona, rapid spread of buffelgrass and conversion of
fire-resistant desert to flammable grassland is the region’s most urgent
environmental issue, surpassing in its immediacy the widely recognized
long-term issues of urban growth and water (5). Buffelgrass has introduced a
new wildfire risk into an ecosystem that is not fire adapted. It grows in dense
stands, outcompetes native plants for water and space, and negatively impacts
native wildlife species and their habitat. Buffelgrass is considered a particularly
serious threat to the Saguaro cactus [Carnegiea gigantea (Engelm) Britton &
Rose], the iconic plant of the Sonoran Desert Eco-region, which is incapable of
withstanding the 1,200 degree Fahrenheit temperatures and 20 feet high flames
of buffelgrass wildfires (Figure 2). Other native plants most threatened by the
buffelgrass invasion include the Arizona barrel cactus [Ferocactus wislizeni
(Engelm.) Britton & Rose], Blue palo verde tree (Parkinsonia florida (Benth.
ex A. Gray) S. Watson], Yellow palo verde tree (Parkinsonia microphylla Torr.),
Ironwood tree (Olneya tesota A. Gray), as well as a number of native grasses and
wildflowers. Additionally the spread of buffelgrass compromises wildlife habitat
and is extremely detrimental to desert tortoise and mule deer habitat (Figure 3).

190

  P
ub

lic
at

io
n 

D
at

e 
(W

eb
):

 S
ep

te
m

be
r 

15
, 2

01
1 

| d
oi

: 1
0.

10
21

/b
k-

20
11

-1
07

3.
ch

01
7

In Invasive Plant Management Issues and Challenges in the United States: 2011 Overview; Westbrooks, R., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 2011. 

http://pubs.acs.org/action/showImage?doi=10.1021/bk-2011-1073.ch017&iName=master.img-000.jpg&w=262&h=179


Figure 2. Experimental burn in the Alta Valley west of Tucson, Arizona, to
determine fire behavior in stands of buffelgrass – Fall, 2008. Image courtesy of

Saguaro National Park.

Buffelgrass not only impacts native ecosystems and conservation efforts, it
also poses a serious threat to life, property, tourism and the regional economy.
Ecotourism is a cornerstone of the economy of southern Arizona and wildfire in
the Sonoran Desert has the potential to disrupt recreational activities and degrade
viewscapes. According to University of Arizona studies, this scenic native desert
area attracts 3.5million visitors every year who contribute $2 billion to the regional
economy. Overall, tourism accounts for nearly 40,000 jobs and about 12% of total
wages in Pima County (Figure 3).

Figure 3. Buffelgrass invading the Sonoran Desert in southern Arizona.
U-GA – Center for Invasive Species and Ecosystem Health. URL:
http://www.invasive.org/browse/detail.cfm?imgnum=5392024
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Despite broad agreement about the need for buffelgrass control and
mitigation, a practical strategy needs to be clearly articulated in a policy-relevant
form. Our vision, therefore, includes a commitment to public involvement,
coordinated government initiatives, and strategic planning to guide buffelgrass
management in the future.

II. Organization of the Southern Arizona Buffelgrass
Coordination Center

Buffelgrass constitutes a problem on many different levels in the American
Southwest. While it was introduced for public good by the federal government, so
far, Arizona is the only state in the region that has declared it as a noxious weed.
Even worse, it is still being actively planted just across the border in Mexico (6). It
was the immediate threat of this new invader to the Sonoran Desert and continued
use of it in Mexico that prompted impacted and potential stakeholders in southern
Arizona to seek new solutions for addressing the problem (Figure 4).

Figure 4. Southern Arizona Buffelgrass Coordination Center Logo.

To begin with, a Buffelgrass Summit was held in February, 2007, to
mobilize government agencies and public officials. This led to the formation of
a Buffelgrass Working Group. In early 2008, a consortium of land managers,
scientists, and local, state, and federal officials created the Southern Arizona
Buffelgrass Strategic Plan.

This strategic plan identified five key strategies for successfully managing
buffelgrass infestations within the region. To accomplish strategic and efficient
buffelgrass control the public and private sector must work together to:

1. Minimize spread in areas where buffelgrass has not yet become
established.

2. Set and implement control priorities based on actual and potential
impacts.

3. Restore treated areas in ways that increase resilience against future
invasion.

192

  P
ub

lic
at

io
n 

D
at

e 
(W

eb
):

 S
ep

te
m

be
r 

15
, 2

01
1 

| d
oi

: 1
0.

10
21

/b
k-

20
11

-1
07

3.
ch

01
7

In Invasive Plant Management Issues and Challenges in the United States: 2011 Overview; Westbrooks, R., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 2011. 

http://pubs.acs.org/action/showImage?doi=10.1021/bk-2011-1073.ch017&iName=master.img-003.jpg&w=90&h=144


4. Mitigate wildfire risks to life and property in areas where control is no
longer feasible.

5. Motivate legislation and public agency action aimed at sustaining the
control effort.

The strategic plan listed several management goals for implementing these
strategies, most notably the creation of a centralized Buffelgrass Coordination
Center to forge comprehensive partnerships among land management agencies,
public and private entities, corporations and others in order to implement a
coordinated regional effort.

The Southern Arizona Buffelgrass Coordination Center (SABCC) serves
several educational and charitable functions, including:

• Serving as a clearinghouse for relevant information, and a resource and
a learning center for volunteers. It educates regional and local leaders,
agencies, utilities and other organizations regarding the buffelgrass
impacts to the Sonoran Desert environment, economy, and community
health and safety.
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• Providing expert advice to local jurisdictions in amending or developing
new codes, ordinances, zoning requirements and other requirements
addressing the eradication and control of buffelgrass on all public and
private lands within their jurisdictions, and coordinating efforts to reach
regional consistency in the control and enforcement of buffelgrass
requirements.

• Working to expand public understanding of how buffelgrass impacts the
natural resources, human communities, and economies of the Sonoran
Desert Region.

• Increasing awareness within the Arizona State Legislature and U.S.
Congress to the buffelgrass crisis so that legislation will be brought
forward to provide funding and support for buffelgrass management
within Arizona.

• Increasing awareness of the availability to use or join volunteer programs
for buffelgrass eradication and education efforts in the Sonoran Desert
Region.

• Continuously documenting and evaluating the buffelgrass treatment
programs in the region through research, analysis, and field monitoring to
provide information and education on the most up-to-date and effective
buffelgrass control treatments.

• Mapping and maintaining a database of the buffelgrass infestation
in the Tucson region. It will ensure that all jurisdictions and entities
can easily access and share existing information to guide buffelgrass
management decisions, improve treatment efforts, and provide a single,
comprehensive method for inputting data for the benefit of all partners
and public and private stakeholders.

• Providing demonstration teams to attack buffelgrass hot spots and to
provide scientific and eradication information to officials leading the
fight against buffelgrass. The demonstration teams will demonstrate the
proper rapid response that is necessary to eradicate Buffelgrass.

• Forming work crews to eradicate buffelgrass in high priority hot spots.
• Developing a contingency plan to protect life, property, and

high-resource-value areas if buffelgrass control is not attainable.
• Obtaining scientific data on the effects and efficacy of buffelgrass control

on the biophysical ecosystem (Sonoran Desert) as well as on local
social structures and perceptions, to inform the development of future
management goals and priorities.

A. Buffelgrass Management Partners

A number of public agencies, as well as private and non-profit organizations
are cooperating to address buffelgrass through the SABCC. These are listed in
Table 1.
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Table 1. SABCC Partners

Federal Agencies:
- Bureau of Land Management -Ironwood
Forest National Monument
- National Park Service - Saguaro National
Park
- USDA Forest Service - Coronado National
Forest
- U.S. Geological Survey

Non-profit Organizations and
Associations:
- Arizona Native Plant Society
- Arizona - Sonora Desert Museum
- Coalition for Sonoran Desert
Protection
- Pima Association of Governments
(PAG)
- Sonoran Desert Weedwackers
- Sonoran Arthropod Studies Institute
- Sonoran Institute
- Southern Arizona Leadership
Council
- Tucson Audubon Society
- Tucson Clean and Beautiful

State Agencies:
- AZ Department of Transportation - Tucson
- AZ State Parks - Resource Division

University of Arizona
– Dept. of Agricultural Economics
(Extension)
– Office of Arid Lands Studies
– School of Natural Resources and the
Environment

Tribes - Tohono O’odham Nation

Counties - Pima County

Municipalities
- City of Tucson
- Town of Oro Valley
- Town of Sahuarita
- Town of Marana

Private Organizations:
- Comcast
- Cox Communications
- Kinder Morgan Energy Partners
- Rural Metro Fire Department
- Southwest Gas
- Tucson Electric Power Company
- Tucson Association of Realtors
- Trico Electric Cooperative

III. Current Projects of the Center

The SABCC has initiated a number of projects to address the buffelgrass
problem. This includes a regional risk assessment to identify areas that are
especially vulnerable to invasion by buffelgrass, mitigation of buffelgrass on
federal land units, congressional hearings on buffelgrass, development of a
Buffelgrass Data Management and Decision Support System, and ongoing public
outreach efforts.

A. Tucson Buffelgrass Risk Assessment Project

In order to plan a cohesive strategy for buffelgrass mitigation across the
region, a risk assessment was conducted. In December 2009, SABCC contracted
with Logan Simpson Design, Inc. (LSD), to assist in the development of a
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Regional Assessment Buffelgrass Distribution and Abundance Tucson Basin
project. Goals of the project are to:

• Develop a systematic approach to gathering quantitative data on the
distribution and abundance of buffelgrass within the Tucson basin.

• Develop a regional ranking system for identifying priority areas for
buffelgrass management.

• Align high priority treatment areas with cost effective sustainable
prescriptions supported by local governments, agencies and residents.

In order to conduct the regional assessment, a SABCC Mapping Team was
established which is composed of natural resource and Geographic Information
System (GIS) specialists. Since December 2009, the SABCC Mapping Team has
met bi-weekly to review available data, and to establish habitat ranking criteria
and values for each influencing factor used to geospatially depict areas of high
ecological and social sensitivity. The charter of the SABCC Mapping Team is to
establish boundaries for the regional assessment, to develop an inclusion/exclusion
condition matrix template, to identify inventory methods, and to develop tiered
management control recommendations and data management protocols necessary
to meet the management goals of the regional assessment.

In May, 2010, the SABCC issued a report that summarizes the results of
the initial efforts of the Mapping Team in conducting a regional assessment of
buffelgrass distribution and abundance in the Tucson basin. As part of the effort,
an Invasive Species Ranking protocol was utilized to geospatially display areas of
greatest ecological and social concern to potential invasion of buffelgrass. With a
better understanding of the habitats and resources at risk, SABCC will be better
able to assist in the effort to address the problem (7).

The final map developed by the SABBCMapping Team is shown in Figure 5.
It highlights the areas of highest risk in Pima County, Arizona, in red. The report
is available on the SABCC website (www.buffelgrass.org).

Figure 5. Potential ecological impact of buffelgrass in different areas of Pima
County, AZ.
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B. Buffelgrass Mitigation on Federal Lands

Buffelgrass is expanding exponentially across both private and public lands,
affecting all jurisdictions. If the federal government, by far the largest landowner
in the state, allows buffelgrass to overrun susceptible habitat on federal lands,
mitigation efforts will be compromised on adjacent public and private lands.
Federal agencies presently lack the staffing and funding to keep up with the
exponential growth of buffelgrass; current commitments by each federal agency
or unit vary widely, and there is little to no coordination across agencies and
units. Demonstration projects in national parks, monuments, refuges and military
reservations are needed to build capacity and justify, quantify and coordinate
more sustained efforts supported by long-term appropriations negotiated in
Congress as part of the regular budget process for federal land management
agencies (Department of the Interior, USDA Forest Service, and Department of
Defense). In February of 2010, SABCC submitted an appropriations request to
the U.S. House Committee on Interior and Environment for $2.1 million.

The planning and mitigation exercise will take advantage of the wide
diversity in terrain, stage of invasion, and management capacity and objectives
across federal lands in Southern and Central Arizona. Demonstration projects
will range from pulling and spraying of small, colonizing populations on the
Goldwater Range or Cabeza Prieta Wildlife Refuge, to focused aerial spraying of
large, continuous stands on the south slope of the Catalina Mountains in Coronado
National Forest. Participating federal departments, agencies and units are listed
in Table 2.

Table 2. Federal agencies participating in buffelgrass control demonstration
projects

Department of the Interior,
National Park Service
- Saguaro National Park
- Organ Pipe Cactus National Park

Department of the Interior -
U.S. Fish & Wildlife Service
- Buenos Aires National Wildlife Refuge
- Cabeza Prieta National Wildlife Refuge
- Kofa Wildlife National Refuge

Department of the Interior,
Bureau of Land Management
- Ironwood Forest National Monument
- Sonoran Desert National Monument
- Yuma BLM Field Office

Department of Defense
- Barry M. Goldwater Air Force Range
- Yuma Proving Ground
- Davis Monthan AFB
- Ft. Huachuca Military Reservation

U.S. Department of Agriculture -
National Forest Service
- Coronado National Forest
- Tonto National Forest

SABCC has contacted the relevant managers in each of these units, secured
agreements for participation, and collaborated in selecting treatments that are
appropriate for each unit, while still informing the regional buffelgrass effort.
SABCC will coordinate implementation of projects across the different units,
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and will collaborate directly with the USGS Invasive Species Science Branch
(ISSB: Ft. Collins; http://www.fort.usgs.gov/ISS/About.asp) to manage the
scientific aspects of the project. The exercise will include mapping, monitoring,
assessment, and modeling components, with standardized protocols and measures
applied across all units (Figure 6).

Figure 6. Buffelgrass Projects on Federal Lands in Southern Arizona.

C. Congressional Hearings on Buffelgrass

On April 10th, 2010, Congressman Raul Grijalva held a congressional hearing
on buffelgrass in Tucson, Arizona. The hearing was entitled Losing Ground: The
War On Buffelgrass In The Sonoran Desert. At that meeting, testimony about this
growing problem was provided by two panels. This included:

Panel 1 – Federal Agencies
• Bert Frost, (Associate Director, Natural Resource Stewardship &

Science, National Park Service)
• Faye Krueger, (Deputy Regional Forester, Southwestern Region, U.S.

Forest Service)
• Dr. Ned Norris (Chairman, Tohono O’odham Nation)

Panel 2 – State and Local Partners
• Sarah Smallhouse (The Thomas R. Brown Foundations)
• Chuck Huckelberry (Pima County Administrator)
• Dr. Richard Mack, (Washington State University)
• Dr. John Brock (Brock & Associates)

Both panels stressed the need for federal assistance in dealing with the threat
of buffelgrass in the region. Dr. Ned Norris, Chairman of the Tohono O’odham
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Nation, also stressed the need for a tri-National effort with the Nation, Mexico and
the U.S. Testimonies presented at the hearing are available on the SABCC website
(www.buffelgrass.org).

D. Development of a Buffelgrass Data Management and Decision Support
System

In support of strategic planning for the federal lands project and buffelgrass
mitigation in the Tucson Basin, SABCC is working with the USGS to develop
a data repository for all buffelgrass mapping and mitigation efforts. Data from
existing surveys will be pulled into the central repository, and agencies and groups
without their own systems will have a web-based interface for entering new field
data. This informationwill be used by a group that is developing a decision support
system for each impacted area.

E. Public Awareness

The SABCC maintains a website with information on buffelgrass and the
activities of the Center at http://www.buffelgrass.org . This site serves the general
public as well as special working groups in the area. Volunteer weedwacking
groups are listed, and information on how to join and how to form new groups
is provided. Each year, SABCC sponsors Beat Back Buffelgrass Day. A
committee with representatives from all impacted areas spends three months
planning activities for the day, choosing sites for volunteer buffelgrass pulling
and education, and soliciting advertizing and sponsorships from local businesses.
As a result of such ongoing outreach efforts, it is unusual to find individuals in
the region who are still unaware of buffelgrass.

IV. Summary

Starting a non-profit in the midst of a recession has obvious drawbacks. So,
it is fortunate that many people in southern Arizona are passionate about their
environment and way of life. Most citizens understand the relationship of the
environment to the economy in Southern Arizona, and are willing to put in the
time and effort to preserve this unique ecosystem with all its prickly beauty.
The SABCC itself is a minimal operation at this point, but has a committed and
active board of directors, a substantial number of agency employees dedicated
to buffelgrass mitigation, and a growing volunteer corps that spends hundreds of
hours each year on buffelgrass removal from key sensitive areas. With the wide
range of land ownership and interests in the region, it is critical to engage every
agency with land management responsibilities, every organization that concerns
itself with preservation of the environment and culture of the region, and every
corporation and group that profits from and is affected by the state of the Sonoran
Desert. As a separate entity, yet comprised of all of the partners, SABCC provides
a neutral arena for discussion and planning. SABCC is succeeding in bringing
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historically disparate groups together by providing communications channels,
cooperation venues, visibility, and national resources to the region.
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Chapter 18

Plant Management in Natural Areas

Balancing Chemical, Mechanical, and Cultural Control
Methods

Steven Manning*,1 and James Miller2

1Invasive Plant Control, Inc., Nashville, TN
2USDA Forest Service, Auburn, AL

*E-mail: steve@ipc-inc.org

A variety of methods are used in managing invasive plants in
natural areas. This generally includes chemical, mechanical,
and cultural control methods. In determining which of these
methods to use in a particular situation, a number of questions
should be answered. This includes the long term plan for the
site, the need for selectivity, the level of infestation, the life
cycle of the target species (which will affect the timing of the
control effort), the type of labor that will be conducting the
treatments, and overall costs. Once the preferred method of
control is identified, the next step is to determine the types of
personal protection equipment (PPE) that will be needed to
ensure the safety of applicators. PPE includes various types of
ear and eye protection, water proof aprons, chaps, gloves, shin
guards, and boots.

I. Introduction

The best defense against non-native plant invasion is constant surveillance of
right-of-ways, stream banks, and internal roads and trails, followed by effective
control measures at the first appearance of new arrivals. Early detection and
treatment will minimize efforts and costs that come with treating well established
plants or full-blown infestations (Figure 1).

© 2011 American Chemical Society
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Figure 1. Herbicide application. Image by Steven Manning, Nashville,
Tennessee.

More effort is required for successful eradication of established infestations.
In such cases, the goal of eradication can still be accomplished with proper
treatments, although costs may be prohibitive without cost share or incentive
programs funds, and cooperative participation by neighboring landowners.

In severe cases, large-scale conversion of existing infestations is the only
solution. This involves eradication procedures that incorporate integrated
management strategies and reestablishment of native plants. Fortunately, in
southern forests, native plants already in the soil seed bank will usually become
re-established once the invaders are eliminated.

II. Selection of Methods and Tools for the Project

Non-native plant invasions generally require site specific control methods
utilizing an integrated pest management approach. Choosing the appropriate tools
for control is contingent upon several factors. In determiningwhat controlmethods
and tools should be used to accomplish the goals of a weed management project,
a number of questions should be answered. For example:

What is the long term plan for the target site?

Control methods can change dramatically based on the future use of a site. For
example, if a site is to be completely cleared and kept clean of any tall vegetation, a
less selective and less expensive approach can be taken. However, if a site contains
rare species and will be protected indefinitely, a more selective and often more
expensive and time consuming control method must be considered.

What is the need for selectivity?

As an example, a prairie with an infestation level of 99% invasive grasses
can be treated with a systemic herbicide followed by re-establishment of native
species from the soil seed bank. However, if the prairie contains a wide variety of
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native species as well as targeted non-native species, a more selective herbicide or
methodology should be used.

What is the level of infestation?

The level of infestation can dramatically affect the cost of control and
methodology chosen. A multi-stemmed species growing at a high infestation
level will take more time to control than a light infestation. The size of the target
plant will also dictate the control method. A high infestation level of Chinese
privet (Ligustrum sinense Lour.) in a desirable understory requires cutting tools
that are selective. If the Chinese privet is 1-2 years old, a foliar application while
desirables are dormant would take less time and less chemical, therefore lowering
the cost.

How does timing affect the control method?

Understanding the life cycle of the invasive plant allows the applicator to
select the optimal time for control. Some species require one foliar application per
year while others can be treated at several times throughout the year. Applying
herbicides at the appropriate stage in a plant’s life cycle (seasonal timing) can
also increase plant selectivity and reduce the rate of herbicide use or the need for
multiple treatments in a season.

What type of labor will be working on the site?

In-house, contract, or volunteer labor all have different strengths and distinct
disadvantages in weed management projects. Volunteers most often utilize
manual or mechanical control methods, while in-house and contract labor often
use mechanical and herbicide application tools. In-house and contract workers
are typically better suited to work on larger infestations that require special
equipment, precise herbicide applications, and other approaches.

How important is cost?

The cost of a project is directly related to treatment method, intensity of
infestation, plants and areas that need safeguarding, and availability of resources.
Cost share and incentive programs can decrease costs for the landowner but the
number and years of retreatment might be restrictive. Once a plan is formulated,
careful cost estimates should be made that are based on project objectives.
Once a plan is implemented, it should be understood by project partners that
any disruption in scheduled treatments can cause major setbacks in meeting
project goals. If ineffective treatments such as cutting woody invasive plants
without applying herbicide to the stumps are used, large costs over runs should
be expected. Using the most efficient control methods is a sound investment in
safeguarding a natural heritage for future generations.
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III. Safety Considerations

Weedmanagement professionals should always utilize the personal protective
equipment (PPE) that is recommended for a prescribed treatment method. A task
as seemingly simple as surveying a site requires PPE. Safety helmets and ear
covers help to protect an applicator from airborne chemicals, as well as loud noise
and falling debris that are associated with mechanical control (Figure 2).

Figure 2. Safety helmet and ear covers. Image by Steven Manning, Nashville,
Tennessee.

Table 1 provides a list of PPE that is needed for various invasive plant
management tasks.

Often the best control methods involve some type of herbicide application.
As such, it is very important to understand the laws associated with PPE for each
herbicide used. All chemical labels outline the required PPE for the specific
application. For all herbicide applications it is important to have an eye wash kit
ready to use on site. Practitioners should also understand which specific respirator
if required, is necessary based on the contents of the herbicide label (Figure 3).

IV. Summary

Once a weed infestation has been detected and delimited, appropriate control
methods must be employed to contain it, prevent further reproduction, and
ultimately, to eradicate it. In most cases, several retreatments will be necessary to
achieve that long term goal. A successful invasive plant control program usually
involves an integrated approach. Chemical, mechanical, and cultural control
techniques should all be considered in developing a project plan. The next two
chapters of this publication (Chapters 19 and 20) provide an overview of the
various methods that are typically employed to control invasive plants in natural
areas.
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Table 1. Personal protective equipment that is needed for different invasive
plant management tasks

Figure 3. Personal protective equipment for herbicide application. Image by
Steven Manning, Nashville, Tennessee.
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Chapter 19

Chemical Control Methods and Tools

Steven Manning*,1 and James Miller2

1Invasive Plant Control, Inc., Nashville, TN
2USDA Forest Service, Auburn, AL

*E-mail: steve@ipc-inc.org

After determining the best course of action for control of an
invasive plant population, it is important to understand the
variety of methods available to the integrated pest management
professional. A variety of methods are now widely used in
managing invasive plants in natural areas, including chemical,
mechanical, and cultural control methods. Once the preferred
method of control is identified and the appropriate personal
protective equipment has been chosen, the next step is to
determine the specific types of equipment that should be used
to create the most selective, efficient and affect control of the
target species. Chemical control is one of the most frequently
utilized tools in this industry. Proper use of chemicals is
important and the applicator must always remember that the
label is the law. No application offers guaranteed success, but
proper use of chemicals and associated tools will increase the
effectiveness of the treatment. This involves an understanding
of the benefits of adjuvants, proper mixing and application
protocols, and finally the correct choice and proper use of low
volume, high volume or selective spray equipment.

I. Introduction

Many nonnative invasive plants are perennials, with extensive roots, tubers or
rhizomes. As a result, effective chemical treatments usually offer the best means
of containment or eradication. This is because herbicides can kill the roots and do
so without baring the soil (which would allow for reinvasion or erosion).

© 2011 American Chemical Society
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To be successful with herbicide treatments:

- use the most effective herbicide for the species,
- follow the application methods prescribed on the label,
- choose an optimum time period to apply treatments; for foliar-applied

herbicides this is usually mid-summer to early fall and not later than a
month before expected frost,

- evergreens and semi-evergreens with leaves can be treated effectively in
the winter,

- adhere to all label prohibitions, precautions, and Best Management
Practices during herbicide transport, storage, mixing, and application,

- remember that some herbicides require up to a month or more before
herbicidal activity is detectable as yellowing of foliage or leaves with
dead spots or margins. Thus, after application, be patient; allow
herbicides to work for several months before resorting to other treatment
options.

II. Herbicide Selection and Use

Only herbicides registered by the U.S. Environmental Protection Agency
for forestry use and noncroplands in the southern states will be discussed here,
although herbicides for other land use areas, such as right-of-ways, pastures, and
rangelands, may be just as effective or may contain the same active ingredient.

Because nonnative invasive plants are usually difficult to control, selecting the
most effective herbicide(s) is important. Often herbicides that have both soil and
foliar activity are most effective with the least number of applications. However,
it is important to remember that applying herbicides with soil activity can damage
desirable plants when their roots are present within the treatment zone or when
herbicides move downhill to untreated areas following heavy rainfall. Garlon 4®
(triclopyr), Vanquish® (dicamba), and Transline® (clopyralid) are three herbicides
that are widely used in forests and non-croplands in the southern states.

Garlon 4 is mainly a foliar active herbicide, but it does have some soil activity
at high rates or when mixed with oils. Garlon 4 and Vanquish can volatilize or
vaporize (Vanquish actually vaporizes) at high temperatures and their residues can
move by air currents to affect surrounding plants. Therefore, avoid application
with these herbicides on days when temperatures exceed 80° F. If possible, also
avoid applications when rainfall is anticipated within eight hours, unless soil
activation is needed, and during periods of severe drought as effectiveness can be
reduced during these times. Consult the label for the rainfast period and drought
prohibitions.

When possible, use selective herbicides that target specific non-native
species, such as Transline that controls mainly legumes and composites, and
minimize damage to surrounding desirable plants even though they receive
herbicide contact. Minimizing damage to desirable cohorts can also be achieved
by making applications when the cohorts are dormant. For example, apply
basal sprays to the bark of invasives in late winter before most other plants
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emerge, or foliar spray evergreen or semi-evergreen invasives after surrounding
plants have entered dormancy. Remember that desirable woody plants can be
damaged through transfer of herbicides by root exudates following stem injection
and cut-treat treatments or when soil active herbicides wash off treated stems.
Damage to surrounding native plants can be minimized with care and forethought
during planning and application (Figure 1).

Figure 1. Timing of treatments to minimize off-target impacts. Image by Steven
Manning, Nashville, Tennessee.

A. Adjuvants and Additives

Adjuvants are products that are added to a spray solution to enhance or modify
its performance. Adjuvants are either included in herbicide formulations as part
of the total product, or are sold as an additive to be mixed with herbicide products
in the spray tank. Adjuvants are classified according to their type of action. The
choice of an adjuvant should be based on the specific need to complement the
herbicide being applied. Another common additive used by professionals is a
marking dye, which is not an adjuvant.

Marking dyes and colorants are considered necessary in selective or
broadcast herbicide application to allow the applicator to verify that the herbicide
application has been applied to the intended target. Dyes are an indicator of the
applicator’s efficiency of limiting herbicide contact with non-target vegetation
and personal contact. The addition of a water-soluble dye can assist in tracking
treatment and detecting spray drift on desirable plants. Although dyes are messy
and short-lived as a visible marker, they are helpful in training and checking the
quality of applications (Figure 2).
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Figure 2. Application of dyes to cut stump. Image by Steven Manning, Nashville,
Tennessee.

Sticker spreaders are sticking agents designed for use with herbicides
which can reduce or eliminate the need for conventional surfactants. The agent
forms a sticky, elastic film which can hold the herbicide on the plant foliage
and greatly reduce runoff of the spray residue. Do not mix a sticker spreader
into an herbicide mix that already contains a surfactant as this will decrease the
herbicides effectiveness.

Surfactants are materials that facilitate and accentuate the emulsifying,
dispersing, spreading, wetting, or other surface modifying properties of
liquids. Herbicide, weed species and environmental conditions affect surfactant
performance. Surfactants should be used in most foliar applications, but it is
important to adhere to the herbicide label recommendations.

Water conditioners are spray solution additives that enhance herbicide
performance by preventing deactivation of the herbicide’s active ingredient.
Ammoniated salts are added to prevent loss of herbicidal activity of glyphosate
and picloram when using “hard water” with greater than 200 parts per million
of calcium, magnesium, and potassium. Acidifiers and buffers are additives
sometimes listed on herbicide labels for use with specific water sources.
Ammoniated salts, buffers, and surfactants are now blended to combine their
activities in special spray additives.

Vegetable oils, such as methylated seed oil (MSO), can increase spray drop
adherence to leaves, increase herbicide penetration of leaves, and slow evaporation
during and after application. Herbicides must remain in solution on a leaf for plant
uptake. Vegetable oils also are mixed in basal sprays, and some vegetable oils
contain emulsifying agents for this purpose.

B. Herbicide Mixing

Always use clean water in an herbicide mixture and mix spray solutions
thoroughly before applying. Before adding an herbicide to a spray tank, mix it
thoroughly in a separate mixing container (Figure 3).
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Figure 3. Herbicide mixing. Image by Steven Manning, Nashville, Tennessee.

C. Directed Foliar Sprays

Directed foliar sprays are herbicide-water sprays aimed at target plant foliage
to cover all leaves to the point of runoff, applied with various low and high volume
spray equipment. Herbicide application by directed foliar spray is a cost effective
method for treating many types of invasive plant species. With this method,
herbicides are thoroughly mixed in water, often with a non-ionic surfactant,
and applied to the foliage and growing tips of woody plants or to completely
cover herbaceous plants. Foliar sprays are usually most effective when applied
from midsummer to late fall, although spring and winter applications have use
on specific plants and situations. Selective treatment is possible because the
applicator directs the spray towards target plants and away from desirable plants.
Another safeguard is to only use foliar active herbicides, because directed sprays
of soil-active herbicides can damage or kill surrounding plants when their roots
are within the treatment zone. Never use herbicides with soil activity to treat
invasive plants under desirable trees or shrubs (Figure 4).

Figure 4. Directed foliar spray. Image by Steven Manning, Nashville, Tennessee.
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D. Spray Drift

Spray drift is the movement of a pesticide through air during or after
application to a non-target site (Figure 5). Several factors play a role in creation
or reduction of drift including:

• Volatility and viscosity of herbicide formulation
• Applicator experience and technique
• Weather conditions at the time of application
• Equipment type and quality

Figure 5. Application of herbicides near a waterway. Image by Steven Manning,
Nashville, Tennessee.

Table 1. Effect of wind speed on herbicide spray droplets

Wind speed and direction as well as spray droplet size are important factors
that affect drift (Table 1). Small-to-medium size droplets are desirable when
applying herbicides to achieve good coverage and foliage penetration. However,
it is important to remember that smaller droplets can drift long distances because
of their light weight. Newer modified nozzles increase the efficiency of small
droplets while reducing the potential for drift. This is accomplished by using
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new atomizers, air-assist technology, or shields to overcome drift-producing air
currents and turbulence that occur around the nozzle during spraying.

III. Herbicide Application Equipment

A. Equipment Use and Care

In order to be effective, herbicides must be applied to a target species at the
correct concentration. This is accomplished by the use of appropriate equipment
that is properly prepared, calibrated, and used according to the manufacturer’s
specifications.

1. Sprayer Preparation

Prior to calibration of equipment and application of herbicides, applicators
must properly prepare the equipment. First, thoroughly clean all nozzles, screens
and filters to ensure a uniform application and make sure all nozzles are made of
the same material such as stainless steel. Second, replace nozzles that do not have
uniform spray patterns and select an operating pressure consistent with the desired
gallons per acre output.

2. Nozzles and Equipment Calibration

Choosing sprayer nozzles is not as simple as using the nozzle that comes with
your equipment. The spray tip is the most important nozzle accessory for your
sprayer (Figure 6). It breaks the liquid into droplets of the correct size, forms the
spray pattern, and projects the droplets. Nozzle tips are designed for various uses
and spray pressures.

Figure 6. Herbicide application nozzles. Images by Steven Manning, Nashville,
Tennessee.

Spray tips are made from a variety of materials. Tips made of harder materials
may cost more initially, but are more durable. The most common tips available
for use with backpacks are plastic, brass, stainless steel and air induction. Plastic
nozzles tend to have very irregular spray patterns frommanufacturer defects. Brass
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nozzles have a tendency to be easily damaged creating irregular spray patterns. It
is a good practice to discard plastic or brass nozzles after purchase and replace
with stainless steel or air induction.

Newer "low-drift" nozzles can reduce the risk of creating drift and are more
effective in reducing the number of small droplets than what can be accomplished
using the conventional nozzles. Stainless steel nozzles have fewer out of the box
defects, and are much more durable than brass or plastic. Stainless steel provides
a uniform and consistent spray pattern. Air inclusion, air induction or “venturi”
nozzles create negative pressure inside the nozzle body. Air is drawn into the
nozzle through two holes in the nozzle side, blending with the herbicide mix. The
emitted spray contains large droplets filled with air bubbles and virtually no drift-
prone droplets.

The best nozzles with the least amount of factory faults are either stainless
steel or air induction. Although they are more expensive in the short term, their
longer wear life often results in lower long-run costs. When the primary focus
is invasive plants, models 40.02E SS (Stainless Steel), 80.04E SS, 25.04 SS
and Floodjet TK VS3 are good additions to your toolkit. When purchasing air
induction or stainless steel nozzles, purchase models that comprise a plastic body
with a steel tip. These are just as durable at a reduced price (Figure 7).

Figure 7. Spray nozzle swivel with interchangeable tips. Image by Steven
Manning, Nashville, Tennessee.

3. Application Equipment Cleaning

It is important to thoroughly clean equipment at the end of every workday. It
is a good principle to mix only what you will need for the day. If there is herbicide
mixture left over at the end of the day, spray the remaining chemical onto the target
vegetation on the site and clean the tank prior to departure. When changing from
a water-based mix to an oil-based mix in a backpack sprayer, thoroughly evacuate
the water from the pump and run a small amount of oil through the pumping
system before filling with the oil-based mix, otherwise, a white sludge will clog
the sprayer.
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B. Low Volume Herbicide Application Equipment

Using tips and spraying pressures of 20 - 30 pounds per square inch can ensure
productivity with only a few fine droplets that may drift to surrounding plants.
Plants up to 6 feet tall can be treated with this equipment, while the addition of a
commercially available wand extension can slightly increase height capabilities.
To treat plants up to about 18 feet tall, use higher spray pressures with a straight-
stream or narrow flat fan tip.

1. Hand Sprayers

Most hand sprayers available commercially are made for occasional weekend
users (Figure 8). If you require a model that will be used in continuous daily
operations consider purchasing one that is chemical resistant with mechanically
robust Viton® gaskets and a manual hand pump. A good hand sprayer will also
have an adjustable mist nozzle and a large filling opening for easier mixing.
Models with pump compression design are good for cutting and treating, while
trigger action pumps are better suited for stem injection treatments.

Figure 8. Handheld sprayers. Images by Steven Manning, Nashville, Tennessee.

2. Backpack Sprayers

Low volume directed sprays are often applied with a backpack sprayer and
a spray wand equipped with a full cone, flat fan, or adjustable cone spray tip.
Backpack sprayers vary greatly and many versions are available commercially
(Figure 9). Themost desirable components of a backpack sprayer are a streamlined
shape (to make it easy for the applicator to move through dense vegetation) and an
impact-resistant tank equipped with a large opening (for filling) and a solid screen
(to trap debris). All backpack sprayers and spray guns should have chemical-
resistant seals. Viton® seals are made of the most durable materials and allow
handling of both oil- and water-based mixtures. Backpacks with internal pressure
regulators can help the applicator ensure uniform rates of application andminimize
drift that otherwise might result from using too much pressure. Some models have
kink resistant hoses and any model purchased should have a 1 - 3 year warranty.
A spray gun with a narrow flat fan tip can replace a wand for some applications.

215

  P
ub

lic
at

io
n 

D
at

e 
(W

eb
):

 S
ep

te
m

be
r 

15
, 2

01
1 

| d
oi

: 1
0.

10
21

/b
k-

20
11

-1
07

3.
ch

01
9

In Invasive Plant Management Issues and Challenges in the United States: 2011 Overview; Westbrooks, R., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 2011. 

http://pubs.acs.org/action/showImage?doi=10.1021/bk-2011-1073.ch019&iName=master.img-008.jpg&w=323&h=100


Figure 9. Backpack sprayers. Image by Steven Manning, Nashville, Tennessee.

3. Weed Wick Applicators

Weed Wick Applicators consist of a wick or rope soaked in herbicide from
a reservoir attached to a manual use handle or electrical pump equipment. The
wetted wick is used to wipe or brush herbicide over weeds as it passes over them.
Three types of wick applicators have been traditionally used in crop management:
the longitudinal rope-wick applicator; the transverse rope-wick applicator; and the
canvas-wick applicator.

Longitudinal rope-wick applicators are robust and provide a long contact time
between the wicks and individual plants while applying herbicide to the back and
sides of treated plants. Canvas-wick and transverse rope-wick applicators are less
expensive, but are easily damaged in rough terrain, apply chemical to the back side
of the plant only and have short contact time with plants (Figure 10).

Figure 10. Handheld weed wick applicator. Image by Steven Manning, Nashville,
Tennessee.

The Weed Roller, which is similar to a weed wick applicator, is a drift-free
weed control tool that allows its user to apply herbicides directly to targeted species
by rolling the herbicide onto the target surface via its rolling sponge head.
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C. High Volume Herbicide Application Equipment

Directed foliar sprays are also applied using wands on hoses attached to
spraying systems mounted on vehicles with a much larger capacity. Examples
include ATV and RTV mounted sprayers, tractor mounted sprayers, utility
skid/trailer sprayers, and aircraft sprayers.

1. ATVs and RTVs

ATV (all terrain vehicles) sprayers are used for selective applications in
sensitive areas that are too large for backpack spray procedures. Newly designed
sprayers can hold 16, 24 or 40 gallons with optional front tank add on for many
ATV models. Boomless nozzles as well as a hose with spray gun can be attached
for times when the applicator needs to administer spot treatments. RTVs (rough
terrain vehicles, also called Gators) are larger than ATVs and allow the operator
to have more capacity for herbicide mixtures. RTVs can hold up to 150 gallon
tanks and are a better option when spraying right of ways and larger swaths of
herbaceous plants (Figure 11).

Figure 11. ATV and RTV. Image by Steven Manning, Nashville, Tennessee.

ATV Safety

When applying herbicides or mobilizing on a site using an ATV, RTV or other
off road vehicle, it is important to understand appropriate safety measures for these
tools. Ideally, all practitioners should take a safety course prior to starting work
in the field. At a minimum, the field technician should wear an ANSI approved
head protective helmet and the appropriate PPE associatedwith the herbicide being
applied.
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2. Tractor Mounted Sprayers

Tractor mounted sprayers are the best tool for large prairie restoration and
right of way projects. Interchangeable attachments allow the operator to use the
tractor for herbicide application as well as seed application procedures. Tractor
mounted tanks allow for a much larger workload than other ground equipment
with a capacity from 200-600 gallons of spray solution per tank (Figure 12).

Figure 12. Tractor mounted sprayer. Image by Chad Zorn

3. Wetblade Applicators

Wetblade Applicators are mowers with a cutting deck and a built-in sprayer to
deliver herbicides to target vegetation during mowing. Wetblade mower systems
can also be used to deliver some biocontrol agents. This can be an effective way to
integrate biological with mechanical control of invasives under certain conditions.
Wetblade devices can also be added to other cutting tools such as modified brush
cutters that cut and treat stumps simultaneously. In general, control has been
inconsistent with the current technology.

4. Utility Skid/Trailer Sprayers

Utility skid/trailer sprayers often have a 100-150 gallon capacity. Non-native
plant management usually requires that a 100-200 foot hose with handgun and
reel be attached to the sprayer for instances when the applicator must trek into the
infestation on foot (Figure 13).

218

  P
ub

lic
at

io
n 

D
at

e 
(W

eb
):

 S
ep

te
m

be
r 

15
, 2

01
1 

| d
oi

: 1
0.

10
21

/b
k-

20
11

-1
07

3.
ch

01
9

In Invasive Plant Management Issues and Challenges in the United States: 2011 Overview; Westbrooks, R., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 2011. 

http://pubs.acs.org/action/showImage?doi=10.1021/bk-2011-1073.ch019&iName=master.img-012.jpg&w=320&h=96


Figure 13. Utility skid/trailer sprayer. Images by Steven Manning, Nashville,
Tennessee.

Skid sprayers are a good tool to use for spraying invasive plants that are
not accessible by vehicle. Tanks can hold up to 200 gallons of solution and the
applicator can utilize up to a 200 foot hose to access hard to reach areas.

5. Roadside and Turf Sprayers

Roadside and turf sprayers have a much larger capacity than tractor mounted
sprayers and generally range from 500-3,000 gallons. Roadside sprayers are often
custom designed to fit onto a work truck and are the most efficient way to spray
roadsides (Figure 14).

Figure 14. Roadside sprayer. Image by Art Gover,
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6. Helicopter Sprayers

Helicopter sprayers offer a unique and selective way to apply herbicides on
larger, remote sites where non-natives exist. With GPS technology helicopter
applicators can be extremely precise in controlling target vegetation. They are
highly maneuverable and apply sprays at much slower speeds than fixed-wing
aircraft. Spray tanks vary in size from 90 - 230 gallons. Many types and sizes
of nozzles are available (Figure 15).

Figure 15. Helicopter sprayer. Image by Clayton Ferrell. Tennessee National
Wildlife Refuge, U.S. Fish and Wildlife Service, Paris, Tennessee.

7. Fixed Wing Aircraft Sprayers

Fixed wing aircraft sprayers (often called crop dusters) with spray booms
mounted below the lower wing have been used effectively to apply herbicidal
sprays over extensive areas to control brush and weeds since the 1950s. They
have larger payload capacities and greater airspeeds than helicopters. Spray tank
capacities vary from 400 - 800 gallons. GPS/GIS systems are helpful for precision
applications. Fixed-wing planes are not suited for spraying highly irregular shaped
sites or mountainous areas and require a nearby airport to be efficient.

8. Large Fixed Wing Aircraft Sprayers

Large fixed wing aircraft sprayers include specially-modified C-130H aircraft
and Modular Aerial Spray Systems (MASS.) The MASS systems are designed for
specially-modified C-130 aircraft, used to spray biting insects such as mosquitoes,
sand fleas, and filth flies. The systems are also used to control vegetation growth on
military bombing ranges. Although such services are available nationwide, there
are few management areas sizeable enough to utilize such a service in the eastern
United States (Figure 16).

As an example, one project conducted by the Air Force Reserve’s 910th Airlift
Wing in Youngstown, OH, sprayed 2,880,662 acres, or 4,501 square miles - an
area equivalent in size to the state of Connecticut. A total of 14,000 gallons of
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pesticides were used and the missions comprised 191.4 hours of total flying time
with 46.5 hours of actual “Spray-On” time flying at 150 feet above ground level.

Figure 16. Large fixed wing aircraft sprayers. Image by Ron Nehrig and Karl
Haagsma,

IV. Other Selective Herbicide Application Methods

Although treating extensive inaccessible infestations may require broadcast
treatments by helicopter or tractor-mounted application systems, the best approach
is usually selective applications of herbicides to target nonnative plants while
minimizing off target impact to desirable plants.

A. Stem Injection

Stem injection (including hack and quirt) is a selective method of controlling
larger trees and shrubs (more than 2 inches in diameter) with minimum damage
to surrounding plants (Figure 17). Cut surface treatments are sometimes not as
effective in controlling root suckering as basal bark treatment, but may be easier
to use in remote or difficult terrain where using a backpack would be difficult. Use
this method during the summer or sprouting and suckering will be more likely to
occur.

221

  P
ub

lic
at

io
n 

D
at

e 
(W

eb
):

 S
ep

te
m

be
r 

15
, 2

01
1 

| d
oi

: 1
0.

10
21

/b
k-

20
11

-1
07

3.
ch

01
9

In Invasive Plant Management Issues and Challenges in the United States: 2011 Overview; Westbrooks, R., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 2011. 

http://pubs.acs.org/action/showImage?doi=10.1021/bk-2011-1073.ch019&iName=master.img-016.jpg&w=136&h=169


Figure 17. Cut surface treatments – hack and squirt. Images by Steven Manning,
Nashville, Tennessee.

Spaced injection, usually as the hack and squirt method, is the fastest andmost
effective for treating non-native trees such as tree-of-heaven [Ailanthus altissima
(P. Mill.) Swingle]. Injection cuts are generally spaced about 1.0 - 1.5 inches
apart around the circumference of the trunk at any convenient height. Hand-held,
chemical resistant 1 - 2 quart spray bottles are commonly used for applying 0.5
- 2 milliliters of concentrated herbicide or herbicide dilution into the incisions.
Incisions should be angled downward to hold the herbicide, and must be deep
enough to penetrate the bark and cambium layer. A complete girdle or frill is not
needed or desirable.

Completely frilling the stem with edge-to-edge cuts or injections is required
for very large stems or difficult to control species. Multiple cuts should not be
made directly above or below each other because this will inhibit movement of
the herbicide. Herbicide is applied to each cut until the exposed area is thoroughly
wet. The herbicide should remain in the injection cut to avoid wasting herbicide
on the bark and to prevent damage of surrounding plants. Machetes are useful in
clearing a path in thick vegetation and in creating a wound in a wooden stem for
chemical injection (Figure ).

Figure 18. Manual control with a machete. Images by Steven Manning,
Nashville, Tennessee.

Special tree injectors are available that combine the cutting operation with
automated herbicide delivery. For injecting some herbicides (amine formulations),
theHypoHatchet®Tree injector consists of a steel hatchet connected to a herbicide
container (worn on belt) by tubing (Figure 19). The injector delivers 1 milliliter of
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herbicide into the cut. The Hypo Hatchet is not generally suitable for backcountry
use because the supply line is easily tangled and prone to separation from the
supply tank.

Figure 19. Hypo Hatchet® – tree injector. Image by Steven Manning, Nashville,
Tennessee.

Another injector is the EZ-Ject®, which consists of a steel lance that holds 400
shells of glyphosate or imazapyr herbicides (Figure 20). The head of the lance is
placed against the base of the target woody plant and a manual thrust jams the shell
through the bark into the inner bark. As with other injection methods, these shells
are spaced around each stem. Shell jamming has been reported as a persistent
problem when using the EZ-Ject® to treat extensive infestations, which may limit
this tool to occasional use.

Figure 20. EZ-Ject® Chemical Injector. Images by Steven Manning, Nashville,
Tennessee.

Tree injection treatments are most effective when applied throughout summer
and into late winter. Heavy spring sap flow can wash herbicide from incision cuts,
making this an ineffective period. All injected herbicides can be transferred to
untreated plants by root grafts and uptake of root exudates. Herbicides with soil
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activity can damage nearby plants when washed from incisions into the soil by
unexpected rainfall soon after application. Avoid injection treatments if rainfall is
predicted within 48 hours. Use chemicals that do not travel in the soil to limit off
target mortality.

B. Cut-Treatments

Cut-treatments involve herbicide concentrates or herbicide-water mixtures
applied to the outer circumference and sides of large freshly cut stumps or the
entire top surface of small cut stems, applied with a spray bottle, wick, or paint
brush. Freshly cut stems and stumps of woody stems, including canes, vines, and
bamboo, can be treated with herbicide mixtures to prevent resprouting and to kill
roots, and should be treated immediately after the cut. Cutting is usually done
with a hand saw or with cutting tools such as a chain saw or a brush saw.

1. Chainsaws

Most non-native invasive plant control requires a 12-14” bar. It is a good idea
to use professional lightweight models when choosing a saw. Professional “Tree”
saws are usually the lightest on the market (Figure 21).

2. Brush Saws

Brush saws are weed eaters with a blade for a cutting device. While many
large and expensive brush clearing saws can be found in the market, the high end
professional weed eater is what is usually needed for non-native invasive plant
control projects. Special blades are available at most dealers. Saw tooth blades
are the best for controlling non-native invasive plants and can be re-sharpened
throughout the life of the blade.
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Figure 21. Cut stump treatments. Images by Steven Manning, Nashville,
Tennessee.

To minimize deactivation of the herbicide, sawdust should be removed from
cut stumps before treatment. Cut Stems and stumps should be treated as quickly as
possible with a utility spray bottle for spray applications. Small stems should be
treated with a wick applicator, lab wash bottle, or paintbrush. For stumps over 3
inches in diameter, the outer edge should completely saturated with the herbicide
solution, allowing some to run down the sides. The tops of smaller stumps and
cut stems in a clump should be completely covered with herbicide. Cut stumps
and stems that have remained untreated for over two hours should be treated with
a basal spray mixture of herbicide, oil, and penetrant, or completely covered with
Pathfinder II® (triclopyr).

The most effective time for the stump spray method is summer and fall.
Although winter treatments are slightly less effective than growing season
applications, the absence of foliage on cut stems and branches produces some
offsetting gains in application efficiency.

Note: Do not cut and treat stems more than 3 inches from the ground.
Applying herbicides to taller stumps will decrease mortality as the herbicide has
to move further to buds and root tips.

C. Basal Sprays

Basal sprays are herbicide-oil-penetrant mixtures sprayed or daubed onto
the lower portion of woody stems, usually applied with a backpack sprayer or
wick applicator. Basal sprays are best where most trees are less than 8 inches in
diameter, but can be used on much larger trees as well. Application is made to
smooth juvenile bark by thoroughly wetting the lower 10 - 24 inches of the trunk,
up to 36 inches on larger trees, to the ground line, including the root collar area
and any exposed roots. Avoid spray contact with desirable trees or heavy use
within their root zone. The herbicide must be in an oil-soluble formulation (diesel
fuel, fuel oil, mineral oil, vegetable oil, or special basal oil products) and if not in
a ready-to-use form it may be mixed with specially formulated penetrating oil.
Use an adjustable cone nozzle in a coarse spray, or a B&G Basal Wand with a
Y3 (or X3) tip, or for less off-target spray on smaller trees use an even flat fan
nozzle with a fairly narrow angle and low volume – such as a 40.02E, oriented
cross-wise to the wand. All backpack sprayers and spray guns should have
chemical resistant seals for the herbicides and carriers being used. Herbicides
that are soluble in oil (mainly Garlon 4) are mixed with a commercially available
basal oil, vegetable oil, crop oil, diesel fuel, or kerosene often adding a special
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penetrant. Some herbicides, such as Pathfinder II and Vine-X, are sold ready to-
use with these ingredients. Once treated, wait at least 6 months before cutting
dead trees. Fall, winter and late spring applications are often not as effective,
though the period from Feb. 15 – April 1 is acceptable. The best time is June 1 –
Sept. 30 (Figure 22).

Figure 22. Basal bark spray treatment. Image by Steven Manning, Nashville,
Tennessee.

A modified method, called streamline basal sprays, is effective for many
woody species up to 2 inches in diameter, as well as trees and shrubs up to 6
inches in diameter if the species is susceptible. The equipment needed for this
treatment is a backpack sprayer with a spray gun and a low-flow straight-stream
or narrow-angle spray tip. To prevent waste, maintain pressure below 30 pounds
per square inch with a pressure regulator. At this pressure, an effective reach of
9 feet is possible while bark splash is minimized. For stems less than 2 inches
in diameter, the stream of spray should be applied up-and-down single stems for
about 6 to 8 inches, or applied across multiple stems in 2-3 inch-wide bands. This
same multiple band treatment can be effective on larger stems. Direct the spray
stream to smooth juvenile bark at a point about 4 - 18 inches from the ground.
Stems that are thick barked or near 3 inches in diameter require treatment on all
sides. Applications are usually in late winter and early spring, when leaves do not
hinder spraying the stem. Summer applications are effective but more difficult.
Avoid ester herbicide formulations on hot days to prevent vapor drift injury to
non-target plants.
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D. Soil Spots

Spots of soil-active herbicide [e.g., Velpar L® (hexazinone) and Hyvar X-L®
(bromacil)] are applied as metered amounts to the soil surface in grid patterns
around target woody stems or in a grid pattern for treating many stems in an
area are usually applied with a spray bottle or with a backpack sprayer equipped
with a straight-stream nozzle. This method requires exact amounts and prescribed
spacing’s that are specified on the herbicide label or label supplements. It is only
effective on specific nonnative plant species and usually only when applied in
spring and early summer (Figure 23).

Figure 23. Soil spot treatment. Images by Steven Manning, Nashville, Tennessee.

E. Thinvert Application System

The THINVERT Application System® combines a series of spray nozzles
with a thin invert emulsion spray fluid which controls spray drift and reduces
evaporation of airborne sprays. It is a good tool for low-volume sprays to right-of-
way brush foliage, stems, or cut stumps. THINVERT forms a more stable droplet,
which does not readily break up into finer droplets as water droplets do when
released into the atmosphere. THINVERT carriers are usually only slightly more
viscous than typical oil carriers (Figure 24).

Figure 24. Thinvert Application System. Images by Steven Manning, Nashville,
Tennessee.
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F. Pneumatic Applicator Equipment for Herbicide Ballistic Technology

Currently, new equipment options are under development at the University
of Hawaii for control of invasive plants in hard to reach areas such as hillsides
and ravines with herbicide filled paint balls that are dispensed with paintball guns
(Figure 25). From the ground or helicopter, sharpshooters treat target plants with
herbicide filled capsules in a very selective manner. This very selective control
option also creates an easier to use measurement system for herbicide application
– no mixing is required.

Figure 25. Herbicide ballistic technology. Images by Steven Manning, Nashville,
Tennessee.

V. Summary

In many cases, the most effective method for control of an invasive plant in
natural areas involves the use of herbicides. Once it is determined that chemical
control is the preferred method for controlling an invasive plant, the next step is to
determine what kind of herbicide should be used. Most herbicides are applied as
a spray to target vegetation or to the soil around a target species (where it is taken
up by the plant root system). Adjuvants and additives are added to a herbicide
mix to enhance its effectiveness – to help it stick to the plant surface, or to help it
penetrate into the plant tissues. The final step in planning for an herbicide treatment
is to determine how it should be applied to target vegetation. Low volume or high
volume sprayers are normally used to apply herbicides, depending on the size of
the target area. However, in some cases, other selective application methods such
as cut treatments (hack and squirt), stem injection, and basal bark treatments are
used to minimize off-target impacts. Herbicide ballistic technology which uses
paintball guns to apply pre-mixed herbicides in paintball pellets is a new method
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for applying herbicides to target species in hard to reach areas such as hillsides and
ravines. In all cases, the proper use of application equipment ensures that herbicide
sprays are dispensed correctly and effectively.
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Chapter 20

Manual, Mechanical, and Cultural Control
Methods and Tools

Steven Manning*,1 and James Miller2

1Invasive Plant Control, Inc., Nashville, TN
2USDA Forest Service, Auburn, AL

*E-mail: steve@ipc-inc.org

There are many land management scenarios where chemicals
are not the ideal choice for controlling invasive plants. More
often than not, the best approach is the use of integrated
pest management involving a variety of control methods.
Maximizing the value of mechanical, manual, and cultural
control methods with the added benefit of selective herbicides
can offer the best results in many situations. It is important
to choose durable and tested tools when utilizing manual and
mechanical control as these labor intensive methods can be
very time consuming. Down time due to use of inadequate
tools can result in missed deadlines and often in poor mortality
rates which require expensive retreatments. Land managers
should also be aware of cultural methods of integrated pest
management which are often overlooked. Mulching, soil
solarization with plastic film, thermal weed control, water level
manipulations, prescribed burning, and prescribed grazing are
cultural methods that can play a key role in the reduction of
invasive plant populations.

I. Introduction

Due to the sensitivity of some native species to herbicides, manual,
mechanical, and cultural control methods are widely used to manage invasive
plants in natural areas. However, except in cases where the entire plant (above
ground stems and root systems) can be removed, most of these methods represent
short term solutions for land clearing that are used along with chemical control

© 2011 American Chemical Society

  P
ub

lic
at

io
n 

D
at

e 
(W

eb
):

 S
ep

te
m

be
r 

15
, 2

01
1 

| d
oi

: 1
0.

10
21

/b
k-

20
11

-1
07

3.
ch

02
0

In Invasive Plant Management Issues and Challenges in the United States: 2011 Overview; Westbrooks, R., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 2011. 



methods. Once above ground stems and root systems have been removed, it is
much easier to control germinated seedlings and other regrowth with herbicides.

II. Manual Control Methods and Tools

Manual removal is best suited for smaller plants with a shallow root system
that are growing in loose soil [e.g., Chinese privet (Ligustrum sinense Lour.)].
As such, manual removal is expensive and time consuming, but can be used as a
component of invasive plant control (Figure 1).

Figure 1. Hand removal of invasive plants. Image by Steven Manning, Nashville,
Tennessee.

Hand pulling or grubbing is often the quickest and easiest way to halt invaders
when first spotted and can be a very effective tool for volunteers. However, roots
that break off during extraction will sometimes resprout. Manual removal can
also cause unwanted soil disturbance which can result in conditions favorable to
invasive plant reinvasion. Frequent visits over the course of several years are often
necessary for success with manual control.

A. Digging Tools

Digging tools rely on either operator weight or strength to uproot non-native
plants from the ground. Available products range from 6:1 to 24:1 pulling power.
For example, with a minimum 12:1 ratio, if the operator applies 10 lbs of body
weight to the end of the handle, he or she is applying initially 120 lbs. of uprooting
force to the plant. Some brand names include the Weed Wrench™ (Figure 2),
Honeysuckle Popper™, Root Talon™, and Extractigator™.
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Figure 2. Weed wrench for pulling invasive plants out of the ground. Image by
Steven Manning, Nashville, Tennessee.

B. Mattocks

Mattocks are the tool of choice when manual control is required. A mattock
with an ax on one end of the cutting tool and the digging tool on the other is
preferred over a pick ax when controlling invasive plant species. For species that
readily re-sprout from the roots [e.g. Beach vitex (Vitex rotundifolia L. f.)], the
entire root system should be removed. However, for species with root crowns
[e.g., Kudzu [Pueraria montana (Lour.) Merr. var. lobata (Willd.) Maesen & S.
Almeida], it is only necessary to remove the crown and any rooted vine nodules
(Figure 3).

Figure 3. Manual removal of kudzu crowns by the South Carolina Kudzu
Coalition, Spartanburg, S.C. July 2, 2007. Image by Randy G. Westbrooks, U.S.

Geological Survey, Whiteville, North Carolina.
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C. Hand Clippers and Loppers

Hand clippers and loppers are required when mechanically controlling
climbing vines or small multi-stemmed woody species (Figure 4). Always follow
the vine or stem to the point where it emerges from the ground. If you are
unable to unearth the stem, cut as closely to the ground as possible and remove
debris. To effectively control most non-native species, it is necessary to apply an
appropriate herbicide to the wound. When this is not an option it will be necessary
to repeatedly cut when resprouts appear until there is no regrowth.

Figure 4. Hand loppers. Image by Steven Manning, Nashville, Tennessee.

D. Machetes

Machetes are useful tools for stem injection and in certain scenarios, cutting
and treating. Various machetes are available on the market (Figure 5). Good
qualities in amachete include solid handles and easy to sharpen blades. Sharpening
tools should be taken to the field and repeatedly used to ensure the most efficient
and safest use.

Figure 5. Machetes. Image by Steven Manning, Nashville, Tennessee.
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E. Girdling Tools

Both manual and gas powered girdling tools are available on the market that
are created specifically for girdling trees (Figure 6). Other tools such as chain saws
and axes can also be effective. Girdling severs the bark, inner bark, and some the
sapwood in a ring extending entirely around the trunk of a tree to stop sugar and
water movement. If the ring is wide and deep enough it will keep the girdled
area from growing back together. This technique does not work on all non-native
tree species. Often it is necessary to add an herbicide to the area of the trunk that
has been girdled to ensure effective treatment. Girdling may result in additional
hazards as subsequent dead standing trees decay and fall over time. Therefore
girdling is not recommended in high use areas (along trails or around structures).

Figure 6. The ‘ringer’ – an effective tool for girdling thin barked invasive trees.
Image by Steven Manning, Nashville, Tennessee.

Note: A chemical application is often necessary after girdling for many hard
to treat plants.

III. Mechanical Control Methods and Equipment

Mechanical treatments complement herbicide control and sometimes increase
efficiency. Mechanical control ranges from the use of chain and brush saws, to
mowers, bulldozers, and specialized logging equipment to remove woody plants.
Follow up with other control methods is essential after the use of mechanical
methods because disturbance of the soil creates favorable conditions for invasive
plant regrowth from seeds and root fragments (Figure 7). It may also be necessary
when using non selective larger mechanical tools to prepare a plan for replanting
the site. Mechanical removal with larger equipment may not be appropriate in
natural areas because of disturbance to soils and nontarget vegetation.

Although ineffective by themselves to achieve eradication, mechanical
treatments can give added kill of herbicide weakened plants and have a place in an
integrated pest management program. The stumps and stems of non-native trees,
shrubs, and bamboos can be treated with herbicides immediately after cutting to
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kill roots. Disking and root raking, if applied correctly, can dislodge herbicide
damaged woody roots and large runners, leaving them to dry and rot.

Figure 7. Broken roots left by mechanical control methods – roots that can
resprout if not removed or otherwise treated. Image by Steven Manning,

Nashville, Tennessee.

A. Chain Saws, Brush Saws, and Mowers

Cutting woody and herbaceous plants by chain saw, brush saw, or mowers
remove only aboveground plant parts without killing the roots. String trimmers
can reduce infestation densities and injure thick waxy leaves to improve herbicide
uptake and effectiveness (Figure 8).

Figure 8. Lee Patrick, Invasive Plant Control, Inc., Nashville, TN, cutting down
a Mimosa tree (Albizzia julibrissin Durazz.) with a chain saw. Image by Randy

G. Westbrooks, U.S. Geological Survey, Whiteville, North Carolina.
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B. Mulching Machines (Land Clearing Machines)

Mulching machines are best used in nonselective scenarios where the cost
of selective control is far too prohibitive and may result in non-action for the
project. Mulching machines are land clearing tools that can cut through dense
stands of non-native woody plants at a rate of 2 - 4 acres per day for a one man
operated machine (Figure 9). When the cost for control utilizing cut and treat
methods is prohibitive, one solution in non-sensitive areas is to initially use a
mulching machine and follow up the next growth season with a foliar application
to resprouts. Because only the above ground portion of the plant is disrupted, this
method requires substantial follow up herbicide treatments to effectively control
a site.

Figure 9. Mulching machine. Image by Steven Manning, Nashville, Tennessee.

C. Grubbers

Grubbers are sharp, U-shaped blades mounted on the front of crawler
tractors, wheel loaders, excavators, or farm tractors to uproot individual trees or
large shrubs (Figure 10). Tractor size and type depend on the size of trees to be
grubbed and the type of terrain. Units are available commercially, but many are
fabricated in welding shops. Some units clamp the tree and pull the tree from
the soil. Grubbers are also good brush thinning tools. Farm tractors with small,
three-point-hitch grubbers are popular for use on limited acreages of previously
cleared areas. Grubbing is not practical in rocky soil or when tree densities are
more than 250 per acre over extensive acreages.
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Figure 10. Grubbing machine. Image by Steven Manning, Nashville, Tennessee.

D. Bulldozers

Heavy equipment such as bulldozers can be used to uproot non-native plants
but can be very damaging to the soil and surrounding vegetation. Bulldozers
(or tracked tractors) are made in a range of sizes, and smaller sizes have been
effectively used for woody invasive plant removal. Highly developed bulldozer
attachments equip them for residual tree sheering and piling, soil preparation, tree
planting, and fire line plowing. Use of bulldozers can be effective along fencerows
and some right-of-ways but are not the preferred tool in sensitive natural areas.

E. Mechanical Root Raking and Disking

Mechanical root raking and disking can actually intensify and spread
infestations of invasive plants with runners by chopping them into resprouting
segments and transporting them on the equipment (Figure 11). Fireplows can also
spread invasive plant rhizomes and roots. However, root raking, piling, brush
mowing, mulching or burning may be the only way to start controlling dense
infestations of multiple woody invasive plants.
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Figure 11. Kudzilla – kudzu root raking machine. Kudzu Coalition, Spartanburg,
S.C. Image by Randy G. Westbrooks, U.S. Geological Survey, Whiteville, North

Carolina.

IV. Cultural Control Methods and Equipment

Long term control of non-native invasive plants requires not only controlling
the problem plants but creating a system that prevents establishment of undesirable
species. Numerous cultural practices can be utilized to effectively control
non-native plants. Prescribed burning and water level manipulation are cultural
practices that can reduce invasive plant populations.

A. Mulching

Mulching blocks light, preventing weed germination and growth. Some
mulch materials require a thicker application layer to block all light. One effective
mulching method is using both cardboard and organic mulch. This treatment
can be effective for dense groundcovers by completely covering and overlapping
edges of the treatment area with cardboard. Cover cardboard with organic mulch
and create water holes where water pools. The cardboard can be left to compost
in place and will suppress all vegetation underneath.

B. Soil Solarization with Plastic Film

Plastic films such as black polythene sheeting are considered mulch for weed
control by absorbing most ultraviolet, visible and infrared wavelengths. They
can be used to suppress invasive weed growth but are not considered a long
term option. If this method is chosen it is beneficial to use a product made from
biodegradable material.
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C. Thermal Weed Control

Thermal weed control techniques (through flaming, hot water, and steam)
typically apply heat directly to the unwanted vegetation, and quickly raise the
temperature of the moisture in the plant’s cambium cells (Figure 12). The rapid
expansion of this moisture causes the cell structure to rupture, preventing nutrients
and water from entering the stalk and leaves, with dieback resulting in most plant
species. However, thermal weed control methods are costly and slow and do not
provide residual weed control. These methods also use large amounts of energy
per unit area which causes air pollution. While thermal control methods have no
apparent negative impacts on surface or underground water, the energy input for
thermal weed control is much higher than that for chemical control.

Figure 12. Propane burner for weed control. Image by Steven Manning,
Nashville, Tennessee.

1. Flaming

Flaming heats plant tissues rapidly to rupture cells but not burn them. Flaming
equipment can be purchased in a variety of sizes from walk behind to tractor
hitch models. Best results are obtained under windless conditions as winds can
prevent the heat from reaching the target weeds. Flaming is a good tool for small
infestations along trail edges but must be conducted regularly to address the entire
invasive seed bank.
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2. Hot Water

Hot water weed control is advantageous to flaming because it poses little
danger of starting uncontrolled fires. Leaves and shoots of treated plants will
change color and die-back within a couple of days of treatment, but many
non-native plants will regenerate since the roots are not sufficiently damaged.
Thus, repeated applications are necessary. Hot water treatment equipment is
commercially available; however such equipment requires large amounts of water
and energy, which is costly. While the option is not practical on a large scale, it
can be an effective tool for spot treatments in environmentally sensitive areas.

3. Steam

Steam offers several advantages over hot water in that it uses less water and
may provide better leaf penetration. Like hot water treatments, steaming can be a
beneficial tool for controlling nonnative plants when utilized on small infestations
and spot treatments where herbicides cannot be used. Steam treatments eliminate
fire risks and flame damage to sensitive environments. Also no smoke is produced
when weeds are steamed rather than flamed. The disadvantages include the
consumption of a high rate of fuels needed to operate equipment plus it is a time
consuming method. This method also destroys microbes within the soil due to
high water temperatures.

D. Prescribed Burning

Prescribed burning is the deliberate use of fire under specified and controlled
conditions to achieve a resource management goal. Most states train burn
specialists through a Certified Prescribed Burn Managers Program and require
that them to have some sort of liability insurance protection as well (Figure 13).
Like all other invasive treatments, prescribed burning requires special skills and
experience, including smoke management, for effective and safe implementation.
Resprouts of trees, shrubs, and vines that are top-killed by burning or brush
mowing can be more easily treated with foliar sprays, often the most cost-effective
way to use herbicides. Herbicide applications should be delayed after burning,
disking, or mowing to permit adequate resprouting of target plants and, thereby
maximizing herbicide uptake and effectiveness. With mechanical and burning
treatments, take precautions, such as burning in late winter or spring leaf-out, to
minimize the period of bare soil. The most effective time for controlling woody
invasive plants and their seedlings with fire is after plants have initiated growth
in spring.
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Figure 13. Prescribed burning. Image by Steven Manning, Nashville, Tennessee.

Prescribed burning can also destroy invasive plant seeds. Burning can prepare
the site for effective herbicide applications by clearing debris and revealing
application hazards, such as old wells and pits.

E. Water Level Manipulation

In areas where water level can be manipulated, flooding or draw downs can
reduce invasive plant species in aquatic and wetland habitats, but is usually not
effective as stand-alone treatment. This method is species and site specific. Land
use history and species ecology are critical in understanding the effects of fire
and flooding on the resulting plant species composition. Past practices affect soil
structure, organic content, seed bank and species composition.

F. Prescribed Grazing

Prescribed grazing is a type of biological control that relies on cattle, sheep,
goats, and horses to reduce infestations. Grazing is a potential control treatment
when the target species is palatable and not poisonous to the animal. This method
rarely yields eradication and may actually spread seeds [(e.g., tropical soda apple
in pastures (Solanum viarum Dunal)].

All herbivores could theoretically be biological control agents, but in reality
most herbivores released against invasive plants are insects. Development of
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biological controls takes years and cannot be relied upon solely to control invasive
plant problems in the eastern U.S. Purple loosestrife is one of the few eastern US
species with a successful biocontrol agent in place. Introduction of animals such
as cattle, sheep and goats can be used to suppress the growth of certain invasive
plants (e.g., kudzu). However, herbivores represent a non-selective option, and
often require supplementary nourishment and protection (e.g., fences and guard
dogs). As shown in Figure 14, goats are regarded as concentrated feeders that can
be used to control primarily woody vegetation such as shrubs and low hanging
tree limbs (browse). Sheep are intermediate feeders that are used primarily
for control of forbs (broadleaf herbs other than grass). Livestock are roughage
feeders that are used primarily for control of grasses (Figure 14).

Figure 14. Prescribed grazing by different herbivores. Images by Steven
Manning, Nashville, Tennessee.
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V. Summary

Manual, mechanical, and cultural control methods are widely used to manage
invasive plants in natural areas. Manual control methods are best suited for
control of smaller plants with a shallow root system. Manual control methods
and tools include hand pulling, grubbing, digging tools, mattocks, hand clippers,
loppers, mattocks, and girdling tools. Mechanical control methods are often used
to complement herbicide treatments. Mechanical control ranges from the use
of chain saws and brush saws, to mowers, bulldozers, and specialized logging
equipment to clear vegetation from large areas. Mechanical removal with larger
equipment may not be appropriate in natural areas because of disturbance to soils
and non-target plants. Long term control of non-native invasive plants requires
not only management of problem plants but creating a system that prevents
further establishment of other undesirable species. Cultural practices that help to
achieve this goal include mulching, soil Solarization with plastic film, thermal
weed control (e.g., flaming, hot water, and steam), prescribed burning, water
manipulation, and prescribed grazing with domesticated herbivores (e.g., cattle,
sheep, goats, and horses). Maximizing the use of manual, mechanical, and
cultural control methods with the added benefit of selective herbicide treatments
can offer the best results in many situations.
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Chapter 21

Length of Lag Phase and Additional Factors
Related to Introduction and Early Spread of

Invasive Plants: A Regulator’s View

Alan V. Tasker*

U.S. Department of Agriculture, Animal and
Plant Health Inspection Service (APHIS),

Plant Protection and Quarantine (PPQ), Riverdale, MD 20737
*E-mail: Alan.V.Tasker@aphis.usda.gov

United States Department of Agriculture, Animal and Plant
Health Inspection Service (USDA APHIS) is one of the
Federal agencies charged with prevention and control of newly
introduced species. APHIS regulators are often asked to justify
describing as "newly introduced" plants that have been in the
country for a relatively extended number of years before they
are identified as invasive. Field ecologists have identified
time lags of 30 or more years between introduction and rapid
population expansion for many herbaceous species, and 100
or more years for woody species. Various factors will affect
the length of lag-phase between introduction and rapid spread.
Lag-phase is considered by some, however, to be an artifact
of the model or the scale used. Models are usually based
on geometric expansion rates in circular dispersal patterns,
whereas expansion of infestations is usually discontinuous in
both time and place. Population growth may not correspond
to rate of dispersal, if it is merely increase in a limited area
without noticeable spread into a broader area. Because of this,
what appears to be a lag may actually conform to a constant
or exponential expansion rate when viewed from a broader
scale. An inverse relationship between lag-phase length and
number of introduced populations has been reported. Increased
numbers of introductions should expose more populations to
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conditions conducive to spread. Various measures of successful
colonization exist, but success is difficult to predict.

I. Introduction

The current authority for APHIS regulation of weed species appears in the
Plant Protection Act (PPA) signed into law in 2000 (1). Regulations implementing
these authorities as related to weeds are mainly found in 7 Code of Federal
Regulations (CFR) Ch. III Part 360. Federal Noxious Weeds (FNW) are
plants listed in the Noxious Weed Regulations at 7 CFR 360.200. The Federal
noxious weed definition in the PPA is “any plant or plant product that can
directly or indirectly injure or cause damage to crops (including nursery stock
or plant products), livestock, poultry or other interests of agriculture, irrigation,
navigation, the natural resources of the United States, the public health, or the
environment”.

Because this definition is general, and APHIS resources for weed programs
are limited, APHIS concentrates most of the federal effort onto weeds which fit
the International Plant Protection Convention (IPPC) category of quarantine pests:
having “potential economic importance to the area endangered thereby and not yet
present there, or present but not widely distributed and being officially controlled”
(2). In fact, previously under the Federal Noxious Weed Act (FNWA) of 1974
(now repealed except for one section) (3), a Federal Noxious Weed was defined
using the terms "recently introduced" and "of limited distribution." The language
in the PPA which authorizes remedial measures for new plant pests and noxious
weeds in PPA Sec. 414, (a) “Authority to hold, treat, or destroy items” (1) includes
the language “new to or not known to be widely prevalent or distributed within
and throughout the United States” which is consistent with the IPPC quarantine
definition.

Because many plant pests under APHIS authority fall under the quarantine
category, APHIS has traditionally considered weeds similarly to other pests we
regulate. Thus, APHIS weed regulators are often asked to justify the description
of plant taxa as “new to” if the taxa have been in the country more than a few years
before either being found or being determined to be invasive. APHIS managers
or stakeholders trained as entomologists, veterinarians, or wildlife biologists may
have had limited experience with plant ecology. They are accustomed to dealing
with species which are more mobile than plants, often have shorter generation
times, and often invade and spread more rapidly. Thus, the common perception is
that a "newly introduced" pest is one that has been introduced within a maximum
of about three years. If a longer period has elapsed, a manager might assume that
the pest is well established or naturalized, and not subject to eradication under the
laws authorizing APHIS activities. For many plants, however, 10 or more years
may be a relatively short introductory phase. Plant populations tend to expand less
rapidly than insects or diseases, although ecologists could certainly cite contrary
examples of rapid introduction, colonization, and expansion by plant populations,
or conversely, slow expansion following invasion by vertebrates or other non-plant
taxa.

246

  P
ub

lic
at

io
n 

D
at

e 
(W

eb
):

 S
ep

te
m

be
r 

15
, 2

01
1 

| d
oi

: 1
0.

10
21

/b
k-

20
11

-1
07

3.
ch

02
1

In Invasive Plant Management Issues and Challenges in the United States: 2011 Overview; Westbrooks, R., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 2011. 



The spread of a plant species may be viewed at a number of levels, as
influenced by the goals of the viewer (4). Farmers or local land managers are
primarily concerned with patchiness of weeds at the field or farm level, with a
view to local weed control or management. At the county to continental scale, the
focus of administrators and managers is more likely to be on invasion, quarantine,
and (if possible) eradication. The legislative mandates establishing and guiding
APHIS lead us primarily to take this view, rather than a weed management view.

Stages of Invasion. Groves (5) defined the process of invasion in three
phases:

1. Introduction - Propagules (usually seeds) arrive at a site beyond their
original geographic range and establish populations of adult plants.

2. Colonization - Plants in the founding population reproduce and increase
in number to form a self-perpetuating colony.

3. Naturalization - The species establishes new self-perpetuating
populations, undergoes widespread dispersal, and becomes incorporated
within the resident flora.

In many cases, an introduced plant is only identified as a nuisance (a weed) at
the third stage. Unfortunately, troublesome weedy species are often characterized
by particularly high initial rates of spread (6), and thus may quickly reach the
second or third stage of invasion. Early detection and reporting of such species is
critically important in developing an effective strategy for addressing them.

II. Typical Lag Phase Lengths

Many species appear to have a lag period between introduction and spread or
naturalization. For example, Pysek and Prach (7) (Table I) in the Czech Republic,
determined lag phases on the order of 40 years for ornamental jewelweed
(Impatiens glandulifera Royle) and Japanese knotweed (Polygonum cuspicum
Sieb. & Zucc.). Sakhalin knotweed (Reynoutria sachalinensis (F. Schmidt ex
Maxim.) Nakai) and giant hogweed (Heracleum mantegazzianum Sommier &
Levier), exhibited lag phases on the order of 80 years.

Kowarik (8) reconstructed invasion dynamics from historical records of
the spread of introduced ornamental perennial species (mostly woody) in the
Brandenburg area of Germany. Average time lag was 147 years between
introduction for cultivation and the initiation of spread. First occurrence of an
escaped plant was defined as the start of invasion without regard to subsequent
success or failure of the invasion. Success of an invading species was defined in
terms of naturalization.

Catclaw mimosa (Mimosa pellita Kunth ex Willd.), a small tree that is native
to Mexico and Central America was introduced to the George Brown Darwin
Botanic Garden in the Northern Territory of Australia in the late 19th century (9).
After escaping from the garden, the plant remained restricted to areas around the
city of Darwin until the 1950s (Figure 1).
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Table I. Characteristics of plant spread following introduction, relative to
growth and reproductive characteristics (7)

Species Lag Phase
(Years) Habit Reproduction

Ornamental Jewelweed 40 Annual Seed

Giant Hogweed 80 Perennial Seed & Root

Japanese Knotweed 46 Perennial Rhizome

Sakhalin Knotweed 83 Perennial Rhizome

Figure 1. Catclaw mimosa. Invasive.org Image Gallery, U-GA. URL:
http://www.invasive.org/browse/detail.cfm?imgnum=1149133

In 1952, a large infestation of the plant was discovered along the Adelaide
River, about 100 km south of Darwin. By 1975, it had spread back northward
along the river to the floodplains near the Arnhem Highway. By 1987, it formed
45,000 ha of impenetrable thickets on the vast floodplains of the Adelaide River
system. The bristly pods of the plant are buoyant and break up into single seeded
segments that are spread by water and by passing animals. Feral exotic water
buffalos (Bubalus bubalis L.) provide an ideal seedbed for the plant in this area by
continually disturbing the soils and scarifying the seeds with their hooves (10, 11).

Catclaw mimosa was also introduced into south Florida in the 1950s.
Currently, several small infestations of catclaw mimosa around Jupiter, Florida,
are being eradicated by the Florida Department of Environmental Protection. In
both cases, there is particular concern about the plant due to the stiff prickles
(5-10 mm long) it bears, and its infestation of riparian habitats, which often block
access to the water by animals and humans.
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III. Influences on Length of Lag-Phase

The above cited examples demonstrate lag phases of 40 to 147 years. So, one
question is why do these long lag phases occur?

Lag periods may be due to a variety of factors (12).

1. A stable low population may be maintained until new genotypes develop
that are able to spread rapidly.

2. A stable population may explode following an episodic event or set of
environmental conditions.

3. The population may grow more or less continuously but not be noticed
until it becomes widespread.

Ewel (13) listed possible factors accounting for the lag between introduction
and diffusion of melaleuca (Melaleuca quinquenervia (Cav.) Blake) and Brazilian
peppertree (Schinus terebinthifolius Raddi) in Florida:

1. Introduction may have occurred into less disturbed (more pristine) and
more invasion resistant ecosystems.

2. Populations may have undergone rapid but unnoticed expansion.
3. Disturbed areas may have served as staging areas from which the

invading species showered the surrounding landscape with seed.
4. Populations occupying disturbed habitats may have built up genetic

diversity, thus becoming adapted for successful invasion of surrounding
undisturbed communities.

Salisbury (14) postulated that an introduced species would have to reproduce
locally to build up an "infection pressure" before spreading widely. Baker
(15) speculated that this was at least partially due to the need to generate a
sufficient measure of genotypic variability to accommodate habitat variability.
Baker categorized "minor" weeds as those which require initial growth in a
favorable habitat to develop such variability, and "major" weeds, which he said
are pre-adapted to a wider range of habitats (general purpose genotypes) (16–18).
The "major" weeds would spread more rapidly.

Growth habit or reproduction type are not necessarily major influences on
length of lag-phase. Pysek and Prach (7), as discussed above (Table I), found both
ornamental jewelweed, an annual spread by seeds only, and Japanese knotweed, a
polycarpic perennial reproducing in Europe mainly by rhizomes, to have roughly
40-year lag phases. Sakhalin knotweed, also a polycarpic perennial reproducing in
Europemainly by rhizomes, and giant hogweed, a monocarpic perennial spreading
by both seed and rootstock, exhibited lag phases on the order of 80 years. Actual
rate of spread once exponential expansion began, was greatest for the two species
with the shorter lag phases.

Species may establish local populations but exhibit little expansion for a
considerable time, then suddenly spread (4). Under this model, populations first
expand slowly at their periphery, limited by reproductive rates and other local
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demographic factors. Lack of suitable habitat within reach of short dispersal
distance slows range expansion. The range of a species is determined by the
availability of suitable habitats and the presence of dispersal barriers. Expansion
of range may occur when new, suitable habitats are created (e.g. logging or sod
busting activities), or when a dispersal barrier is removed (e.g. a new trade route)
or a new dispersal mechanism occurs (e.g. the development of the railways).

Spread is often mediated by human agency. Forcella (6) found that species
which spread fastest in the western U.S. were those present as contaminants of
cereal and forage seed. Surprisingly, species adapted for wind dispersal did not
spread more quickly. Mack (19) linked the occupation of more than 200,000 km2

of the intermountain western North America by downy brome (Bromus tectorum
L.) within a time span of 40 years, to the arrival of the grass as a comprehensive
railway system was being completed at the end of the nineteenth century. Another
example of human-facilitated dispersal is that of Senecio squalidus in the United
Kingdom ((20, 21) both cited in (4)). The species was introduced into the Oxford
Botanic Garden in 1699. By 1799, it was noted within the city, growing on walls
and spreading relatively slowly. When it reached the local railway, rapid spread
throughout the country occurred (21), presumably as a result of airborne seeds
being caught in eddies from train cars (20). In the aforementioned Australian case
of catclaw mimosa, local road building with heavy equipment may have been such
an external dispersal mechanism (9).

An inverse relationship between rate of spread and number of introduction
foci has also been proposed (22). Increased numbers of introductions should
expose more populations to conditions or vectors that are conducive to spread.
Additionally, the rate of spread of invading populations may be a function of the
type of introduction pattern. The area of infestation will be a geometric function
of time if widely spaced foci develop, but a linear function of time if spreading
from a single site (22, 23). This is because a population made up of several
separated circles (foci) will spread faster than a single large focus of equivalent
area (22–25). Presumably, this is because more edge areas are available where
the population interacts with its surroundings.

IV. Lag-Phase: Real or Artifact?

Some researchers consider lag-phase to be an artifact of the model or the scale
used. A simple model of spread of colonizing plant populations (26) predicts that
population growth rates tend to be exponential (i.e. a constant proportional rate
of increase), while rates of spread tend to be linear. Additionally, expansion of
infestations tends to be discontinuous in both time and place. Population growth,
therefore, may occur in a discrete area, but this may not correspond directly to rate
of dispersal over a wide area. Thus, what appears to be a lag may actually conform
to a constant exponential expansion rate when viewed from another scale.

Another scale problem is the comparative length of the life cycle, which has
a bearing on our detection of a lag (27). An introduced tree with a long pre-
reproductive phase may become established after several generations, but appear
to have an unusually long adjustment period compared to an annual plant that

250

  P
ub

lic
at

io
n 

D
at

e 
(W

eb
):

 S
ep

te
m

be
r 

15
, 2

01
1 

| d
oi

: 1
0.

10
21

/b
k-

20
11

-1
07

3.
ch

02
1

In Invasive Plant Management Issues and Challenges in the United States: 2011 Overview; Westbrooks, R., et al.; 
ACS Symposium Series; American Chemical Society: Washington, DC, 2011. 



becomes established after a decade. The total number of generations to achieve
spread, however, may have been less in the case of the tree. The distinction may
direct attention to the adjustments within and among species during the time that
the potential invader was present but not expanding its population. Additionally,
immediate success as an invader may not always be a good predictor of longer
term success.

The identification of the phases of an invasion process may be difficult. Most
invasions are identified retroactively, not as they occur. Cousens and Mortimer (4)
indicated that because scientists are looking for a lag phase, they tend to find one. It
can be difficult to determine whether spread is exponential or two-phased. Either
model can be used in curve fitting to describe the same data set, as is indicated
by the two sample curves describing the same data set in Figure 2. Additionally,
data reporting patterns may also give the impression of a two-phased expansion
where exponential expansion actually may have occurred. Cousens and Mortimer
(4) cited the case of serrated tussock (Nassella trichotoma (Nees) Hack) in South
Africa. Farmers knew of the weed by 1930, but the first herbarium specimen is
dated 1952. Following a farmers meeting, there was suddenly a large number of
reported occurrences (28). Either plotting the number of reports against time, or
assuming invasion date by first herbarium specimen would be misleading. Thus,
the impression of rapid spread by a newly identifies species may not actually be
spread, but the identification of populations present but previously unnoticed.

Regardless of whether lag phase is real or a statistical or observational artifact,
the fact remains that there is often a considerable time lapse between invasion
and widespread dispersal of an alien species (Figure 2). This time lapse should
allow managers time to evaluate the invasive potential of newly detected plant
introductions before the plants become widespread, and thus while eradication is
still feasible.

Figure 2. Two possible curves fitted to a constant data set.
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V. Defining Invasion Success

Defining successful invasion may be a problem. Panetta and Randall
(29) mentioned that failure is readily demonstrated, but success may be
fleeting. As long as the number of individuals remains small, a colony is
quite vulnerable to extinction. Erlich (30), in fact, stated that ecologists can
predict that most invasions will fail, and even among invasive organisms, most
colonization attempts fail due to environmental and demographic random factors
(stochasticity). He went on to state that human disturbance is almost always
required for successful invasion. The outcome of an introduction, according to
Panetta and Randall (29) depends on the action of two groups of variables:

1. Biological and ecological characteristics that constitute the pre-
adaptation of an organism.

2. Random variables, such as the environmental and demographic factors
that impact the individual introductions.

Although immigration of alien plants accounts for many of our current weeds,
many immigrant species fail to undergo range expansion after migration to a new
region. As a case in point, Salisbury (14) indicated that of 348 alien plant species
recorded in 1919 by Hayward and Druce (31) along the River Tweed, only four
species had become established in Britain. Crawley (32) found none of the 348
species surviving near the River Tweed in the mid-1980s.

Kowarik (8) defined first occurrence of an escaped seedling (from introduced
ornamental perennials) as the start of an invasion without regard to subsequent
success or failure of the invasion. Invasion success was defined in terms
of naturalization. The successful invaders were not necessarily quicker to
start invasion. Less that 10% of the introduced species began to invade, 2%
became established, and 1% were successful in invading the native vegetation
(naturalizing). A study of invaders in the British Isles by Williamson and Brown
(34), found that of roughly 10% of invaders that become established, only 10%
become pests.

Panetta and Randall (29) listed as factors improving establishment success
in three-cornered jack (Emex australis Steinheil): seed burial, seed dormancy,
and cycling of seed amongst dormancy groups. The presence of seed dormancy
incurs costs during colonizing episodes (35), but such costs are reduced when the
probability of seed survival is improved (36). The main measure of success for
Panetta and Randall (29) was production of at least one viable seed. This can be
related to such factors as reproductive capacity, competitive ability, and seedling
mortality. Colonizing performance on a local scale is reflected in rate of spread.
Spread involves a series of colonizing events, so effective colonizers would be
expected to suffer a lower proportion of failures.

The two leading causes of failure to become established are inappropriate
climate and predation (37), although the impact of competition, disease, and other
factors are probably underestimated because they are harder to measure (33).
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VI. Predicting Invasion Success

Prediction of success following invasion is also problematical according to
Hobbs and Humphries (12). The characteristics of the individual species may be
of less importance than the interaction of invader and the target community (37).
Estimates of successful invasion (establishment), range from 10% (34, 39) to 35%
(37, 39). Of those species which become established, Williamson (38) estimated
perhaps 10% become pests, while Lodge (37) listed estimates ranging from 2% to
40% from a variety of literature. Lodge (37) postulated that these figures may be
inaccurate because studies showing no effect are not often published.

Rejmanek (40) found high degrees of correlation between mean latitudinal
range (primary range) of European Asteraceae and Poaceae species and their
mean range after introduction into North America (secondary range). Estimates
of potential ecological range using climate, however, may be faulty (4) because:

1. There is no guarantee that climate is currently the limiting factor.
2. The species may still be spreading, with current distribution reflecting

historical accident.
3. Populations in various parts of the current range may have differentiated

into ecotypes, and the absence of certain of the ecotypes in a population
may result in poor spread predictions.

4. Apparent climatic limits may relate to a particular micro-climate, which
may be related to the cultural or production system which hosts the weed.
Growing the plant in a pot under laboratory climatic conditions would not
exactly replicate such field habitat conditions, thus may fail to accurately
predict ecological range.

Forcella and Wood (41) and Forcella et al. (42) concluded that the positive
relationship between native distribution and invasive capacity arose from a greater
probability of transport to a new area for propagules of a widespread species.
Others (43, 44) feel invasiveness is more likely a factor of interaction between
biological properties of a species and of the recipient region rather than solely a
factor of the probability of introduction.

VII. Summary

In summary, it appears that the invasion process (introduction, colonization,
and naturalization) in plants occurs over what, in human terms, is an extended
period of time. Lag periods of 30 to 100 years have been noted. Invasion by
exotic plants has been characterized by some as "an explosion in slow motion."
In many cases, slow early spread is a realistic definition of the process. Does this
mean that we should wait 30 years before taking measures to control an invading
population? Not at all. In cases where detection of a problem species (taxon)
is delayed, the actual time from the original invasion may not be particularly
important. We must ask ourselves, if this species is not yet spreading rapidly, are
there characteristics suggesting it is in a lag-phase and may start to spread rapidly,
or is it unlikely to ever spread rapidly. Has this species acted as an invader in
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other localities? Are there signs that colonization or naturalization is in progress?
Even if a population is spreading slowly, there may be critical factors suggesting
that it could begin to spread rapidly at some point, and therefore, should be
eradicated while there is still a chance. Of course, the current extent of population
will also be relevant to whether eradication of an invader is practical. Factors
likely to be of more importance than the time since introduction for evaluation
of an invading population are biological and ecological characteristics such
as reproductive capacity, seed dormancy characteristics, competitive capacity,
potential ecological range, the potential threat to human activities, and/or the
likelihood (or level) of ecological damage.
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(EDRR), 39, 135, 145
additional strategies, 150
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central theme of IPANE, 146
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future perspective, 155
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154, 155f

local dissemination, 156
management strategies, 140
mile-a-minute vine in Litchfield County,
Connecticut, 153, 154f

overview, 137
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strategy, 72
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152, 153f

target species, 139
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Clearinghouse, 126
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Ecological purists, 2
EDRR. See Early Detection and Rapid
Response (EDRR)

EIS. See Environmental Impact Statements
(EIS)

Endangered species, rescuing of, 14
English ivy, 3
suburban Maryland, 4f

English Landscape Movement, 18th
century, 3

Environmental Assessments (EA), 38, 39
Environmental impact analysis process, 38
Environmental Impact Statements (EIS),
38, 39, 112

Environmental information gathering
process, 42

EPA. See U.S. Environmental Protection
Agency (EPA)

Equipment calibration, 213
EUP. See Experimental Use Permits (EUP)
European buckthorn, removal, 78f
Experimental Use Permits (EUP), 46
list of aquatic herbicides, 47t

Extractigator™, 232
EZ-Ject, 223, 223f

F

Federal Aquatic Herbicide Working group,
45, 49

Federal Interagency Committee for the
Management of Noxious and Exotic
Weeds (FICMNEW), 112, 121, 135, 145
committee responsibilities, 122
EDRR, 127
education and outreach, 126
functions, 125
guidance document, 121
leadership, 124
membership, 123
Department of Agriculture, 123
Department of Defense, 124
Department of Energy, 124
Department of the Interior, 123
Department of Transportation, 124
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objectives, 122
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Federal Noxious Weed Act (FNWA), 23,
246

Federal Noxious Weeds (FNW), 246
FICMNEW. See Federal Interagency
Committee for the Management of
Noxious and Exotic Weeds (FICMNEW)

Fixed wing aircraft sprayers, 220
Flaming, 240
Flea beetle, 113
collection, 115f

Floodjet TK VS3, 214
Floral clock, Edinburgh, Scotland, 5f
Florida Department of Environmental
Protection, 248

Flowering rush, 148
Fluridone resistant hydrilla, 48
FNAWS. See Foundation for North
American Wild Sheep (FNAWS)

FNW. See Federal Noxious Weeds (FNW)
FNWA. See Federal Noxious Weed Act
(FNWA)

Forest service
administrators, 83
assess and monitor for success, 86
clear vision, 82
common theme, 85
communication and education, 87
control and management, 90
EDRR, 89
funding flexibility and long-term
commitment, 88

guiding priniciples, 85
improving capacity, 88
incorporate scientific information, 86
land management, 83
national invasive species effort, 83
organizational foundation for, 87
partnerships and collaboration, 85
prevention, 89
prioritize, 87
priority actions associated with themes,
91

procedural streamlining and
improvement, 88

program element, 85
program performance, 89
rehabilitation and restoration, 90
role, 83
strategic approaches for addressing
invasive species, 84

Foundation for North American Wild
Sheep (FNAWS), 180

G

Gambian pouched rat, 73, 74f
Garden heliotrope, 147
Gardening
power statements, 7
priniciples, 2
public desires, 8
staples, 9
urban/suburban designs, 9

Garden staples, 9, 9f
Garlic mustard, 147
Garlon 4, 208
Geographic Information System (GIS), 196
George Brown Darwin Botanic Garden,
247

Germination, witchweed seeds, 53
Girdling tools, 235
GIS. See Geographic Information System
(GIS)

Glossy buckthorn, 147
Goatsrue Eradication Program in Cache
County, Utah, 52

GPS technology helicopter applicators, 220
Grain production threat
Africa, 54
United States, 54

Grassland communities, 98
Grazing, 242
Greater sage grouse, 111
Greater Yellowstone Area (GYA), 169
burned over area after 1988, 171f
wildfire, 170f

Greater Yellowstone Coordinating
Committee (GYWCC), 101

Grubbers, 237, 238f
Guidelines for Coordinated Management
of Noxious Weeds in the Greater
Yellowstone Area, 171

Gunnison sage grouse, 111
GYA. SeeGreater Yellowstone Area (GYA)
Gypsy moth, 19
GYWCC. See The Greater Yellowstone
Coordinating Committee (GYWCC)

H

Hand clippers, 234
Hand loppers, 234, 234f
Hand removal, invasive plants, 232f
Hand sprayers, 215, 215f
Helicopter sprayers, 220, 220f
Herbicides, 46
application, 202f
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application near waterway, 212f
aquatic, new registration model, 49
ballistic technology, 228, 228f
cut-treatments, 224
effect of wind speed on spray droplets,
212t

equipment use and care, 213
EUP labels, 47t
evolution, 46
high volume equipment, 217
kills root, 207
low volume equipment, 215
management of invasive plants, 46
management of wetland plants, 46
mixture and mix spray solutions, 210,
211f

nozzles application, 213f
personal protective equipment, 205f
pneumatic applicator equipment, 228
selection and use, 208
stem injection, 221
treatments, 207

Honeysuckle Popper™, 232
Horticultural pragmatists, 2
Horticulture
American republic, 2
function, 15
problem of landscape, 16
times gift, 16

Hot water weed control, 241
Hudson River Valley, 3
Human health and ecological risk
assessments, 39

Hurricane Hugo, 159
Hydrilla, 148
pond in mystic seaport, 148f

Hypo Hatchet, 222, 223f
Hyvar X-L, 227

I

Iceplant, 115
Impact rank (I-Rank), 29
chinese tallow, 34f
distribution and abundance, 32
ecological impact, 31
mangement difficulty, 32
protocol, 33

Individual private gardener, 2
Infested corn, 55f
Integrated Roadside Vegetation
Management (IRVM), 98

Integrated weed management plan, 179
biological control, 181

chemical control, 180
manual and mechanical control, 181
prevention and early detection, 182
public awareness and education, 180
revegetation, 181

International Plant Protection Convention
(IPPC), 21, 24, 246

Invasion process, 247
defined, 252
prediction of success, 253

Invasive alien species, permitted listing
approach, 24

Invasive Plant Atlas of New England
(IPANE), 132, 138, 143, 143f
advanced training workshops, 149
central theme, 146
early detection alerts, 156
establishment, 145
general public, 150
Report a Sighting Web page, 151f
species being tracked, 147
success, 152
survey and monitoring, 151
volunteer data collection in developing
EDRR capacity, 145

volunteer early detection network, 149
volunteers, 150f

Invasive plants
addressing differences between agencies,
42

National Fish and Wildlife Service
Refuges, 71f

National Wildlife Refuge acres infested,
70

problem on U.S. National Wildlife
Refuges, 70

types of aquatic sites, 45
Invasive Species Advisory Committee, 125
Invasive Species Assessment Protocol:
Evaluating Non-Native Plants for Their
Impact on Biodiversity, 30

Invasive species (IVS)
America, 2
budgetary expenditures, 69
challenges, 13
complexity, 4
hallmark, 8
history, 1
I-Rank of, 29, 30
literature, 13f
management projects, 72
management strategies, 19
NWRS, cost associated, 71, 72f
prevention of, 82
removal, 14, 14f
role of volunteers, 77
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side effect of mankind’s complex, 3
Invasive Species Science Branch (ISSB),
197

Invasive Species Strike Teams (ISST), 77
activities, 77t

Inverewe Garden, Scotland, 5, 5f
IPANE. See Invasive Plant Atlas of New
England (IPANE)

IPPC. See International Plant Protection
Convention (IPPC)

I-Rank. See Impact rank (I-Rank)
Ironwood tree, 190
IRVM. See Integrated Roadside Vegetation
Management (IRVM)

ISSB. See Invasive Species Science Branch
(ISSB)

ISST. See Invasive Species Strike Teams
(ISST)

IVS. See Invasive species (IVS)

J

Japanese barberry, 147
Japanese stiltgrass, 147, 148f
Jordan Valley Interagency Project in
Malheur County, Oregon, 102

K

Kudzilla, kudzu root raking machine, 239f
Kudzu, 20, 20f

L

Lag phase lengths, 247
influences, 249
real or artifact, 250, 251f

Land grant college researchers, 2
Land managers, role, 140
Landscape reflections, 7, 8f
Land-use ordinances, 12, 13f
Large fixed wing aircraft sprayers, 220,
221f

Leafy spurge, 113
infestation, 114f

LEDS. See Localized Early Detection Sites
(LEDS)

Linchpin, 48
Localized Early Detection Sites (LEDS),
151

Logan Simpson Design, Inc. (LSD), 195

Longitudinal rope-wick applicator, 216
LSD . See Logan Simpson Design, Inc.
(LSD)

M

Machetes, 222, 234, 234f
manual control, 222f

Manual control methods and tools, 232
Marking dyes, 209
Maryland Invasive Species Council, 138
MASS. SeeModular Aerial Spray Systems
(MASS)

Massachusetts Audubon Society in 2002,
152

Mattocks, 233
manual removal of kudzu crowns, 233f

McMansion landscape style, 3
Mechanical control methods and
equipment, 235
broken roots, 236f

Mechanical root raking and disking, 238
Memorandum of Understanding (MOU),
123

Middle Niobrara Weed Awareness Group,
138

Midwest Invasive Plant Network (MIPN),
132

MIPN. See Midwest Invasive Plant
Network (MIPN)

Modular Aerial Spray Systems (MASS),
220

Motorized platform survey, 57f
MOU. SeeMemorandum of Understanding
(MOU)

Mowers, 236
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Maryland, 4f

N
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National EDRR System, 145
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application, 38
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environmental impact analysis process,
38

exemptions, 38
overview, 38

National Fish and Wildlife Foundation
(NFWF), 179

National Forest System, 83
National Institute of Invasive Species
Science (NIISS), 139

National Invasive Species Council, 85,
122, 125

2001 National Invasive Species
Management Plan, 145

National Invasive Species Management
Plan of 2001, 85

National Invasive Weeds Awareness Week
(NIWAW), 125

National Key Deer Refuge, 74
National Landscape Conservation system,
110

National Pollution Discharge Elimination
System (NPDES), 48

National Wildlife Refuge System (NWRS),
69
costs associated with invasive species
management, 71, 72f

Nature as art, 6, 6f
Nature Conservancy and the National Park
Service, 30

Nature Conservancy (TNC), 29, 77
NatureServe
development, 30
implementation of assessment protocol,
33

I-Rank documentation, 31f
I-rank for chinese tallow, 34f
for native species and ecosystems, 30
parameters for assessment process, 30
protocol, 30

NEPA. See National Environmental
Protection Act (NEPA)

New England, 144
invaded region, 144
states, 144

New York State Department of
Transportation (NYSDOT), 103

New Zealand Ministry of Fisheries, 26
NFWF. See National Fish and Wildlife
Foundation (NFWF)

NIISS. See National Institute of Invasive
Species Science (NIISS)

NIWAW. See National Invasive Weeds
Awareness Week (NIWAW)

North America Weeds across Borders, 125
North American Weed Management
Association, 125

North Carolina Giant Salvinia Task Force,
138

North Carolina State University Arboretum,
159

Nozzles, 213
accessory, 213
herbicide application, 213f
low drift, 214
spray swivel, 214f
venturi, 214

NPDES. See National Pollution Discharge
Elimination System (NPDES)

NWRS. See National Wildlife Refuge
System (NWRS)

NYSDOT. SeeNew York State Department
of Transportation (NYSDOT)

O

Office of Pesticide Programs (OPP), 48
OPP. See Office of Pesticide Programs
(OPP)

Oriental bittersweet, 147, 147f
Ornamental plant species, 1
Outdated property zoning, 12, 13f

P

Palmyra Atoll, 71
eradication of rats, 73

Park County Weed and Pest Control
District (PCWP), 169, 176

Pathfinder II, 225
PCWP. See Park County Weed and Pest
Control District (PCWP)

Pennsylvania Noxious Weed Task Force,
138

Permitted listing approach, 22
for invasive alien species, 24

Personal protection equipment (PPE), 201
different invasive plant management
tasks, 205t

herbicide application, 205f
Pest risk analysis, 19
goal of, 20
overview, 21
stages of, 21

Piedras blancas
light station, 115, 116f
poppies, 117f

Plant management, natural areas
cost, 203
level of infestation, 203
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life cycle, 203
long term plan, 202
overview, 201
safety considerations, 204, 204f
selection, 202
selection of methods and tools, 202
type of labor, 203

Plant Protection Act (PPA), 246
Plant spread characteristics, 248t
Plastic films, 239
PPA. See Plant Protection Act (PPA)
PPE. See Personal protection equipment
(PPE)

Prescribed burning, 241, 242f
Prescribed grazing, 242
different herbivores, 243f

Private spaces, 7
Prohibited listing approach, 22
agricultural pests, 22

Propane burner, weed control, 240f
PTI. See Pulling Together Initiative (PTI)
Public and private sponsored plant
explorers, 2

Public spaces, 7
Pulling Together Initiative (PTI), 179
Purple loosestrife, 103, 104f
Purple loosestrife, Montezuma NWR, 76,
76f

Pyrus calleryana Decne, 9

Q

Quarantine areas, witchweed program, 63
North Carolina, 63t
based on infested farm data from
2006, 64f

number of infested farms and fields with
fewer than five points, 64t

South Carolina, 63t
based on infested farm data from
2006, 65f

R

RAPP. See Refuge Annual Performance
Planning database (RAPP)

R&D. See Research and development
(R&D) network

Record of Decision (ROD), 42
Refuge Annual Performance Planning
database (RAPP), 70

Release survey, surveys conducted in
fields, 58

Refuge System’s Threats and Conflicts
Database, 70

Research and development (R&D)
network, 49

Rhode Island, 144
Ringer, girdling thin barked invasive trees,
235f

Roadsides
crownvetch, 96f
early horse-drawn sickle mowers, 95f
ever-changing landscape, 94
mowing in New York State, 95f
native grass evaluation pilot program,
99f

public expectations, 94
vegetation management, 94

Roadsides – Our Nation’s Front Yards, 94
Roadside sprayers, 219, 219f
Roadside vegetation management
constraints, 100
ever-changing landscape, 94
new approaches, 96
restoration, 98
weed prevention, 96

Rocky Mountain Arsenal, removal of
houndstongue, 73f

ROD. See Record of Decision (ROD)
Root Talon™, 232
RTV mounted sprayers, 217, 217f

S

SABCC. See Southern Arizona Buffelgrass
Coordination Center (SABCC)

Saguaro cactus, 190
Salmon Pass, Idaho, 99
road cut, 100f

Saltcedar, Muleshoe NWR, 75
treatment, 76f

Sawtooth oak, 11, 12f
SCA. See Student Conservation
Association (SCA)

SCUTE. See South Carolina United Turtle
Enthusiasts (SCUTE)

Shoshone National Forest (USFS), 175,
176

Shoshone River, 175
Silvio O. Conte National Wildlife Refuge,
152f

Soil solarization, 239
Soil spots, 227
treatment, 227f

Sonoran Desert ecosystem, 189
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South Carolina Beach Vitex Task Force,
161
control and restoration, 164
data archiving, 163
early detection and reporting, 163
eradication and restoration
demonstration, 165

establishment and organization, 163
funding, 164
information and public outreach, 163
interagency coordination, 163
regulatory framework, 164

South Carolina Kudzu Coalition, 138
South Carolina United Turtle Enthusiasts
(SCUTE), 160

South Dakota Weed Control Association,
138

Southeast Exotic Pest Plant Council, 138
Southern Arizona Buffelgrass Coordination
Center (SABCC), 189, 192
current projects, 195
logo, 192f
mapping team, 196
partners, 195t
strategic plan, 193

Southfork steering committee, 176
Southfork weed management area
1993 goals and management plan, 183
activities, 177
background information, 185
CWMA, 176
financial support, 178
formation, 176
goals, 185
location, 176f
partners, 182
planned activities, 186
support, 179
WMA coordinator, hiring, 178

Spaced injection, 222
Special tree injectors, 222
Spray drift, 212
Sprayer preparation, 213
Spread, 248
Steam, 241
Stem injection, 221
Sticker spreaders, 210
Streamline basal sprays, 226
Student Conservation Association (SCA),
180

Surfactants, 210
Surveys, witchweed, 56, 57f
North Carolina and South Carolina in
2009, 58t

T

Thermal weed control, 240
THINVERT Application System, 227, 227f
TNC. See The Nature Conservancy (TNC)
Top 4 Threats Campaign, 83
Tractor mounted sprayers, 218, 218f
Traditional gardens, 5
Transline, 208
Transverse rope-wick applicator, 216
Tuberculosis bacterium, 74
Tucson Buffelgrass Risk Assessment
Project, 195

20-20 Tunnel vision, 4
Turf sprayers, 219

U

Uninfested corn, 55f
University of Florida, 48
University of Hawaii, 228
University of Wyoming Cooperative
Extension Service (UWCES), 176

U.S. Army Corps of Engineers, 48, 161
U.S. Beach Vitex Symposium, 161
USDA. SeeU.S. Department of Agriculture
(USDA)

USDA Agriculture Research Service, 3
U.S. Department of Agriculture (USDA),
48

U.S. Environmental Protection Agency
(EPA), 45, 46

U.S. Fish and Wildlife Service (USFWS),
69

USFWS. See U.S. Fish and Wildlife
Service (USFWS)

U.S. Geological Survey (USGS), 145, 146f,
161

USGS. See U.S. Geological Survey
(USGS)

U.S. Presidential Executive Order 13112,
122

Utility skid/trailer sprayers, 218, 219f
UWCES. See University of Wyoming
Cooperative Extension Service
(UWCES)

V

Vanquish, 208
Vegetable oils, 210
Venturi nozzles, 214
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VIP. See Volunteer and Invasives Program
(VIP)

Virginia Department of Agriculture and
Consumer Services, 167

Volunteer and Invasives Program (VIP), 77
Volunteer training
IPANE partners, 149
overview, 149

W

Water chestnut, 147
Water conditioners, 210
Water level manipulation, 242
Water resources, United States, 45
Wayward landscape architects, 2
WDA. See Wyoming Department of
Agriculture (WDA)

Weed control, 42
Weed management areas, 102
Fond du Lac Band of Lake Superior
Chippewa, 107, 107f

Georgia Cogongrass Cooperative, 106,
106f

Weed prevention, 96
Weed Risk Assessment (WRA), 23
Weed Science Society of America, 48
Weeds Cross Borders Project, 105
icon and partners, 105f

Weed wick applicators, 216
handheld, 216f

Weed Wrench™, 232
pulling invasive plants, 233f

Western civilization, 2
Western Weed Coordinating Committee,
112

West Virginia Invasive Species Working
Group, 138

Wetblade applicators, 218
WGF. See Wyoming Game and Fish
(WGF)

Williamson Invasive Alien Species (IAS)
Rule of Tens, 20, 21f

Windsor Castle, England, 7f
Wine raspberry, 147

Winged euonymus, 147
Witchweed
biology and life cycle, 53
chemical treatment acreage by state and
crop in 2009, 62t

chemical treatment acreage by treatment
type in 2009, 60t

control methods, 59
current status of program, 66
eradication methodology, 56
future outlook for, 66
parasitizing corn, 52f
potential ecological range, 55f
program bounty system, 58
program point system, 61
quarantine areas, 63
North Carolina, 63t
North Carolina based on infested farm
data from 2006, 64f

number of infested farms and fields
with fewer than five points, 64t

South Carolina, 63t
South Carolina based on infested farm
data from 2006, 65f

regulation, 62
seeds, 53, 53f, 54f
surveys, 56, 57f
North Carolina and South Carolina in
2009, 58t

treatments, 59
trend infested acreage from 2003 through
2009, 67f

Witchweed Eradication Program, 51
lessons learned, 52
North and South Carolina, 52

Wollemi pine, 15
WRA. SeeWeed Risk Assessment (WRA)
Wyoming Department of Agriculture
(WDA), 176

Wyoming Game and Fish (WGF), 176

Y

Yellow palo verde tree, 190
Yellowstone National Park, 101
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