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INVASIVE SPECIES MANAGEMENT:
ARE WE DOING ENOUGH?

nspiration for this special issue of Park Science came from discussions among participants in a workshop to
Idevelop guidelines for inventory and monitoring of invasive plants held in Ft. Collins, Colorado, in June

2002. As Lloyd Loope states in the cover article, “Given the seeds of catastrophic loss already planted and
those yet to come, invasive species pose a highly significant threat to the biodiversity of the U.S. National Park
System in the early decades of the 21st century” The purpose of this issue is to communicate the breadth and
depth of the invasive species issue, to document impacts, and to report what has and is being done by the
National Park Service and its partners to control this “biological wildfire.” This edition also serves as a spring-
board to discuss the role of the National Park Service in this global issue and to plot a course of action for the
future. All articles were solicited to assure that a cross-section of invasive taxa was addressed and that impacts to
terrestrial, aquatic, and marine systems were considered.

The cover article by Loope, the “biological wildfire” piece by Tom Stohlgren, and the books reviewed by
Pamela Benjamin and Neil Cobb document increasing biological invasions resulting from a breakdown of natu-
ral geographical barriers in an age of globalization. They sound the clarion for coordinated efforts in research,
education, prevention, control, and restoration that must be components of any action plan to preserve the bio-
diversity in the National Park System. The NPS Organic Act implies that a key mission of the Service is to protect
biodiversity. As Pam Benjamin and I state in our article, we need to place more effort on assessing the distribu-
tion, abundance, and impacts of invasive species in the national parks. More importantly, in my opinion, we
need to identify those areas of high ecological value that are relatively free of exotic invasives, and make heroic
efforts to keep them that way.

Recognition of invasive species as a problem in the National Park System is far from new as Linda Drees, my
coeditor for this issue, points out. George Wright noted the negative impacts of nonnative species in the 1930s.
Policy against introductions of exotics and control of existing exotics in natural zones dates back to the 1960s.
The documentation of resource impacts of feral pigs and brook trout in the Great Smoky Mountains and burros
in the Grand Canyon were some of my first exposure to the invasive species issue. Articles in this special issue
exemplify the disruption of soils, forests, and wildlife caused by invasive species, and their deleterious effects on
marine, aquatic, and terrestrial systems. Kathryn McEachern illustrates the amplitude of impacts of introduced
exotics on entire ecosystems. Kyle Merriam and his coauthors investigate how fire management may catalyze
exotic plant invasions in some ecosystems.

We certainly have big problems, but we also have some success stories to share. An ambitious program to pre-
vent zebra mussels from migrating into the upper reaches of the St. Croix River has helped preserve the 40 or
more species of freshwater mussels in that system. The African oryx has been removed from White Sands
National Monument. Leafy spurge is under control as a result of an integrated control program in the Little
Missouri River watershed, including Theodore Roosevelt National Park. The National Park Service now has an
invasive species coordinator and targeted funding for invasive species management. Exotic Plant Management
Teams have treated more than 73,000 infested acres in and around parks.

Are we doing enough? Linda Drees, NPS invasive species coordinator, states that “management of invasive
species is in our grasp.” I appreciate her optimism, as optimism, good science, adequate funding, and hard work
will help us manage invasive species. But we must do more. Battling the likely largest threat to the biodiversity of
the National Park System is not a collateral duty.

Ron Hiebert
National Park Service, research coordinator, Colorado Plateau CESU, Flagstaff, Arizona

Editor’s Note: Park Science accepts proposals for the development of thematic issues, like this one, to be coordinated by a guest
editor. Contact editor Jeff Selleck for further information.
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o TEAM Leafy Spurge and

Theodore Roosevelt National Park:
A PARTNERSHIP FOR THE MANAGEMENT AND CONTROL OF LEAFY SPURGE

ment (IPM) research and demonstration project, is

based on the premise that IPM provides the flexi-
bility needed to control agricultural plant and insect pests
across broad regions. To demonstrate the effectiveness of
the IPM approach for controlling the noxious weed leafy
spurge (Euphorbia esula L.) over a wide and varied
expanse, TEAM Leafy Spurge chose the Little Missouri
River drainage, which spans portions of North Dakota,
South Dakota, Montana, and Wyoming, as its primary
study area because of its complex variety of ecological
conditions, all impacted by this invasive plant species
(fig. 1). Fortunately, Theodore Roosevelt National Park
(North Dakota) occurs within the TEAM Leafy Spurge
study area.

TEAM Leafy Spurge, an integrated pest manage-

Figure 1. About 120 miles (193 km) from Theodore Roosevelt
National Park, this landscape in the Missouri River drainage is
colored by the yellow bracts of the invasive alien, leafy spurge.
The plant displaces native vegetation in prairie habitats.
AGRICULTURAL RESEARCH SERVICE

TEAM Leafy Spurge is cochaired and overseen by
the USDA Agricultural Research Service in coopera-
tion with the USDA Animal and Plant Health
Inspection Service. Together these federal partners
make a powerful team to address the leafy spurge prob-
lem on a multistate basis. Additional federal bureaus par-
ticipating in the project are the Bureau of Land
Management, USDA Forest Service, National Park
Service, Bureau of Indian Affairs, Bureau of Reclamation,
and U.S. Geological Survey. State partners are state
departments of agriculture and other agencies, coopera-

-

Figure 2. Aphthona lacertosa,
flea beetles used in TEAM
Leafy Spurge’s integrated pest
management project, gobble
up leafy spurge. Over 15
years, more than 18 million of
the beetles have been
released within Theodore
Roosevelt National Park.
AGRICULTURAL RESEARCH SERVICE

tive extension services, land grant universities, and coun-
ty weed managers; private-sector representatives include
landowners and ranchers. \

Oper its six-year life, the project’s collaborative empha-
sis has enabled participants to share resources and
expertise, aptly demonstrating how partnerships and
teamwork can be used to implement IPM strategies and
achieve successful leafy spurge control over broad
regions. In particular, the effort has helped demonstrate
how Aphthona spp. flea beetles can be affordable and sus-
tainable biocontrol agents of leafy spurge in much of the
study area (fig. 2), with further containment accom-
plished through judicious herbicide applications and
multispecies grazing.

An instrumental partner in the project was Theodore
Roosevelt National Park, a park with
serious leafy spurge problems. Over
the past 15 years the park has released
more than 18 million Aphthona flea
beetles at 3,534 sites for leafy spurge
control. In addition, the park is a
strong advocate for the judicious use of
herbicides, applied from sprayers
attached to backpacks, all-terrain vehi-
cles, and trucks. Helicopter spraying is
also conducted in remote backcountry
areas. The park has also held numer-
ous field days involving the collection
and redistribution of Aphthona flea
beetles for local farmers and ranchers.
This has resulted in a win-win situation
for the National Park Service and local
communities.

Leafy spurge is a formidable oppo-
nent that cannot be controlled or elim-
inated by any single entity or manage-
ment practice. Rather, a collaborative,
integrated, and regional approach is
essential to solving this costly problem. Projects such as
the one being conducted at Theodore Roosevelt National
Park are using scientifically valid, ecologically based IPM
strategies that can achieve effective, affordable, and sus-
tainable leafy spurge control.

C. W. Prosser, ecologist, Theodore Roosevelt National Park, Medora,
North Dakota, chad_prosser@nps.gov.
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REMOVED

African
oryx

(Oryx

gemsbok)
were released
near White Sands
National Monument
on the U.S. Army—White
Sands Missile Range by the
New Mexico Department of
Game anc_ifFish in the 1960s.
The purpose was to establish a
population for public hunting on mil-
Eﬁm Oryx proved more success-

I v Mexico than expected. The

inal herd of approximately 100 ani-
als increased to more than 4,000 in
southern New i pite an active
such as not
water, fecundity (i.e.,

s becoming pregnant soon after

calving every nine months), and inef-

. fective predation contributed to the
success of the species. 1!

The National Park Service (NPS) completed a 67-mile
boundary fence in 1996 to exclude oryx from White Sands
National Monument. However, animals contained within
the fence increased in population, with concomitant
impacts by the 450-pound animals to soil and vegetation.
At the time the population was increasing at a rate of 20 to
30% per year; if left uncontrolled the situation would have
caused severe resource degradation. Removing the oryx
from NPS land was complicated by the lack of roads in the
144,000-acre (58,320-ha) monument and the oryx’s habit
of disbursing widely over the desert.

A draft environmental assessment was prepared in 1998,
presenting the preferred alternative of NPS staff shooting
the estimated 140 to 190 animals. Thereafter, a critical
news article resulted in an organized letter-writing cam-
paign with 161 respondents from coast to coast objecting
to the proposed management action.

As aresult of public input, oryx
removal plans shifted to more
expensive and dangerous non-
lethal management methods.
These included the use of helicop-
ters and all-terrain vehicles for
herding oryx to openings in the
fence, and also shooting them
with anesthesia-filled darts fol-
lowed by loading the drugged ani-
mals in a sling attached to a heli-
copter for transport out of the
monument. Park staff and part-
ners tried constructing one-way
gates in the boundary fence that
would allow the animals to leave the monument, but the
attempt was not successful. Contraceptive drug darting to
prevent further expansion of the population was not con-
sidered feasible.

Several partners assisted monument staff in carrying out
the helicopter sling-loading operation over several years.
They included the NPS Biological Resource Management
Division, Carlsbad Caverns and Mesa Verde National
Parks, New Mexico Department of Game and Fish, U.S.
Army—White Sands Missile Range, and the U.S. Fish and
Wildlife Service. Funding for the operation came from the
Natural Resource Preservation Program and the
Recreational Fee Demonstration Program.

The initial herding and sling-loading operation was
effective, resulting in the removal by nonlethal means of
174 oryx from White Sand National Monument from
1999 to 2001. Nevertheless, helicopter search time to
locate oryx increased greatly as the animals became
scarcer, and the cost per animal escalated. Subsequently,
the National Park Service publicly released an environ-
mental assessment in November 2001 recommending
complete removal of the relatively few remaining oryx by
lethal means, with support of the New Mexico
Department of Game and Fish. The monument received
39 letters supporting the project and 9 that either opposed
it or confused it with other management issues, and the
National Park Service signed a “Finding of No Significant
Impact” to begin the final phase of control.

The project was well covered by regional media, as well
as the Wall Street Journal and High Country News.
Twenty-five animals have been shot to date and no fresh
sign has been detected, suggesting that oryx no longer
roam within the fenced portion of White Sands National
Monument. Long-term, annual maintenance by tracking
and shooting (if any oryx are detected) is planned, as is
maintaining the 67-mile fence indefinitely.

Bill Conrod, biologist, White Sands National Monument, New Mexico;
bill_conrod@nps.gov. %
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THE COSTS OF.INVASION

Wilcove, D. S., D. Rothstein, J. Dubow, A. Phillips, and E. Losos. 1998.
Quantifying threats to imperiled species in the United States.
BioScience 48(8):607—-615.

TRADE POLICY AND
PREVENTION OF NONNATIVE
SPECIES INVASIONS

Resource managers face the difficult task of picking and
choosing which ecological problems, among many, they
can actively address. In a crisis-laden field, how can we
prioritize resource needs? Where do invasive species rate
among the myriad threats facing the National Park
System? Two frequently cited articles provide justification
for moving invasive species management near the top of
the list. A 1998 study of threatened and endangered
species in the United States found that alien species are
second only to habitat destruction and degradation as a
threat to imperiled species (Wilcove et al. 1998). The
authors quantify threats to imperiled species in the United
States. In summation, exotics affected 57% of plant
species and 39% of animal species analyzed overall, and
the figures jump to nearly 100% when considering only
Hawaiian species. Investigators also found that invasive
species affect aquatic systems in the West in particular.

In addition, Pimental and others (2000) tally the eco-
nomic costs of biotic invasions at approximately $137 bil-
lion annually in the United States alone. In the article
“Environmental and Economic Costs of Nonindigenous
Species in the United States,” the authors combine the
losses and damages caused by alien invasive species with
the costs of control for exotic plants, vertebrates, inverte-
brates, and microbes to obtain a rough estimate of the
total cost. Often no data concerning the costs of an inva-
sion were available; therefore, the true cost of invasive
species almost certainly is underestimated in this study.
However, information from these two studies shows that
allocating funds to invasive species management projects
has both high economic and ecological value. —R. Harms,
graduate student, College of Environmental Science and Education, Northern
Arizona University, Flagstaff.

References

Pimental, D., L. Lach, R. Zuniga, and D. Morrison. 2000. Environmental and
economic costs of nonindigenous species in the United States.
BioScience 50(1):53-65.

Approximately half of the invertebrate and disease pests
imported into the United States come in on live plants;
most of the other half of pests comes in on raw wood and
wood packaging. Quantities of these items are increasing
with increasing trade. Horticultural imports are not only
risky because of the small (1-2%) but highly significant
numbers of invasive exotics that escape, but also because
of the hitchhikers on these imports. Because biological
invasions are rarely reversible, prevention seems desirable.
However, the current process in the United States and
most other countries is to try to balance native biodiversi-
ty protection and trade promotion. The rules established
by the United States and its trading partners are based on
the premise that phytosanitary regulations should not be
more restrictive than necessary to achieve a country’s cho-
sen level of protection. Furthermore, the World Trade
Organization regards phytosanitary measures as a poten-
tially unjustified barrier to free trade. Therefore, the bur-
den of proof is placed on advocates for the prevention of
exotic species invasions and the protection of native bio-
diversity.

Recent articles detailing the major pathways of pests
entering the United States may be useful for resource
managers in achieving a broad understanding of inva-
sions and options for improvement in U.S. strategy, poli-
cy, and techniques for prevention. Campbell (2001)
examines U.S. and international policies governing the
structure and implementation of invasive species preven-
tion programs, and recommends approaches for address-
ing the huge consequent problems that arise for protec-
tion of biodiversity. Campbell and Schlarbaum (2002)
provide much detail on the biological outcome of priori-
tizing trade above protection—which results in forests,
especially those of eastern United States, dying because
of introductions of damaging foreign pests and diseases.
Campbell and Kriesch (2003) review and outline path-
ways for invasive species into the United States. —L. Loope,

Haleakala Field Station, USGS, Pacific Island Ecosystems Research Center,
Maui.

References

Campbell, F. C. 2001. The science of risk assessment for phytosanitary
regulation and the impact of changing trade regulations. BioScience
51(2):148-153.

Campbell, F,, and P. Kriesch. 2003. Invasive Species Pathways Team. Final
report. Available at www.invasivespecies.gov/council/pathways.doc
(accessed 1 June 2004).
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Campbell, F. C., and S. E. Schlarbaum. 2002. Fading forests II: trading
away North America’s natural heritage. Healing Stones Foundation,
Smithville, Tennessee; American Lands Alliance, Washington, D.C.; and
the University of Tennessee, Knoxville. Available at http://www.ameri-
canlands.org/new_page_21.htm (accessed 1 March 2004).

BEFORE AND AFTER ERADICATION:
CONSIDERING THE ECOSYSTEM EFFECTS
OF INVASIVE SPECIES

Most land managers in the National Park Service view
the removal of invasive exotic species from natural land-
scapes as a top priority. However, as invasive species
become pervasive elements of the communities they
invade, their relationships and interactions with native
species become established and complex. In the article
“Viewing Invasive Species Removal in a Whole-
Ecosystem Context,” the authors urge a careful analysis of
invaded systems before removing a species.

Eradication projects can have unintended conse-
quences on native systems. For instance, the removal of
feral herbivores at Santa Cruz
Island (Channel Islands
National Park, California) led
to an increase in fennel
(Foeniculum vulgare), starthis-
tle (Centaurea solstitialis), and
other introduced herbs (see
note following). Likewise,
removing exotic prey can cause exotic predators to switch
to native prey for food, as happened in New Zealand
when exotic stoats (ermine [Mustela erminea]) increased
predation on native birds and mammals after rats and
possums were removed from forests. Native species also
can come to rely on exotic species; for example, endan-
gered Southwest willow flycatchers (Empidonax traillii
extimus) often nest in thickets of invasive, nonnative
tamarisk (Tamarix spp.).

To avoid unanticipated, “surprise” outcomes, the
authors suggest that assessment precede eradication.
Specifically, food-web interactions among exotics and
between exotics and natives should be investigated, and
functional roles of invasive species should be identified.
In addition, post-eradication monitoring should be
included in a program to determine the effects of man-
agement actions on both the targeted species and the
affected ecosystem. By incorporating these processes into
management plans before and after eradication, an
informed framework can guide invasive species manage-
ment and ecosystem restoration. —R. Harms, J. Selleck, and K.
Faulkner (Channel Islands National Park)

Eradication projects
can have unintended
consequences on
native systems.

Reference

Zavaleta, E., R. Hobbs, and H. Mooney. 2001. Viewing invasive species
removal in a whole-ecosystem context. Trends in Ecology and Evolution
16(8):454—-459.

Editor’s note: As the authors note, the removal of sheep and cattle from
Santa Cruz Island led to the recovery of native Bishop pine (Pinus murica-
ta), but also to an apparent increase in the distribution and abundance of
other rare plant species. (Klinger, R. C., et al. 1994. Vegetation response to
the removal of feral sheep from Santa Cruz Island. Pages 341-350 in

W. L. Halvorson and G. J. Maender, editors. The Fourth California Islands
Symposium: Update on the Status of Resources. Santa Barbara Museum
of Natural History, California.)

THEORY GUIDES RAPID RESPONSE
TO PLANT INVASIONS

A plant community
becomes more susceptible
to invasion whenever an
increase in the amount of

unused resources occurs.

Land managers have long realized that exotic species
do not invade plant communities equally. Many theories
have been advanced to explain these differences, but
studies to investigate these theories often produce con-
flicting or ambiguous results. However, Davis and others
(2000) have developed a new theory from empirical stud-
ies and long-term vege-
tation monitoring that is
simple yet captivating: a
plant community
becomes more suscepti-
ble to invasion whenev-
er an increase in the
amount of unused
resources occurs. This
increase may come about through a reduction in resident
vegetation (e.g., from heavy grazing, a disease outbreak,
or intense flooding) or through an increase in the
resource supply (e.g., during a particularly wet year or as
a consequence of eutrophication). A community’s sus-
ceptibility to invasion, therefore, varies over time. These
pulses of resource availability also must coincide with the
presence of invasive propagules such as seeds and spores,
leading to the episodic establishment of invasive species.

This theory has important implications for resource
managers, in particular the required response to new
invasions. In short, environments that are naturally sub-
ject to frequent fluctuations in resource availability will
be invaded most often and should be a priority for moni-
toring and potential mitigation. Areas that experience a
known disturbance or influx of resources also should be
investigated. —R. Harms

Reference

Davis, M. A., J. P. Grime, and K. Thompson. 2000. Fluctuating resources in
plant communities: a general theory of invasibility. Journal of Ecology
88:528-534.
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EXOTIC PLANTS
AND RESTORATION

A WEB SITE FOR TEACHERS

The differing impacts of exotics can be confusing
because exotic species pose both problems and solutions.
For example, exotic species can colonize disturbed lands
and alter sites targeted for restoration. On the other hand,
exotic species can catalyze the restoration process and be
used to reestablish site functions if native species are not
available or cannot tolerate current conditions. Because
of this ambiguity, researchers and practitioners should
look to both the scientific literature and previous restora-
tion projects when determining the best approach for
restoring a particular site.

Before beginning a restoration project, managers
should identify likely plant invaders and devise strategies
to minimize their impacts. The method of removing
exotics also should be considered carefully because sensi-
tive species may affect what managers can and cannot do
at a site. In addition, some sites will require continuous
maintenance, so long-term management costs should be
evaluated. Moreover, various exotic species continue to
affect sites after their removal; the reversibility of these
conditions and the impacts on restoration warrant further
study. In some cases, intermediate plantings of species
assemblages may be needed to move the site toward con-

ditions that support the

Web sites about invasive species abound on the
Internet. Teachers will welcome one of them,
http://www.nps.gov/invspcurr/alienhome.htm, that pres-
ents engaging units on the theme of invasive species for
middle school classes. “Aliens in Your Neighborhood”
was developed as an enhancement to required curricu-
lum about the life sciences, especially plant science.
Activities provide opportunities for students to practice
math, writing, mapping, photography, and collecting and
preserving plant specimens. These lessons lead students
to see more closely what’s going on in their immediate
environment. For example, with woolly socks worn over
their shoes, they take a walk at the edge of a forest or
field. Then they examine the seeds stuck to the socks and
understand how easily seeds are dispersed. Students
plant a small piece of their sock in soil and watch what
grows. This leads to investigation in many directions,
such as how to identify the seedlings, how well the native
species are competing with the exotics, how to reduce
dispersal, and so on.

The project is sponsored by the National Park Service,
funded by the Parks as Classrooms program, with addi-
tional support from the Cooperative Ecosystem Studies
Unit of the University of Idaho; Washington Department
of Fish and Wildlife NatureMapping Program; XID™

Managers must be desired flora. These inter-
mediate assemblages may
need to include certain

exotic species if native

Services, Inc.; and CyberTracker World GIS Mapping
Technologies. The author is Mark Goddard of the Nye
Beach Montessori School in Newport, Oregon. Because
the natural resource managers understand that invasive

broad-thinking about
exotic plants as both
friend and foe.

species cannot survive the
current conditions at the
restoration site. These exotics should be selected with an
emphasis on their inability to persist in the system after
they have served their primary function in the restoration
process. Projects also should include long-term monitor-
ing to determine whether management goals are being
achieved.

Managers must be broad-thinking about exotic plants
as both friend and foe. Nevertheless, when considering
possible responses to their planned activities, resource
managers must be prepared to react quickly to surprises
from ambiguous exotic plants. —R. Harms

Reference
D’Antonio, C., and L. A. Meyerson. 2002. Exotic plant species as problems

and solutions in ecological restoration: a synthesis. Restoration Ecology
10(4):703-713.

species are everywhere, they look to citizen scientists to
help in containing the invaders. The lessons in these units
are the foundation of the education of enlightened citizen
scientists and, very likely, of some future professional sci-
entists. —B. Blumberg

WHAT’S THE BIG DEAL ABOUT
EARTHWORMS?

We assume that earthworms are good for our gardens
and soil. But consider the natural ecosystems in the
National Park System, for example national parks in the
upper Midwest. Recently researchers have reported in
various articles that invasive, exotic earthworms from
Europe and Asia (e.g., Lumbricus rubellus) can have a
deleterious impact on the forest floors of northern tem-
perate forests.

The most dramatic effect of earthworm invasion is the
loss of the forest floor at previously undisturbed sites.

See “Information Crossfile” in right column on page 31
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NATURE
%! PLACE:

By Jason Van Driesche and Roy Van Driesche

A Book Review by Pamela K. Benjamin

ature Out of Place carries an unwavering

message throughout: invasive species man-

agement has been, and for the most part

remains, essentially reactive. However, the

son and father team of Jason and Roy Van

Driesche avoid the typical “doomed” vision of invasive
species management. Instead the authors lead the reader
progressively away from the most extreme problems
toward public involvement
and hopeful solutions. This
Nature Out of Place well-written book distinctly
serves as an excellent, and clearly identifies the eco-
) logical, cultural, and political
nontechnical reference, complexities of the invasive
providing a wealth of species issue. Geared toward COPYRIGHT ISLAND PRESS
a general audience, Nature

information related to

Out of Place serves as an The book is
the history, ecology, and excellent, nontechnical refer- separated into three parts. Part
urgency needed in ence, providing a wealth of one focuses on the scope and history of the inva-
. . . information related to the his- sive species issue. Part two examines the ecological con-
addressing biological tory, ecology, and urgency sequences of and the human responses to nonnative inva-
invasions. needed in addressing biologi- sions. Part three shifts the focus to public awareness and
cal invasions. suggestions for what everyday people can do about bio-
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logical invasions. Each part of the book provides specific
case studies (written in first person) followed by back-
ground essay-style chapters designed to provide the read-
er with more depth and knowledge of issues raised in the
case studies. Jason Van Driesche, a graduate student at
the University of Wisconsin, takes the readers on a per-

The authors provide an
insightful overview of the
dramatic transformations

that human culture and

commerce (transportation
technology) have brought

sonal journey to the “front
lines,” providing firsthand
interviews with field scien-
tists and land managers. Roy
Van Driesche, a University of
Massachusetts professor and
biological control

researcher, provides the sci-
entific background.

Chapter one begins with a
case study of feral pigs and
the conversion and loss of
native forests in Hawaii. The
authors deliver a superb overview of this issue and elo-
quently lead the reader through the mire of direct and
indirect impacts created by this species, including facili-
tating the establishment of additional nonnative species.
This chapter highlights the complexity of dilemmas faced
by land managers in battling biological invasions, but the
authors do not stop here. Additional chapters detail zebra
mussel invasion in the Ohio River basin, decades of leafy
spurge presence on the northern Great Plains, woolly
adelgid invasion and the loss of eastern hemlock forest,
the devastation of beech bark disease, the dramatic loss
of the American chestnut, the current threat of the Asian
longhorned beetle, and the impacts of sheep on Santa
Cruz Island at Channel Islands National Park.

How did these biological invasions happen and why do
they remain such a worldwide threat? The authors pro-
vide an insightful overview of the dramatic transforma-
tions that human culture and commerce (transportation
technology) have brought to native habitats throughout
the world, starting with foot travel, to the age of the sail,
to development of mechanized travel, and ending with
the “homogenizing of the planet” in the modern age of
globalization. This unique and objective summary cannot
help but leave the reader contemplating the realities of
globalization and the fact that “For the first time in histo-
ry, it is laws and good judgment—not cargo space or
speed—that [will] serve as constraints on species translo-
cations.”

The middle section of the book (chapters 4-11)
explores the larger themes that frame the issues identified
within the case studies: What are the characteristics of
effective invaders? What makes native ecosystems vulner-
able to invasion? What are the ecological consequences of
invasive species? How have we responded as a society to
the threats presented by biological invasions? This section

to native habitats
throughout the world....
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of the book provides the reader with a good (although at
times over-generalized), nontechnical synopsis of many
complex ecological issues. Despite some ecological short-
comings (and a bias for the use of biological control), the
authors do an exemplary job of introducing the reader to
the “bigger picture” concepts: (1) thinking about ecosys-
tem degradation and biological invasions holistically (the
presence of invasive species is as often symptomatic as it
is a direct cause), (2) thinking about risk in a biological
(not just an economical) context, (3) identifying active
prevention measures to limit the unintentional movement
of invasive species, and (4) developing a stronger legal
framework and policies for prevention. The take-home
message for this section of the book is extremely impor-
tant and indisputable—“More effective prevention meth-
ods have to become an integral part of how society works
while there are still invasions to prevent.”

The final section of the book brings the issue of biolog-
ical invasions home to the reader and is entitled “Going
local in the global age.” Whether forming or participating
in invasive species action committees, restoring “nature”
in an urban environment, or simply landscaping our
homes with native plants, the authors remind us that
there is hope and that we (the public), through our
actions and our informed judgments, are the solution to
the issue of biological invasions.

This book is a “must read” for anyone involved with the
management, protection, or interpretation of natural
lands! Nature Out of Place is an effective tool for increas-
ing public understanding and awareness of the invasive
species problem.

Pamela K. Benjamin is a vegetation ecologist for the NPS Intermountain
Regional Office; P.O. Box 25287; Denver, CO 80228. Her e-mail address is
pamela_benjamin@nps.gov.

Nature Out of Place:

Biological Invasions in the Global Age

Copyright 2000
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species and spends a good portion of the book to dis-
cussing ways we can slow down the spread of invasives

and mitigate the impacts from species that are a permanent
TS and part of our landscapes. I say abbreviated because one

could write volumes about all the documented cases of
R UER V I NES invasives that have impacted different regions of the globe.

I enjoyed the way the book moves from descriptions of
The GI’OWil’lg Threat of SpCCiCS Invasion Personal experiences to the larger context of the particu-
lar topic, with enough facts to educate readers but not
overwhelm them. With each chapter there is a nice tran-
sition from the narratives to provisions of concise lists of
facts about ecology, economics, and
social dimensions.

the second half is devoted to a search for solutions. Baskin
A 1 l / A G ] I 1 !: provides an abbreviated list of examples of introduced

By Yvonne Baskin

A book review by Neil

elcome to the

Monogocene, a

new geologic epoch

characterized by

“sameness or
monotony,” whereby the distribution of
biota are determined by the activities of
humans via invasive species. The Mono-
gocene is a facetious term suggested by
Gordian Orians, which underscores the
central role of human activity in determin-
ing global biodiversity. Specifically, our
direct or indirect involvement in the spread
of species throughout the globe has resulted
in a large number of invasive exotics that
will eventually determine biodiversity pat-
terns on Earth. Baskin’s book warns us
against the Monogence by making the case
against invasives. She also makes the more
important case for reasonable solutions to pro-
tect native plants and animals.

Baskin states clearly that this book is intended
to reach beyond scientists. It is partly an exten-
sion of the Global Invasive Species Programme
(GISP), a partnership network of scientists and
technical experts on invasive alien species. Hal
Mooney, chairperson of the GISP executive com-
mittee and professor of environmental biology at
Stanford University, wanted to publish a book that
would reach a larger audience than the scientific
community that launched GISP. This book is intend-
ed for the public and should be part of the library of
anyone who is interested in invasive species.
The book is divided roughly into two halves; the

first half provides descriptions of the inadvertent and
purposeful introduction of species by humankind while COPYRIGHT SHEARWATER BOOKS
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Stories of personal travels around the globe provided nice
intervening vignettes. I took pleasure in her novel-like
descriptions of encounters with invasive species; I felt like
I was reading Jurassic Park over again, but rather than a
velociraptor appearing at the end of a paragraph, there
was an insidious new invasive species.

Her book covers disease organisms as exotic species,
an important category to emphasize and one that most
people do not think of as
invasive. The recent epidem-
ic of SARS (severe acute res-
piratory syndrome) really
drives this point home and
underscores the reality that
with millions of people trav-
eling daily across the globe,
the potential for introducing
devastating invasives
overnight is very high. For
those who do not appreciate
the impact of something like cheatgrass, an invasive
annual grass affecting western North America, disease
organisms more directly deliver the message. Many of the
invasions go unnoticed because the native species they
eliminate do not capture newspaper headlines. That is
the sad part of this story: if invasives eliminate unfamiliar
species we do nothing. Because so many species have yet
to be scientifically described, we will never know the full
impact of invasives on the landscape.

The book provides an important historical perspective,
a reminder that human activities have been spreading
species for thousands of years. We have always tended to
bring familiar animals and plants, or those that sustain us
like crop plants,
with us as we move
about. Today mil-
lions of people our global economy will strain
Rl EY VAl our ability to prevent the spread

serve as potential of unwanted species.
agents of dispersal.

Despite our aware-

ness of the problems that come with introduced exotics,
the increased connectedness of our global economy will
strain our ability to prevent the spread of unwanted
species.

Baskin’s critical review of the role of the United States
government in protecting native species from invasives is
timely and poignant. She argues that the government has
been lax in confronting the threat of invasive species
despite the body of scientific evidence that suggests inva-
sives have a tremendous negative effect on public and pri-
vate lands, at great cost to the U.S. economy. She also
notes that the United States was one of the few countries
that did not ratify the 1992 biodiversity treaty.

Her book covers disease
organisms as exotic

species, an important
category to emphasize

and one that most peo-
ple do not think of as
invasive.

The increased connectedness of]
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Any author dealing with invasive species has a daunting
task of formulating a realistic plan of action to mitigate
the negative effects of invasives. I respect Baskin’s prag-
matic assessment of
the situation, realizing
that we must choose
our battles carefully in
this war against
unwanted species. As a
group, invasives are here to stay, but there are ways in
which we can realistically protect native biota. I find it
encouraging to consider a realistic plan of action, and the
book is careful not to overestimate the possibilities for
protecting native biota. I appreciated the constant but
subtle theme of saving native biota as the goal rather than
the unrealistic goal of eliminating exotics.

Reading a book about invasive species is always diffi-
cult for me because the problem seems so overwhelming.
This book shared a nice mix of caution and hope that I
found comforting but honest. Overall the book is very
successful as a nontechnical work for the layperson or
scientist and is enjoyable to read.

We must choose our battles
carefully in this war against

unwanted species.

About the author

Neil Cobb is director of the Merriam-Powell Center for Environmental
Research and the curator of the Colorado Plateau Museum of Arthropod
Biodiversity, Department of Biological Sciences, at Northern Arizona
University in Flagstaff, Arizona. He can be reached at Neil.Cobb@nau.edu.
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THE CHALLENGE OF EFFECTIVELY ADDRESSING
THE THREAT OF INVASIVE SPECIES

ver-increasing transport of ¢

species of all kinds is break- |

ing down biogeographical
boundaries with profound consequences for
biodiversity loss worldwide (Vitousek et al.
1997, Mooney and Hobbs 2000). When species
are transported—intentionally or inadvertent-
ly—outside their original geographic ranges,
many of them become established and spread.
Some proliferate explosively, tending to displace
native species in their new area of establish-
ment. Evolving technology (e.g., containers) has
increased shipping speeds and volumes, making
our detection and interception strategies for
stemming the flow of invasives in the United
States very difficult to implement and certainly
inadequate (Campbell 2001; Loope and
Howarth 2003) (fig. 1). Given the seeds of cata-
strophic loss already planted and those yet to
come, invasive species pose a highly significant
threat to the biodiversity of the U.S. National
Park System in the early decades of the 21st
century (e.g., Wilcove et al. 1998). Moreover,
global climate change is likely to exacerbate the
problem by favoring invasive nonnative species
over native species (Mooney and Hobbs 2000).
Writing as a former (24 years) employee of the
National Park Service, now with the U.S.
Geological Survey (USGS), my attempt here is
at a personal review and synthesis of implica-
tions of trends in biological invasions for
national parks, based on personal experience
and analyses by others.

TO THE
NATIONAL PARK SYSTEM

By Lloyd Loope

WHO WILL PREVENT AND COMBAT INVASIONS?

Invasive plants comprise a highly visible taxonomic
group among many serious biological invaders permeat-
ing the United States and reaching even the relatively iso-
lated and intact ecosystems of the national parks. Federal
natural resource managers can potentially address inva-
sive species issues in conjunction with local outreach
efforts, working with agencies (federal, state, and local)
and individuals in communities surrounding the parks
and refuges for education, prevention, detection, and
rapid response.

An NPS workshop in Ft. Collins, Colorado, 4-6 June
2002, in which I participated, produced useful guidelines
for monitoring invasive plants in and near the national
parks (Hiebert and others 2002). Noteworthy innova-
tions of the guidelines include the need to “work outside
of park boundaries to manage at a landscape scale ...
[and] identify a buffer zone, which, when adequately
managed in cooperation with partners, will more effec-
tively accomplish invasive species management goals.”
Yet, although increasing attention is being given by public
and private entities to the need for controlling plant inva-

Figure 1. Containers arrive at the Port of Auckland, New Zealand. The
New Zealand Ministry of Agriculture and Forestry (www.maf.govt.nz) is
at the forefront of exploring techniques for reducing the risk of pest
introduction via the burgeoning sea and air container traffic, a primary
factor leading to rampant biological invasions worldwide. USGS PHOTO BY
PHILIP THOMAS; INSECT ILLUSTRATION—USDA FOREST SERVICE
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sions, almost no barriers to
the movement of plant species
by humans throughout the
world exist, including the
United States. Approximately
20,000 species of vascular
plants have proved invasive
and damaging somewhere in the world (Randall 2002).
U.S. federal noxious weed law (APHIS 2000) currently
prohibits 91 species and five genera, most of which are
well-documented threats to agriculture.

Other taxonomic groups besides vascular plants pose
present and even greater future threats to park ecosys-
tems. Insects and fungal diseases that attack trees are
probably the most important groups nationwide. The
Forest Service began working with the Animal and Plant
Health Inspection Service (APHIS) of the U.S.
Department of Agriculture (USDA) in the late 1980s to
address invasive species threats associated with raw
wood imports and solid-wood packaging materials (e.g.,
Tkacz et al. 1998). Nevertheless, Thomas Hofacker (staff
entomologist, USDA Forest Service) sees forest health in
the United States as broadly declining, with three to five
new problematic insects or pathogens becoming estab-
lished in this country each year, and with many tree
species becoming “functionally extinct” (presentation at
annual meeting of Entomological Society of America, San
Diego, CA, December, 2001). Campbell (2001) believes
this situation is at least partly because the international
system for regulating trade to prevent transport of poten-
tially harmful organisms places a huge burden of proof
on countries wanting to protect their ecosystems from
pests arriving through such pathways as raw wood and
wood packing materials. Another important point is that
the national and international quarantine system was
designed to protect mainstream agriculture with little or
no reference to the protection of natural areas from bio-
logical invasions (Campbell 2001, Baskin 2002).

In the United States, the agency primarily responsible
for protecting our nation’s borders from biological inva-
sions was until recently USDA-APHIS. Because of grow-
ing recognition of the need to address this problem (e.g.,
the threat to forests of insects and diseases in raw wood
and wood packaging material) and others, APHIS had
begun to focus beyond its primary mandate of protecting
mainstream American agriculture. Most of the large
branch of APHIS responsible for protecting our borders
from biological invasions at U.S. ports of entry (Plant
Protection and Quarantine) was transferred to the
Department of Homeland Security (DHS) in March
2003. How this move to a different government depart-
ment with a different mandate will affect the protection
of natural areas and biodiversity is not clear.

the movement of
plant species by

the world eyist....

Almost no barriers to

humans throughout

A 1993 report by the Congressional Office of
Technology Assessment recognized many challenges the
existing system faces to keep harmful nonindigenous
species out of the United States (OTA 1993). For exam-
ple, first-class mail within this country is a virtually unad-
dressed major pathway for transport of biological materi-
al (potentially, for example, federal noxious weeds), pro-
tected against “unreasonable searches” by the Fourth
Amendment to the U.S. Constitution (OTA 1993, p.
48-49). This is just one of many cases cited in the OTA
report in which the current system gives invaders the
edge.

Since publication of the OTA report, international
treaties to facilitate the workings of the multilateral trad-
ing system have evolved (Werksman 2004). After years of
trade negotiations, the World Trade Organization was
established in 1995 and with it a treaty on sanitary and
phytosanitary measures (FAO 2004). The treaty is man-
aged by the Food and Agriculture Organization of the
United Nations, which is responsible for implementing
the International Plant Protection Convention. Some of
the trade-promotion measures have not benefited inva-
sive species prevention. For example, countries cannot
legally exclude a potential pest in commerce unless they
can clearly establish that a specific, credible threat exists
through a risk-assessment process. Moreover, a country
can require only the minimum treatment measures docu-
mented as effective in reducing risk. On the positive side,
it can be said that the international system has responded
well to the threat of movement of pests in solid-wood
packaging material and has produced largely excellent
guidelines for regulating this pathway (FAO 2002)

BIOLOGICAL ASYMMETRY AND INVASIONS

Not all regions of the world are equally susceptible to
biological invasions; some regions primarily seem to be
source areas. Called biogeographic asymmetry, this phe-
nomenon has been widely recognized in marine and
aquatic invasions (Vermeij 1991, Lodge 1993) although it
is just as prevalent in terrestrial invasions. North
American forests are particularly vulnerable to invasions
of European and Asian insects (North American Forest
Commission 2000) (fig. 2). Many more plant-eating forest
insects from Europe have successfully invaded North
America (approximately 300) than have invaded Europe
from North America (34) (Nemiela and Mattson 1996).
The decline of forest species of eastern North America
caused by insects and pathogens, mainly from Asia
(Campbell and Schlarbaum 2002), does not seem to be a
reciprocal phenomenon. Very few native insects and dis-
eases of North America are known to have become
established in Asian forests.
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HAWAII-THE U.S. REGION
MOST SUSCEPTIBLE TO BIO-
LOGICAL INVASIONS

Oceanic islands are well known
to be especially vulnerable to
invasive species. The Hawaiian
Islands comprise one of the most
isolated island groups in the
world, with biological endemism
at the species level approaching
100% for many native groups.
Over all, Hawaii has approximate-
ly 10,000 endemic species (found
nowhere else on Earth besides
Hawaii), out of a total biota of
approximately 20,000 native
species (Eldredge and Evenhuis
2003). Hawaii, with far above- |
average vulnerability to invasions
(Loope and Mueller-Dombois

| GOL-W 7 3

1989), is also a major internation-  Figure 2. The destructive Asian longhorned beetle (Anoplophora glabripennis) from China provided a

al hub of commerce. It is by far

the U.S. region most damaged by
invasions, with large numbers of
and serious impacts from invasive
vertebrates, invertebrates, and
flowering plants (e.g., Loope 1998).

Nevertheless, Hawaii receives no special protection to
prevent invasive species introductions. Border protection
from foreign passengers’ baggage and cargo at the Port of
Honolulu is essentially identical to that at all other inter-
national ports in the United States (CFR, Chapter 7,
319.56-8). Preventive actions are taken based primarily
on an approved list of organisms for which specific legal
authority is deemed to exist (James Kosciuk, Agriculture
Liaison, Customs and Border Protection, DHS,
Honolulu, Hawaii, personal communication, May 2004).
Moreover, although Hawaii has better laws for preventing
invasive species establishment than most states (OTA
1993), the Hawaii Department of Agriculture has little or
no authority for protection from pests from foreign
sources and receives limited funding (HDOA 2002).
USDA-APHIS has a large program based in Hawaii for
airport departure inspections to protect mainstream agri-
culture on the U.S. mainland from Hawaii’s pests but no
reciprocal measures for protecting Hawaii (OTA 1993).
Clearly, the quarantine system is not protecting Hawaii
from what Bright (1999) termed the “pathogens of glob-
alization”

Hawaii has been one of the most unfortunate locations
in the world as far as pest introduction is concerned, and
its biodiversity and agriculture have suffered. The state is
in the midst of an invasive species crisis affecting not only
the archipelago’s highly endemic biota, but also overall

wake-up call regarding the threat of solid-wood packaging material as a major pathway for invasive pests
into the United States. After being intercepted repeatedly at ports of entry for several years by border
protection quarantine officials, a population was discovered in Chicago in 1998. USDA FOREST SERVICE

environmental and human health, and viability of its
tourism- and agriculture-based economy (CGAPS 1996).
The Invasive Species Specialist Group of the World
Conservation Union (i.e., IUCN) recently developed a
list of “100 of the World’s Worst Invasive Species” (ISSG
2002); Hawaii has 47 of them.

Hawaii has roughly the same total number of nonnative
arthropod species as the continental United States.
McGregor (1973) speculated on the reason: “Although
there is much greater diversity of crops and habitats with-
in the continental United States, these are dispersed over
a vastly larger land area. In Hawaii, where the overall
diversity is less, the various habitats are more readily
accessible from the principal port of entry” The more
moderate and stable climate of Hawaii is also more favor-
able to an invading species than the climate in much of
the United States. Furthermore, McGregor (1973) recog-
nized this point in relation to agricultural quarantine:
“(for insects and mites) in the period 1942-72 the rate of
colonization per thousand square miles was 40 species,
500 times the rate of [the] continental United States.”
There is no evidence to indicate that this pattern has
changed in the following 30 years.

More native species have been eliminated in Hawaii
than anywhere else in the United States. Hawaii has lost
about 8% of its native plant species and an additional
29% are at risk (Loope 1998). The state has lost 27 of its
73 historically known bird species and about 900 of 1,263
described land snail species (Loope 1998). With just
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0.2% of the U.S. land area, Hawaii has about 30% of U.S.
endangered species. Although habitat destruction has
been an important cause of
extinction and endangerment, With just 8.2% of the
the introduction and spread of U.S. land area, Hawaii
invasive alien species has con-  has about 58% of U.S.
tributed in a major way in the endangered species.
past and is now the predomi-
nant cause of biodiversity loss in Hawaii.

Still, much biological richness is left in Hawaii’s nation-
al parks, mostly at high elevations, but what is left is
threatened by old, new, and future invasions. The invasive
tree Miconia calvescens is an alarming and imminent
threat (fig. 3). This large-leaved, shade-tolerant tree from

Figure 3. Biologist Jean-Yves Meyer stands beneath a typical forest of the invasive tree Miconia
calvescens in Tahiti. Miconia has become recognized as an invader capable of extinguishing bio-
diversity in island rainforests, and is being aggressively combated by the Hawaii Exotic Plant

tropical America has greatly reduced biodiversity over
most of the rain forest area of Tahiti (Meyer 1996, Meyer
and Florence 1996) and promises to do the same in
Hawaii without major management intervention.
Hawaii’s national parks and Hawaii’s NPS Exotic Plant
Management Team are very much involved in interagency
efforts to manage M. calvescens (e.g., Loope and Reeser
2001).

Good models for improved prevention for Hawaii exist
in the largely successful preventive systems in place in
New Zealand and Australia. In these countries the public
accepts laws and procedures, some involving a small loss
of personal freedom, as the price that must be paid for
protecting agriculture, forests, and native ecosystems.
New Zealand has comprehensive biosecu-
rity legislation and a highly rigorous bor-
der control system, utilizing trained dogs
and X-ray technology (Baskin 2002, Loope
2004). Australia has a relatively successful
plant screening system that has evaluated
thousands of new plant introductions
since its inception (Pheloung et al. 1999,
Baskin 2002).

The stakes are high in Hawaii because of
the state’s world-class biota. No location in
the world rivals Hawaii as a showcase for
biotic evolution in isolation and adaptive
radiation—not even the famed Galapagos
archipelago (Williamson 1981). In Hawaii,
the National Park Service emerged as a
leader in conservation biology about 1970,
turning apathy into action, and showed
that extensive native ecosystems persisted
at high elevations in the state. It has pio-
neered the use of fencing as a tool for sus-
tained elimination of feral ungulates (Stone
and Loope 1996), serious alien plant con-
trol within designated “special ecological
areas” (Tunison and Stone 1992), pushing
for better quarantine measures at airports
and harbors (Reeser 2001), and drawing
the line against
Miconia and
other invasive
species. The
National Park
Service in
Hawaii is well
aware that it can-
not rest on its laurels, however (Bryan
Harry, NPS Pacific area director, personal
communication, 2004).

The National Park
Service in Hawaii is
well aware that it
cannot rest on its

laurels....

Management Team and others in Hawaii. PHOTO COURTESY OF JEAN-FRANGOIS BUTAUD AND JEAN-YVES MEYER,

2004.
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LAG TIME OFTEN MASKS BIOLOGICAL INVASIONS
ON THE U.S. MAINLAND

Given unabated action of similar forces responsible for
continued ecological degradation—habitat destruction
and fragmentation, biological invasion, and cascading
effects—biodiversity of mainland national parks is clearly
at risk (Vitousek et al. 1997). Meanwhile, Hawaii com-
prises a useful testing ground where strategies to prevent
and combat invasions can be applied, tested, and refined.

Lag time is an important and underappreciated phe-
nomenon in invasion biology and tends to mask the per-
vasiveness of invasive species on the North American
continent. For example, very many nonnative insect and
disease problems in eastern North America went unno-
ticed initially but have gathered momentum and become
acutely problematic with time. For example, white pine
blister rust (Cronartium ribicola), introduced with nurs-
ery stock from Europe, has been in this country for more
than a century (Maloy 2001), but it is just now killing
most of the whitebark pine (Pinus albicaulis) trees in the
northern Rocky Mountains from Glacier National Park
to Yellowstone and Grand Teton.

Likewise, hemlock woolly adelgid (Adelges tsugae), a
tiny insect, also illustrates well the case of serious inva-
sions, which are revealed as serious only gradually. Native
to Asia, it reached the western United States in the 1920s
and the eastern part of the country in the 1950s, but the
conventional wisdom was that it attacked only cultivated
hemlocks (Van Driesche and Van Driesche 2000). In the
1980s, reports surfaced of eastern hemlock death in
Virginia, and the infestation has now become a huge
problem from New England to North Carolina and is
slowly spreading westward (see article and illustrations,
pages 53-56). This may be an invasion that could cause
functional extinction of two hemlock species, eastern
hemlock (Tsuga canadensis) and Carolina hemlock (Tsuga
caroliniana).

Lag times are not always as long. Balsam woolly adelgid
(Adelges piceae) has virtually eliminated Fraser fir (Abies
fraseri) in Great Smoky Mountains National Park; it was
first noted in the United States about 1950 and started
attacking fir in the Smokies in the 1970s (see article and
illustrations, pages 64-65). Dogwood anthracnose
(Discula destructive), first detected in the country in the
1970s, was reducing or eliminating flowering dogwood
(Cornus florida) in many eastern national park areas by
the 1990s (Langdon and Johnston 1992).

Fast-moving and newly emergent invasive diseases
deservedly get the most attention. Sudden oak death syn-
drome (caused by the fungus Phytophthora ramorum) is a
high-visibility problem that popped up in 1995 in
California and kills healthy trees within four months
(Kliejunas 2001). For nearly a decade, the fungus in the
United States had been confined to Pacific states, but its

chances of invading southeastern states, where numerous
potentially susceptible oak (Quercus) species are ecologi-
cal dominants, was learned to have been hastened in early
2004. At that time it was found that in spite of the best
preventative efforts of APHIS, one large, infected nursery
in Los Angeles had shipped susceptible plant material
widely. An APHIS update reported, “As of June 15, P.
ramorum has been confirmed in plants traced forward
from the initially positive Los Angles County wholesaler
at 118 sites in 16 states,” including 11 states in the south-
east (APHIS 2004).

How many more sleeper invasions have already been
inoculated within ecosystems worldwide by the recent
burgeoning of trade—involving diverse pathways from
solid-wood packing and raw lumber to seed trade on the
Internet? And how much are protective systems going to
improve in the coming decades in addressing continuing
inoculations? In my view, change is going to depend more
than anything on awareness.

WHO WILL TELL THE PEOPLE?

Entomologists Nemiela and Mattson, in a 1996 article in
BioScience, stated (p. 751): “When the outrageous eco-
nomic and ecological costs of the wanton spread of exist-
ing exotics and continued entry of new ones become com-
mon knowledge, it is inevitable that there will be a public
outcry for actions to mitigate the potentially dire conse-
quences.” Whose responsibility is it to inform the public?

One might conclude that the seriousness of the prob-
lem of biological invasions seems to be largely unrecog-
nized in the consciousness of the American public.
Among environmental concerns, clean air and clean
water perhaps understandably seem to attract the most
attention (since their direct
effects are readily imagined).
The reality is that biological
invasions threaten much more
than the integrity of natural
ecosystems of national parks.
They pose immense threats to
the U.S. economy, agriculture,
and forest resources, and to the public health and quality
of life of U.S. citizens. Yet it seems that almost nowhere in
American society is this message being conveyed effec-
tively. Admittedly, the press reports with high frequency
on specific invading species, but only rarely produces in-
depth analyses relevant to the general problem of inva-
sions (e.g., Nash 2004, Choo 2004).

Biological invasions
threaten much more
than the integrity of
natural ecosystems
of national parks.

HOW CAN THE NATIONAL PARK SERVICE RISE TO
THE CHALLENGE?

The issue of the threat of invasive alien species to natu-
ral areas obviously presents huge challenges, but there are
many possibilities for working toward “solutions” A
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recent issue of BioScience presents an upbeat mix of ideas
on promising approaches by knowledgeable scientists
(Dybas 2004). One such scientist’s (Daniel Simberloff)
presentation was entitled “We can win this war: The dan-
gers of pessimism about introduced species” Another
(David Lodge) is quoted as having made the observation
that screening species for invasiveness is one of the essen-
tials and that “we have or are developing the tools to do
that. The management and policy tools, however, lag way
behind” A third scientist (Ann Bartuska) expressed frus-
tration over “how little we have done about dealing with
... [the invasive species issue]—given how big it is, how
clearly we know the impacts, how widespread it is, and
how it touches everyone in one way or another.... We
seem to have the political will and the public will to really
take on fire [in wildland management] in a big way ... but
we don’t seem to be able to do the same with invasive
species.” Her suggested solutions included “integrated
vector management” and “an effective early detection
rapid response system.”

The National Park Service has special incentives for
ramping up its efforts to address the invasive species
issue. National parks and their ecosystems provide an
excellent opportunity to bring the invasions message to
the U.S. public. Parks have been identified in the past
(originally by NPS Director George Hartzog in the early
1970s) as “miners’ canaries” for U.S. environmental
health and indeed can well serve as such for communica-
tion of the invasions message. Some regions and parks are
much more susceptible to invasions than others, with
some already showing substantial degradation. Parks in
Hawnaii, California, and Florida are especially affected by
invasions. Those parks provide unfortunate but strong
lessons to be learned by NPS employees and the general
public. Those fortunate regions and parks that have up to
now been less susceptible and have largely escaped dam-
age by invasions can learn from their neighbors and
anticipate threats posed by future invasions.

The 1916 NPS Organic Act states clearly that the
national parks are to be kept “unimpaired for the enjoy-
ment of future generations.” The National Park Service
now appears to be faced most ominously with massive
impairment of the parks’ natural resources by biological
invasions from outside. One role for the National Park
Service might be to accelerate its proactive role in
informing its employees and the American public of the
insidious nature of biological invasions. Another might
be to include serious analyses of the importance of
proactive quarantine systems suitable for regions at risk
such as the Hawaiian Islands (see Reeser 2002). Major
breakthroughs in science, policy, and management will
likely be needed to address the complex and important
issue of biological invasions if substantial impairment of
the parks is to be averted.
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A RETROSPECTIVE
on NPS invasive species policy and management

By Linda Drees

- Followin -loss, exotic species
proliferation is consi ed the greatest
threat to our natura erltage’ asive
species enereaohment 1q1;mphcated in. _
the listing of 42% of all species protected ¥ A S

by the Endangered Spec1es Act(STeigig i e e, .,-fe
and Flack 1996). Invasive species cost the

U.S. economy $138 billion annually
(Pimental et al. 1999). Of the 83 milli
acres (34 million ha) managed by the
National Park Service, 2.6 million acres
(1.1 million ha) are infested by exotic
plants and nonnative animals. Examples
of nonnative animal species plaguing the
parks are feral pigs and goats, hemlock
woolly adelgid, New Zealand mudsnail,
African oryx, and more recently mosqui-
toes carrying an exotic microbe, West
Nile virus. To address the damage of
invasive species, a National Invasive
Species Management Plan was devel-
oped in 2001 and is being carried out by
federal agencies. The National Park
Service, with its long history of fighting
harmful invasives, welcomes this intera-
gency coordination in taking on the
tremendous challenge of controlling and
eradicating invasive species.

Figure 1. Burro removal from
Grand Canyon National Park,
Arizona, began in 1982 and was
initially achieved by trapping
(right), relocation to holding pens, and adoption by projects partners,
such as the Fund for Animals. Today, those few burros that evaded the
earlier trapping efforts (and their offspring) (top) are removed by lethal
methods, as specified in the environmental impact statement for the
park burro management plan. Despite these efforts, some reclusive bur-
ros still persist in the park today. NPS PHOTOS

The National Park Service has been a pioneer in com-
bating threats to resources posed by invasive species. This
work began with the grassroots efforts of park staff
removing feral pigs at Great Smoky Mountains National
Park, burros at Grand Canyon National Park (fig. 1), and
purple loosestrife at Acadia National Park. As more and
more invasives have encroached on parklands over the
last century, the National Park Service has committed
more resources, developed more complex programs and
policies, and strengthened its resolve to deal with and
manage invasives.
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As the National Park
Service gained experience
with management of parks
and their living objects, its
definition of exotic species
became clearer, reflecting
the complex relationships
among organisms in the
landscape.

Historical warnings: the crucible
of policy

The Organic Act of 1916 is the origin of NPS policy on
exotic species. The National Park Service was created to
preserve examples of the natural and historic objects
characteristic of the United States. With respect to living
things in the National Park System, the term “natural
objects” has come to mean individual plants and animals,
their species and habitats, and their ecological systems.
This definition instructs the National Park Service to pro-
tect (or in many cases manage foward) (1) resource con-
ditions that were present before a major increase in the
rate of human impacts, and (2) resource conditions that
would still exist today had modern people not interfered
with the normal processes of ecological and evolutionary
change.

In managing natural resources and historic objects, the
National Park Service recognized that some park species
were “exotic.” As the
National Park Service
gained experience with
management of parks and
their living objects, its
definition of exotic
species became clearer,
reflecting the complex
relationships among
organisms in the land-
scape. The basis for this
evolution has been the
National Park Service’s
relatively early recognition that exotic species threaten
the preservation of park natural resources. For example,
in 1932 the NPS field biologists George Wright, Joseph
Dixon, and Ben Thompson authored a report called the
Fauna of the National Parks of the United States that iden-
tifies the threat of exotic species. The following excerpt
from the report qualifies as one of the first warnings to
park managers on the implications of exotic species.

[Encroachment of exotic species upon the natural
park fauna] is a situation which is not apparent in
many parks at present, but which is apt to become
more and more difficult. There are three ways in
which man has brought about the introduction of
exotics.

(1) Many important species of animals, notably game
birds and fishes, are liberated all over the country
each year in the interests of sportsmen.

(2) Exotic species are constantly being liberated by
accident.

(3) Certain animals native to one part of the country
actually flourish with civilization and invade new
ranges in the wake of man. These are exotic in their
newly occupied ranges, too.

Even when Yellowstone—the first national park—was
in its infancy, its managers resisted adding new plants and
animals because of the damage caused by the introduc-
tions.

Two reports of the 1960s—the Leopold report on
wildlife management in the national parks (Leopold et al.
1963), and the Robbins report on research (Robbins et al.
1963)—asserted that the introduction of exotic species
was inappropriate for areas set aside to preserve natural
conditions. Reacting to the Leopold report, Secretary of
the Interior Udall issued a memorandum dated 2 May
1966 instructing the director of the National Park Service
“to incorporate the philosophy and the basic findings of
the report into the administration of the National Park
System” (Commission on Geosciences, Environment, and
Resources 1992). With respect to exotic species, the Park
Service responded informally in statements such as one
by the principal NPS biologist Lowell Sumner in 1964
that “nonnative species are to be eradicated, or held to a
minimum if complete eradication is impossible.” In 1968
the National Park Service answered with formal publica-
tion of the Administrative Policies for Natural Areas of
the National Park System, which declared that “nonnative
species may not be introduced into natural areas. Where
they have become established or threaten invasion of a
natural area, an appropriate management plan should be
developed to control them, where feasible....” It went on
to state that “nonnative species of plants and animals will
be eliminated where it is possible to do so by approved
methods which will preserve wilderness qualities”
(National Park Service 1968).

Similarly, in revising its exotic species policy in 1975,
1988, and 2001, the National Park Service maintained the
prohibition of introducing new exotic species into natural
zones of parks (although, controlled introductions of
exotics into historic, developed, and special use zones of
parks was permitted). All three policy documents main-
tained that control or eradication of existing populations
of exotic species would occur in a variety of situations
where park purposes or adjacent, privately held lands
were being threatened by such species.
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Parks take action

Over the last century parks throughout the country
have taken creative and concrete steps toward control-
ling harmful invasive species. Yellowstone National
Park has removed thousands of nonnative lake trout
since 2000 because they were displacing native fish
(fig. 2). African oryx were intentionally introduced into
New Mexico the 1960s and grew to a herd numbering
more than 4,000. However, oryx were physically dam-
aging White Sands National Monument and control
was necessary (see article, page 6). The park initiated a
comprehensive control program in 1999 and success-
fully removed all oryx from the park. At St. Croix
National Scenic Riverway (Wisconsin and Minnesota),
a boat inspection program has been initiated with the
State of Minnesota and federal agencies to prevent the
spread of invasive aquatic plants and zebra mussels into
the unit. This prevention program was initiated to stop
the introduction of zebra mussels, which were outcom-
peting threatened and endangered native mussels (see
article, pages 66—67).

Finally, invasive plant control has been carried out in
almost every natural resource park in the National Park
System. Even with the Herculean efforts by parks to
reduce invasive species, it became increasingly clear an

Figure 2. (Right) Fisheries
crew member John Bauer
secures a gill net after its
deployment in Yellowstone
Lake for the removal of non-
native lake trout (top). The
ongoing control program at
Yellowstone National Park is
necessary to protect native
cutthroat trout from this
invasive competitor. NPS
PHOTOS
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NPS policy and funding strategy were needed. The
National Park Service responded by dedicating one of its
overarching natural resource management goals to meas-
ure its performance relative to the containment of exotic
plants (Government Performance and Results Act
[GPRA] 1alb). Since 1999, the National Park Service has
controlled exotic plant species on more than 167,000
acres (67,635 ha); however, 2.6 million acres (1.1 million
ha) remain infested. The National Park Service has met
or exceeded performance levels for GPRA goal 1alb each
year since this goal’s inception in 2000.

Finding institutional solutions

The Washington Office of the National Park Service
first responded to problems posed by exotic species with
the creation of the Integrated Pest Management (IPM)
program in the 1980s. This program was developed
because of concerns related to documented increases in

the use of chemicals to control native and nonnative
pests, such as termites and cockroaches, on park lands.
The National Park Service received a grant for $80,000
from the Environmental Protection Agency and initiated
a pilot IPM program within the National Capital Region.
The program has since grown and is now viewed by
other natural resource agencies as a model for managing
pest species. The IPM program supplies a broad range of
technical assistance and training to park staffs on the
low-risk management of exotic and native pests that
adversely affect park operations, natural and cultural
resources, visitor safety, and concessions. These services
are given to more than 100 parks per year through on-site
or remote consultations by IPM staff, technical manuals,
or other means, and the identification of non-NPS
experts who can assist. The result is often an economic
and permanent solution to pest management problems in
parks.
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The next significant response to invasive species came
in 1996 when the National Park Service published
“Preserving our Natural Heritage: a strategic plan for
managing invasive nonnative plants in the National Park
System.” It outlines a framework for a national invasive
species program. This plan has earmarked funding from
the Natural Resource Preservation Program (NRPP) on
invasive species control projects, which numbered 46 in
2002 and totaled more than $1.6 million. Despite this

Figure 3. Crew members of 13 of the 15 NPS EPMTSs, along with university staff and represen-
tatives of Mexico’s national parks, traveled to Arches National Park, Utah, in 2004 to control

financial boost, an assessment conducted in the 1990s of
staffing and funding needs for a viable invasive species
program was estimated at $80 million per year for the
National Park Service.

The unrelenting demand for exotic species manage-
ment and research resulted in a full-scale needs assess-
ment under the Natural Resource Challenge initiative.
First funded in 2000, the Challenge comprises several
action plans related to natural resource management.
The exotic species action plan is the most
recent, ambitious, and comprehensive
approach to invasive species management in
the National Park Service. It identified the
need to form the Biological Resource
Management Division (BRMD) under the
umbrella of the Natural Resource Program
Center. The division develops policy and
technical assistance programs, and awards
NRPP funding to help parks manage native
and nonnative species. The Invasive Species
Branch of BRMD operates the IPM pro-
gram and Exotic Plant Management Teams
(EPMTs). These mobile, specialized EPMTs
are the first to be established among federal
land management agencies. Thanks to
Natural Resource Challenge funding, the
National Park Service now has 16 EPMTs
that assist 209 national parks. Since the
inception of the program in 2000, the
EPMTs have treated more than 73,000 acres
(29,565 ha) (fig.3). As partnerships are
expanded and the expertise of the teams
becomes institutionalized, the National Park
Service anticipates the future benefit of this
program to grow exponentially.

Needs beyond parks

Recognition of the problems associated
with invasive species beyond national park
boundaries is growing. In the last decade,
both the National and Western Governors
Associations have adopted policy on inva-
sive species and specifically called for feder-
al action and coordination. In 1999,
President Clinton responded to the gover-
nors’ resolutions by signing Executive Order
13112 on invasive species. The executive

i gmgn order established an invasive species council

)  made up of eight departments of the federal
government. The partnership established

25 acres (10 ha) of tamarisk in Courthouse Wash. The operation, which was funded in conjunc-  under the executive order will promote a
tion with the NPS Fire Program, exceeded its goal by 100%, controlling 50 acres (20 ha) of the  concerted and coordinated management of
invasive tree species. The operation was the first to bring together several EPMTs for a joint invasive species across the country.

training and work exercise, and resulted in no injuries to participants. NPS PHOTOS
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Most on-the-ground
management is carried
out as collateral duties
of existing resource
management staff

Restoration of
ecosystems can
reduce the encroach-
ment of invasive
species and is the
next challenge for
the National Park
Service in protecting
this country’s natural
heritage for future
generations.

For the future

The National Park Service has steadily progressed
through the development of innovative programs to man-
age invasive species. Its policies are solid, committing the
National Park Service to protect park resources from
invasive species. Yet most on-the-ground management is
carried out as collateral duties
of existing resource manage-
ment staff rather than by
trained invasive species special-
ists. However, the National Park
Service cannot expect addition-
al internal funding to solve its
problems. Rather, it must look

rather than by trained (o creative mechanisms to lever-
invasive species spe- age funds and expertise
cialists. through partnerships. For

example, the State of Florida

makes dollar-for-dollar match-
ing grants for control of exotics. In 2003, EPMTS5 received
$2.8 million in outside contributions to conduct invasive
weed work in national parks.

In addition to leveraging
more resources for the con-
trol of invasives, the National
Park Service must integrate
restoration more thoroughly
into its efforts. In some cases
disturbances from park-based
management activities have
led to the ease with which invasives have become estab-
lished. Restoration of ecosystems can reduce the
encroachment of invasive species and is the next chal-
lenge for the National Park
Service in protecting this coun-
try’s natural heritage for future
generations.

Increasingly obvious as the best
strategy for battling invasive
plants is preventing them from
entering our national parks. New
and innovative programs are
being established in a handful of
parks to institutionalize preven-
tion programs. In cases where
this is not possible, the sooner
new introductions are detected
and addressed the greater the
likelihood of eradication. Fortunately, the NPS Inventory
and Monitoring (I&M) Program has identified the spread
of invasive species as a premier threat to ecosystem func-
tion. Many 1&M networks are helping parks develop
monitoring programs for the detection of new invasions,

In 2003, EPMTs
received $2.8 million in
outside contributions
to conduct invasive
weed work in national
parks.

so a quick response can ultimately remove the threat
before it becomes unmanageable.

This is a golden time for managing invasive species in
national parks. Recognition that invasives are a major
threat to our natural heritage is broad-based, and
includes such groups as our partners, constituents, park
visitors, and the Bush administration. New policies and
increased funding through the Natural Resource
Challenge reflect a commitment to take action to manage
invasive species. If we stay the course, management of
invasive species in parks is within our grasp.
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Assessing the
iNvasive PIANT issYe

By Pamela Benjamin and Ron Hiebert the time and cost-effectiveness of invasive plant manage-
ment actions. Additionally, documenting areas not yet

As a major focus of the Natural Resource Challenge, infested is as important as documenting the locations of
management of alien species has begun to receive an where weeds occur. This information affords resource
increasing amount of support throughout the National managers the greatest opportunity to be proactive and to
Park Service (NPS). In particular, the establishment of employ the most cost-effective and efficient of all weed
Exotic Plant Management Teams (EPM5) is a major con- management strategies—prevention.
tribution to increasing our ability to control invasive Assessing invasive plant
yveeds. However, an array of assessment tools is ngedgd issues is qot a simple . Assessing invasive plant
in order to ensure that these teams, as well as monitoring undertaking and requires ) )
network and park staffs, target the control of invasive the integration and issues is not a simple
plants of highest priority, in areas of greatest value, and understanding of com- undertaking and requires
w1;h the highest potential for restoratlon.. ' plex phy31c.al, biological, the integration and

everal approaches have begun to provide consistency and ecological factors.

in the inventory and mapping of weeds (Beard et al. 2001, Resource managers need ~ understanding of com-
Ben]'gmip 2001'), to establish guidelings f(?r long-term to address s.e\.Ieral basic, plex physical, biological,
monitoring (Hiebert 2002), and to assist in the assess- but often difficult-to- .
ment of the restoration potential of weed-infested sites answer, questions before and ecological factors.
(Benjamin 2004). Yet, despite these substantial advances, effective weed manage-
limitations remain that significantly jeopardize our ment strategies can be identified and implemented. These
attempt to win the battle against invasive plants. questions can be categorized and include:

This article focuses on the role of weed assessments in
developing effective weed management strategies at mul- < Inventory, mapping, and monitoring
tiple levels throughout the National Park Service. It also What is the distribution and relative abundance of
summarizes the benefits of emerging guidelines for the weeds within and adjacent to a park? What physical
inventory, mapping, and monitoring of invasive weed and biological factors are contributing to the distribu-
species, and for assessing the restoration potential of tion? How is the distribution of weeds changing over
weed-infested areas. Furthermore, it provides specific time?
recommendations on future steps needed to ensure that
the National Park Service continues to serve its role in e Identifying priority species and priority treatment areas
preserving the natural and cultural heritage of this nation. Which species are most invasive or represent the

greatest threat to park resources? What is the biology
of the targeted weed species? Which areas are cur-

Importance of establishing a baseline
P 9 rently not infested by alien plants? Which areas have

Most parks lack complete weed inventories, which the highest ecological significance or integrity?
makes assessing impacts and establishing management
priorities difficult. By far, the overriding benefit of evalu- = ldentifying the restoration potential of an area
ating weed infestations in parks is the resulting ability of What type of disturbance or activity has allowed inva-
resource managers to ana- Documenting areas not sive species to become established? What is the poten-
lyze and prioritize inva- . . . tial for a site to be restored to its natural condition and
sive plant management yet infested is as impor- maintained thereafter? What is the restoration feasi-
needs, and to appropri- tant as documenting the bility of a weed-infested site? What types of manage-
ately direct work efforts locations of where ment. actions are needed? What level of expertise is
and resources. As such, required to ensure recovery of the targeted natural
understanding baseline weeds occur. system or landscape?

conditions can enhance
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Guidelines for
inventory, mapping, and monitoring

In 2002 the NPS Inventory and Monitoring (I & M)
Program hosted a workshop in Fort Collins, Colorado, to
develop guidelines and tools that would support I & M
networks, parks, and cooperating land managers in
developing protocols for inventory and monitoring of
invasive plants. The objective of the workshop was to
compile, apply, and modify existing inventory, mapping,
and monitoring guidelines and protocols, and not to
“reinvent the wheel” The document resulting from the
workshop is available from the NPS Inventory and
Monitoring Web site (Hiebert 2002).

Effective invasive plant management requires identified
goals, measurable objectives, and protocols for inventory,
mapping, and monitoring (fig. 1). Following this struc-
ture, workshop participants proposed and adopted for
use four general inventory, mapping, and monitoring
goals for mitigating invasive plants throughout the
National Park System:

1. Determine the distribution and abundance of known
nonnative plant species within and surrounding parks.
Assess which plants are present and which have a high
potential to become invasive.

2. Prevent and detect new alien plant invasions, and
eradicate new invasives.

3. Evaluate the effects of management actions on target-
ed plant species and the ecosystems they have invad-
ed, and determine whether management actions have
accomplished strategic goals.

Determine the status and trends of plant invasions
over time and space, and develop predictive models to
better guide future monitoring and management
efforts.

Workshop participants also agreed that specific data
elements as identified by the North American Weed
Management Association (NAWMA) (Beard et al. 2001)

Define park management goals
and objectives

Apply weed 1
ranking system \

\4
\ 4

Identify existing vegetation/weed information—both
internal and external to park

Involve park
neighbors and
partners

Identify and rank priority weed species for inventory,

mapping, management, and monitoring

\

Identify resources/values at risk

Lesser/unknown values at risk or larger land

areas

Less intensity and lower accuracy
Survey at broader scale to get preliminary information
(e.g., 60-70% of priority weed populations)

\4

Systematic or stratified random
sampling/inventory protocol
Use aerial photographs or existing vegetation maps

Feedback: reevaluate priorities

T~

P

s Survey at a more refined scale in order to document a

High values at risk or smaller land areas

\ 4

Greater intensity and higher accuracy

minimum of 90% of noxious/priority weed infestations

v

Systematic and targeted sampling/inventory
protocol based on T & E

Include population locations, dispersal/migration
vectors or corridors, etc.

L sanuiold ayeneAsal yoeqpas4

—

Map weeds using minimum mapping

standards

\ 4

Document noninfested areas

Figure 1. An effective weed inventory,
mapping, and monitoring program starts
by defining management goals and objec-
tives. FROM BENJAMIN (2001)

\/

Establish management/treatment
priorities and monitor
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and by the draft Intermountain Region “Weed Inventory,
Mapping, and Database Development Guidelines”
(Benjamin 2001) should be adopted as the NPS standards
for invasive plant inventory and mapping. Currently, all
state and federal land managing agencies in the western
United States have adopted the NAWMA standards. Wide
use of these basic data standards in the collection of weed
distribution information provides the greatest ability to
share meaningful information between agencies while
assessing weed distributions and impacts at multiple
scales (park, network, and region). A listing of the NPS-
adopted standards and data elements (required and
optional) and their definitions appear in Appendix A of
the workshop report (Hiebert 2002).

Identifying priority species and
priority areas for treatment

Mapping, controlling, and monitoring all nonnative
plants in all units of the National Park Systems is physi-
cally and fiscally impossible. Although a majority of non-
native plants are relatively innocuous and do not tend to
invade intact habitats or cause significant negative
impacts in or near parks, the presence of invasive nonna-
tive weeds requires focused management efforts.
Therefore, managers must be able to prioritize
species and the locations for management for
species identified as being invasive (or capable of
causing adverse impacts). To assist in these efforts,
the Alien Plants Ranking System (APRS)—a coop-
erative effort among the National Park Service,
Northern Arizona University, Ripon College,
University of Minnesota, and the U.S. Geological
Survey—helps managers prioritize decisions con-
cerning invasive nonnative plants. This automated
system ranks species based upon their current pre-
sumed site impacts, their innate ability to be pests,
and the feasibility of control (ARPS
Implementation Team 2001).

The Alien Plant Ranking System has proven to be
an extremely beneficial tool in prioritizing invasive
species at park and local levels. However, a prelimi-
nary screening before species are ranked at a spe-
cific site is often necessary. Morse and others
(2004) developed criteria that prioritize invasive
plants on national or regional scales and rank
species based on their negative impacts to native
biodiversity. Currently available on the Web, this
new ranking tool places invasive species in one of
four categories: high, moderate, low, or insignifi-
cant based on their potential for adverse impact on
a landscape scale (see Morse et al. 2004 for
address). This system is beginning to receive wide
acceptance and has been adopted by several states

SITE VALUE

« Biodiversi

Figure 2. Prio
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= Rarity of habitat

* T & E species
= Significance to park
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to rank invasive weed species, including Virginia,
California, Arizona, and Nevada. We propose that this
system could be used to categorize priority species at the
I & M network level and for identifying the highest prior-
ity invasive species regionally. Priority species ranked in
the high and moderate categories at the regional or net-
work level could then be further prioritized at the park
level using the Alien Plant Ranking System.

A conceptual framework for assessing invasive plants at
the I & M network level begins by categorizing nonnative
plants known to exist within the geographical area of a
network (fig. 2). Species that are thus categorized as caus-
ing high, or possibly moderate, impacts to regional biodi-
versity would be targeted as priorities for surveys and
mapping in parks. Parks and areas of parks where a prior-
ity invasive species does not occur would also be docu-
mented during this process. Park and network managers
would then target areas identified as not infested for pre-
vention and early detection efforts. Based upon survey
data and additional ranking through the Alien Plant
Ranking System, managers would tally a list of priority
species for each park within the network. A system simi-
lar to the New Zealand site-led system (Timmons and
Owens 2001) could then be applied to rank the relative
ecological value of invaded and non-invaded sites within

Tool for Prioritizing Disturbed Sites for Restoration

(Sites Impacted by Invasive Species)

Categorize alien plants at network scale
(Employ Randall, Morse, Benton, and
Hiebert system)

Map weeds in high and moderate categories in each
park and prioritize weeds at park level using Alien
Plant Ranking System (APRS)

\/

Collect site attribute data

I N\

RESTORATION POTENTIAL
= Severity of disturbance
= Existing site condition

= Restoration effort

v/

ty

N\

Set priorities for each park

\

Prioritize for network (EPMT parks)

= Urgency (rate of spread, rate/extent of resource damage)

= Degree of resolution of weed problem

« Logistical considerations

= Ability of park to complete any additional activities needed to restore site

ritizing weed management sites begins by categorizing alien plants

known to exist within the geographical area of an | & M network.
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parks. Concurrently, invaded sites would be evaluated
based upon the feasibility and level of effort required to
restore the site. Using general inventory, mapping, and
monitoring goals, managers would determine priority
species and sites for management action for each park
within the network. This information would then serve as
the basis for prioritizing management actions and moni-
toring by EPMTS or by individual park staffs.

Assessing the restoration potential
of weed-infested sites

A specific goal of all invasive plant management actions
is not just to eliminate alien plants but also to protect or
restore the function, structure, and composition of the
ecosystems that the National
Park Service is entrusted to
manage. Because the presence
of weed species is as much a
symptom of degraded habitat
as it is a cause, land managers
must begin to holistically eval-
uate weed-infested lands by
addressing the question: What
is happening in the system that allowed the weeds to
invade and become established?

As part of an overall effort by the NPS Geologic
Resources Division and NPS Biological Resource
Management Division to develop a disturbed lands
“restoration assessment tool,” staffs have initiated work
that will build upon inventory, mapping, and identified
management priorities by assisting land managers in
assessing the restoration potential of weed-infested sites.
The restoration assessment tool (Benjamin 2004) builds
upon an easy-to-use format (similar to that used by the
Bureau of Land Management for assessing “potential nat-
ural communities and rangeland health” [Pellant et al.
2000]), and provides both direct and indirect assessments
of several parameters related to the ecological integrity of
a site. The NPS Washington Office has received funding
to field-test this tool, with preliminary testing beginning
in 2004. The data collected from these preliminary field
investigations will be subsequently used to identify any
modifications needed to ensure the greatest application
of the restoration assessment tool throughout the
National Park System. We expect a formal version of the
restoration assessment tool to be available for implemen-
tation by the end of 2006.

the system that

invade and become
established?

Future steps

What is happening in

allowed the weeds to

Examples of progress and success in NPS efforts to
address invasive plant threats include exemplary pro-
grams at Acadia, Glacier, Rocky Mountain, and

Yellowstone National Parks, and parks in southern
Florida, Hawaii, and the National Capitol Region. The
creation of 16 Exotic Plant Management Teams and the
increase in park base funding provided by the Natural
Resource Challenge also indicate progress. In addition,
assessing invasive plant issues and designing weed moni-
toring programs are high priorities for many I & M net-
works. Yet, the fiscal and human resources needed for
larger-scale inventory and mapping of weed infestations,
for the development and implementation of long-term
weed management strategies and associated monitoring,
and for assessing the restoration potential of weed-infest-
ed sites remain low. Without augmented resources and a
more coordinated effort, we predict the impacts of inva-
sive plants will continue to increase. To counter this con-
tinued spread of invasive plants, some necessary, immedi-
ate actions are required.

+ Develop stronger policy to support effective preven-
tion and proactive management actions throughout
the National Park Service.

+ Establish designated invasive plant management posi-
tions for parks and monitoring networks. This issue is
much too large and serious to address as a collateral

duty.

+ Establish regional invasive species coordinator posi-
tions to (1) enhance invasive species management and
partnership abilities (e.g., inventory and mapping;
species assessments, control, restoration, and
research; and needed regional partnerships), (2) coor-
dinate performance management goals related to inva-
sive species, (3) maintain regional database(s) related
to invasive species management (e.g., infested areas,
pesticide use), (4) facilitate the development and
implementation of regional and network invasive
species action plans, (5) coordinate performance man-
agement goals related to invasive species, and (6) serve
as NPS regional liaisons for regional and national ini-
tiatives or working groups related to invasive species
management.

« Enhance research capabilities and funding for invasive
species research.

Conclusion

Invasive plants represent one of the greatest threats to
the natural and cultural resources in the National Park
System, yet until recently, our abilities to address this
threat have been limited. The creation of EMPTS has
proven invaluable in our abilities to undertake invasive
plant control activities. However, the development of
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baseline information and viable tools for assessing and
prioritizing weed management and restoration activities is
critical to ensure the best use of limited personnel and
financial resources. As such, new tools and conceptual
frameworks are being developed to improve weed man-
agement and habitat restoration capabilities. These con-
tributions represent a significant step forward in address-
ing the invasive plant issue, yet without further augmenta-
tion of resources (personnel and funds), invasive weeds
will remain a prominent threat to the resources of our
national parks.
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“ Information Crossfile” continued from page 9

Under natural conditions—without earthworms—fallen
leaves decompose slowly, creating a spongy layer of
organic duff, which is the natural growing environment
for native woodland ferns and wildflowers. The duff layer
also provides habitat for ground-dwelling animals and
helps prevent erosion (Holdsworth et al. 2004). Invading
earthworms eat the leaves that create duff, thereby elimi-
nating the layer and decimating forest floors. Mature
trees survive, but saplings, ferns, and flowers perish.

Although beneficial in many urban and agricultural set-
tings, earthworms create a soil of a certain consistency,
which can have adverse effects in northern forest ecosys-
tems by actually compacting soil. Compaction decreases
water infiltration, and less infiltration combined with less
duff results in increased surface runoff and erosion
(Holdsworth et al. 2004).

In addition to changing the structure of soil, exotic
earthworms alter the chemistry of soil. Invasion alters the
location and nature of nutrient cycling in soil profiles and
changes total carbon and phosphorus pools, carbon-
nitrogen ratios, and the loss and distribution of different
phosphorus fractions. The organism factor in soil forma-
tion also is affected by earthworm invasion: the distribu-
tion and function of roots and microbes is significantly
disturbed (Bohlen et al. 2004).

The take-home lesson: Exotic earthworm invasion is a
significant factor that will influence the structure and
function of temperate forest ecosystems over the next few
decades. Researchers have little doubt that earthworms
are invading new habitats in northern forest ecosystems
and that such invasion constitutes a potentially important
change in these systems over wide geographic areas (see
pages 61-62). If earthworm invasion is an important fac-
tor influencing patterns of nutrient cycling and loss in
northern forests in the coming decades, then regional
evaluations of forests will need to consider the presence
or absence of earthworms along with other important
drivers of those processes, such as pollution, climate, or
underlying soil characteristics (Bohlen et al. 2004). —K.
KellerLynn
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The role of
fire and fire management

] . .8
in the invasion of

nonnative plants

In California

By Kyle E. Merriam, Tom W. McGinnis, and Jon E. Keeley

Invasive nonnative plants threaten natural resources
throughout the National Park System. Nonnative plant
species infest an estimated 4,600 new acres (1,863 ha) of
federal land each day (National Park Service 1996), and
National Park Service (NPS) policy directs resource man-
agers to develop strategies to control or eliminate nonna-
tive species. However, eradi-
cating nonnative plants has
proven to be difficult. One
significant challenge is that
fire and fire management
strategies may be promoting
the invasion of nonnative
plants in some ecosystems.
This is a serious dilemma for
resource managers because
fire is an important natural process and critical resource
management tool on many NPS-administered lands.

In this article we describe research being conducted by
the U.S. Geological Survey, Biological Resources Division
(USGS-BRD), to address the role of fire and fire manage-
ment programs in the invasion of nonnative plants. We
are studying how nonnative plants respond to fire and
fire management strategies, and investigating the factors
that influence this response. We hope this information
will allow NPS resource and fire managers to develop fire
management strategies that maintain the important role
of fire within the National Park System, while also reduc-
ing the negative impacts of many nonnative plant species.

Fire and fire manage-
ment strategies may be
promoting the invasion

of nonnative plants in
some ecosystems.

The link between invasive nonnative species
and fire and fire management strategies

Managing invasive nonnative plants has become a pri-
ority for the National Park Service. The “Strategic Plan
for Managing Invasive Nonnative Plants on National Park
System Lands” (NPS 1996) recommends strategies to

control nonnative plants, including prevention, public
awareness, inventory and monitoring, research, and man-
agement. Many of these strategies are currently being
implemented through NPS resource management plans,
inventory and monitoring programs, fire monitoring pro-
grams, species-specific eradication programs, and inte-
grated pest management plans.

One significant challenge to resource managers is that
fire, an important natural process and management tool
on many NPS-administered lands, may be facilitating the
invasion of nonnative plant species in some areas. Studies
in a number of ecosystems have found that fire often pro-
motes nonnative plants (see D’Antonio 2000 for a review).
Fire, like many disturbances, can provide openings for
nonnative plant establishment, reduce competition with
native species, and create favorable environmental condi-
tions for nonnative plant species, such as elevated nutri-
ent levels. In many cases, nonnative plant species are well
adapted to fire, and can invade
fire-adapted ecosystems, particu-
larly when natural fire regimes
have been altered (Keeley 2001).
Once established, nonnative
plants can alter fire regimes in
their new habitats. They can affect
the frequency and intensity of
fires by altering fuel characteristics and microclimatic
variables such as humidity and wind speed. For example,
invasive nonnative grasses have increased fire intensity
and frequency in a number of ecosystems throughout the
world by increasing the amount of continuous fine fuels
across formerly patchy landscapes (D’Antonio and
Vitousek 1992). In the Great Basin, fire return intervals
have decreased from 30 to 100 years to 5 years in some
areas (Whisenant 1990). Native woody species in a vari-
ety of habitats cannot tolerate intense and frequent fires,
and as a result many areas have been transformed from
diverse native woodlands and shrublands into homoge-
neous exotic grasslands.

Once established,
nonnative plants can

alter fire regimes in
their new habitats.
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Prescribed burning has been suggested as a means to
control both perennial and annual nonnative plants in
some areas. However, the frequency, intensity, and timing
of the prescribed burn must be carefully controlled to
exploit a vulnerable life history stage of the target species.
For example, burning prior to seed release can temporar-
ily reduce the abundance of nonnative annuals. However,
this approach may also negatively affect native annual
plants. Prescribed fire may inhibit one nonnative species
while promoting another. For example, in one study in
the Sierra Nevada
foothills of California,
Resource managers may have |[ESISUSEIN RIS,
to weigh the benefits of con- SIS B s e r-R1: 1

trolling one plant species dominance of nonna-

through preseribed burning e
: : increased the domi-
against the ¢ Of damaging |NNSRPER.

a native plant'species or pro- MR L

moting another nonnative Stohlgren 1989).

plant species. Resource managers
may have to weigh the

benefits of controlling

one plant species through prescribed burning against the
costs of damaging a native plant species or promoting
another nonnative plant species. In
areas where nonn.ative plant species In areas where
have a well-established seed bank, .
fire is generally an ineffective means nonnative plant
of control. SpeCieS have a

Many fire management plans well-established
include fuel reduction strategies seed bank, fire is
such as thinning and the construc-
tion of fuel breaks. The role of fuel .
breaks in promoting nonnative fective means of
plants has not been specifically control.
studied. However, fuel breaks share
many common characteristics with roads, which have
been extensively linked with nonnative plant invasion
(D’Antonio et al. 1999). Fuel manipulations create distur-
bance by removing vegetation, opening forest canopies,
disturbing soils, and changing hydrologic conditions, fac-
tors that generally promote
| nonnative plants (D’Antonio et

The establishment of al. 1999). Equipment used to
LTI/ o ERIENTINVEIN  construct fuel breaks or to thin

JEEEUE EV A o ()i lo YTl forests may transport the seeds

exotic seed source in of nonnative plant species into
- areas where they were not for-
close proximity to

merly present. The effect of
CNOERTIIEGOREICES  [ocalized fuel treatments on
nonnative plant invasions can
be profound. The establishment of nonnative plants in
fuel breaks may provide an exotic seed source in close

generally an inef-

proximity to remote wildland areas. These wildland areas
are then more susceptible to invasion, particularly follow-
ing disturbances such as natural or prescribed fires
(D’Antonio 2000). Nonnative plant invasion in fuel
manipulation zones could also increase fire frequencies
and alter fire intensity to the detriment of native plant
communities (Keeley 2001).

Maintaining fire and fire management while
decreasing the risk of invasive nonnative
plant species

Fire is an important natural process and resource man-
agement tool on many NPS-administered lands. Fire
management strategies include wildland fire use, pre-
scribed burning, and fire suppression. After many
decades of fire exclusion, the National Park Service has
recognized the importance of fire to maintain native plant
and animal communities and ecological processes in
many ecosystems. The Park Service has developed clear
recommendations and guidelines for the use of fire with-
in the National Park System, including the Federal
Wildland Fire Management Policy and Program Review
(Glickman and Babbitt 1995), Director’s Order 18:
Wildland Fire Management, and Reference Manual 18:
Wildland Fire Management (NPS 2003). These docu-
ments outline the important uses of fire and fire manage-
ment in the National Park System, including “restoring,
mimicking, or replacing the ecological influences of natu-
ral fire, maintaining historic scenes, reducing hazardous
fuels, eliminating exotic/alien species, disposal of vegeta-
tive waste and debris, and preserving endangered
species”(NPS 2003). With this guidance, numerous NPS
units have developed fire management programs based
upon resource management objectives, including main-
taining the natural role of fire based on historical fire
regimes.

Policy of the National Park Service also includes fuels
management as an important component of fire manage-
ment. The Federal Wildland Fire Management Policy and
Program Review (Glickman and Babbitt 1995) and the
National Fire Plan (2001a) target fuels reduction as a pri-
mary goal. In 2002, 2.25 million acres (0.91 million ha) of
federal land managed by the Department of the Interior
and the USDA Forest Service were treated to reduce haz-
ardous fuels (National Fire Plan 2002). The National Fire
Plan’s 10-Year Comprehensive Strategy (National Fire
Plan 2001b) calls for increases in current levels of fuel
treatment, and many NPS units are currently developing
large-scale fuel treatment plans, particularly at the wild-
land and urban interface.
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Developing alternative strategies

National Park Service resource and fire managers must
weigh the benefits of fire and fire management strategies
against the risks of promoting invasive nonnative plant
species. Collecting data on how fire management prac-
tices promote nonnative plant invasion may provide
information necessary to modify existing fire manage-
ment practices. Policy and guidelines of the National Park
Service encourage evaluation and modification of man-
agement strategies through an adaptive management
approach. For example, the Strategic Plan for Managing
Invasive Nonnative Plants (NPS 1996) describes how
“Working together, scientists and resource managers
must gather sound scientific information, use the infor-
mation to develop management techniques, monitor the
results of the management activities, determine if clearly
stated objectives are being met, and modify activities as
indicated””

In order to develop information necessary to evaluate
fire management strategies, the USGS-BRD Sequoia and
Kings Canyon Research Station is conducting research on
the role of fire and fire management strategies in the inva-
sion of nonnative plants. One study investigates the role
of prescribed fire in the invasion of cheatgrass into Kings
Canyon National Park. Another study addresses the role
of fuels treatments in the invasion of nonnative plant
species throughout California. We hope these studies will
provide information that will assist resource managers in
modifying existing fire management
programs so they will continue to
meet their objectives while mini-
mizing the threat of nonnative plant
invasion.

USGS study of fire and
cheatgrass in Kings Canyon
National Park

In the 1980s the National Park
Service introduced prescribed
burning into ponderosa pine and
mixed-conifer forests of Cedar
Grove, a large glacially carved
canyon in the west end of Kings
Canyon National Park, California.
Within two decades, nearly all of
the Cedar Grove forests had been
burned with low intensity surface
fires. This ended an unnaturally
long period of more than a century
of fire exclusion from these forests
and was an important step towards
restoring a presettlement fire

regime. However, during this long period of fire exclu-
sion, a particularly aggressive nonnative annual grass
(cheatgrass, Bromus tectorum) had established in the
Cedar Grove area. Prior to the reintroduction of fire,
cheatgrass was most common in disturbance corridors
such as trails, roads, and areas of intensive stock use.
Unfortunately, these disturbance corridors served as ideal
fire lines for prescribed burning, and following pre-
scribed burns, cheatgrass rapidly spread throughout
Cedar Grove into large and small fire-caused openings as
well as other disturbed sites in the canyon. Alarm over
this invasion was sufficient enough to halt indefinitely all
further burning in these forests.

In order to investigate the spread of cheatgrass in Kings
Canyon National Park, the U.S. Geological Survey has
established a research program to better understand the
causal basis for cheatgrass invasion and how fire manage-
ment practices may affect this invasion process. Through
funding by the Joint Fire Sciences Program, and with the
cooperation of the Sequoia and Kings Canyon National
Parks’ fire management program, we initiated an intensive
experiment to evaluate prescription burning impacts on
cheatgrass spread (fig. 1). In this experiment we have
manipulated fuel loads, season of burn, shade, and plant
nutrients in order to better understand which fire-related
variables promote this species. To investigate the effect of
season of burn, we conducted prescribed burns after
cheatgrass seeds were dispersed in the fall and prior to

Figure 1. A USGS researcher records fire behavior as a prescribed burn moves through a cheatgrass plot
in Kings Canyon National Park. A data-logger records above- and below-ground temperatures from

thermocouples. USGS PHOTO BY TOM MCGINNIS
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cheatgrass seed dispersal in the spring. In order to inves-
tigate how fire temperatures affect the seed bank and
nutrients in the soil, we continuously measured tempera-
tures above and below ground during prescription burn-
ing, using electronic thermometers, or thermocouples.
We hope this information will indicate which variables
most strongly influence the invasion of cheatgrass, and
allow us to provide data to resource and fire managers
that will be useful in developing fire management strate-
gies that do not promote the spread of this invasive
species, and that may help to control it. Ultimately it must
be recognized that “natural” presettlement fire regimes
occurred in a landscape lacking the current pallet of alien
species. It may turn out that managers will be forced to
alter fire restoration objectives in order to accommodate
this new landscape.

USGS study of pre-fire fuel manipulation and
nonnative plant species

Another study being conducted by the USGS-BRD
Sequoia and Kings Canyon Research Station and funded
through the Joint Fire Sciences Program addresses the
role of fuel breaks in promoting the invasion of nonnative
plants. Fuel breaks are generally constructed to change
fire behavior, to provide firefighter access, as a starting
point for indirect attack on wildland fires, or to contain
prescribed fires (Agee et al. 2000).
We define fuel breaks as any area
specifically treated to reduce fuels,
including linear, cleared features, or

cate that the relative number, cover, and density of non-
native plant species are generally higher on the fuel break
than in the surrounding wildlands (fig. 2). However, each
site varied greatly in the number and relative dominance
of nonnative plants. One site we investigated near Lake
Tahoe contained no nonnative plant species, while other
sites had as many as 19 nonnative plant species, repre-
senting 88% of all plant species encountered on the fuel
break. This site-to-site variability suggests that individual
site conditions, including environmental and human-
caused factors, play an important role in the ability of
nonnative plants to invade. We will be investigating addi-
tional fuel breaks during the next two years to determine
which factors influence invasibility.

Management implications

Our data should indicate what types of fuel breaks are
most likely to promote nonnative plants. For example,
studies have shown that canopy cover is an important
factor in the establishment of nonnative plant species
(Rejmanek 1989). We are measuring canopy cover at each
of our sites, and we have negatively correlated canopy
cover with nonnative plant presence. By determining the
relationship between canopy cover and nonnative plant
presence in fuel breaks, we hope to develop recommen-
dations for canopy cover prescriptions within fuel breaks

Relative Nonnative Species Richness, Cover, and Density

large, thinned areas with some 35

canopy cover left intact (shaded

fuel breaks). Many federal agencies 30

are currently developing large-scale

fuels management programs to __ 25

reduce the spread of unwanted i

wildland fires, particularly at the & 20

wildland and urban interface E‘

(National Fire Plan 2001a). E 15 -
To examine the role of fuel breaks E

in promoting invasion by nonnative 10

plant species, we are investigating

fuel breaks in a range of plant com- 5

munity types across California,

including chaparral, mixed wood-

s On Fuel Break
e Off Fuel Break

lands, and coniferous forests. So far
we have visited 10 fuel breaks,
including several constructed along
the wildland and urban interface.

Ric hness Cover

Density

Figure 2. The USGS research compared the relative nonnative species richness, cover, and density on and

We investigated fuel breaks on NPS off a fuel break and found them all to be significantly higher on the fuel break than off it in the sur-

lands, in addition to fuel breaks
constructed by the USDA Forest
Service. Our preliminary data indi-

rounding wildlands. A statistical method known as an Analysis of Variance (ANOVA) was used to deter-
mine if plots were different on fuel breaks based on the amount of variation present in the data.
According to the ANOVA, the probability was less than 0.001 that the differences in nonnative richness,
cover, and density on fuel breaks had occurred by chance.
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that minimize the threat of nonnative
plant invasion.

Fuel break construction and mainte-
nance methods may also influence the
invasion of nonnative plants. Some fuel
breaks are constructed and maintained
primarily through mechanical means
(fig. 3), while others may be cleared by
hand or through the use of prescribed
burning. Many fuel breaks are construct-
ed and maintained using a combination
of mechanical clearing and prescribed
burning (fig. 4), and in some areas herbi-
cide application is part of the mainte-
nance prescription. In some areas fuel
breaks are being constructed through
on-site chipping or mastication of fuels.
These chipped fuels remain on the
ground or are removed by prescribed
fire. On-site chipping of fuels possibly
reduces germination of nonnative plants.
Our data should indicate which of these
construction methods and maintenance
regimes is least likely to promote nonna-
tive plant invasion.

Much of our analysis will investigate
the importance of landscape-level fac-
tors, such as proximity to roads and other
fuel breaks. Our results should provide
fire and resource managers with informa-
tion necessary to plan the strategic place-
ment of fuel breaks such that the risk of
nonnative plant invasion is minimized.

Conclusion

The mission of the USGS Biological
Resources Division is to work with oth-
ers to provide the scientific understand-
ing and technologies needed to support
the sound management and conserva-
tion of our nation’s biological resources.
Our research on the role of fire and fire
management strategies in the invasion of
nonnative plant species is intended to

Figure 3. Researchers examine a fire line constructed by bulldozer in the Shasta Trinity National
Forest, near Weaverville, California. USGS PHOTO BY KYLE MERRIAM

Figure 4. This shaded fuel break, called a defensible fuel profile zone, is located in Plumas National
Forest, California, and has been mechanically thinned and burned with a prescribed fire. USGS PHOTO
BY KYLE MERRIAM
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INVASIONS in the g¢_

By Andrew N. Cohen

Worm attack

Needing a base on the Pacific
Coast in 1852, the U.S. Navy
went searching for a site that was
“safe from attack by wind, wave,
enemy, and marine worms”
(Lott 1954). The attack worm
that worried the Navy was the
native Pacific shipworm, Bankia
setacea. Shipworms bore tunnels
in wood, severely damaging
wooden pilings and ship hulls.

The Navy built its base in the
northern part of San Francisco
Bay, where the water is too fresh
for the Pacific shipworm. No
enemies attacked until an
Atlantic shipworm, Teredo
navalis, which tolerates fresher
water than its Pacific cousin,
arrived in the bay. The Atlantic
shipworm multiplied rapidly and
proceeded in 1919 to bore its
way through the available habi-
tat, dropping wharves, piers,
ferry slips, and other maritime
facilities into the water at an
average rate of one major struc-
ture every two weeks for a peri-
od of two years (fig. 1). In cur-

rent dollars, the worm caused between $2 billion and $20

billion in damage.

Marine invaders

Many recent biological invasions have interfered with

7o / |

Figure 1. The collapse of the Benicia
wharf and customs house in San
Francisco Bay on October 7, 1920,
was caused by the Atlantic ship-
worm, Teredo navalis. FROM R. M. NEILY,
HISTORICAL DEVELOPMENT OF MARINE STRUC-
TURES IN SAN FRANCISCO BAY, IN “FINAL
REPORT OF THE SAN FRANCISCO BAY PILING
COMMITTEE” (1927).

human uses of the sea or dramatically altered marine Figure 2. Introduced from Asia in ballast water, Potamocorbula

ecosystems.

amurensis had become the most abundant clam in northern San
Francisco Bay nine months after it was noticed. ANDREW N. COHEN

+ The western Atlantic comb jelly Mnemiopsis leidyi, a

small, gelatinous, planktonic predator, became phe- in the northern part of San Francisco Bay (fig. 2).
nomenally abundant in the Black Sea in the 1990s. It Researchers estimated that virtually the entire water
contributed to the collapse of the sea’s fisheries by column was filtered by these clams between once and
eating up the crustacean zooplankton, a key link in the twice a day, essentially vacuuming the food out of the
food web. water. The clams also concentrate selenium in their
tissues, so that fish and birds that eat them are accu-

+ Within a year of its appearance, the Asian clam mulating selenium at levels that are known in experi-

Potamocorbula amurensis was the most abundant clam mental studies to cause reproductive defects.

VOLUME 22 « NUMBER 2 - FALL 2004




+ Dinoflagellates are micro-
scopic plankton that
sometimes become so
abundant that they color
the sea as “red tides”
These outbreaks can kill
invertebrates, fish, and
seabirds. Some dinoflagel-
lates produce neurotoxins
that accumulate in mussels
or clams consumed by
humans, causing paralytic
shellfish poisoning (PSP).
In recent decades, red
tides and PSP outbreaks
have been reported more
frequently around the
world and in areas where
they were previously

Seaweeds, sponges, barnacles,
clams, worms, and other
organisms can travel as “hull
fouling,” attached or clinging

unknown. At least some of these (in main- to the hulls of VE.‘SSG|S, or, like ."'1
land Australia and Tasmania, France, and shi pworms, burrowed inside
probably also New Zealand and Chile) wooden hulls.

apparently resulted from exotic dinoflagel-
lates discharged in ships’ ballast water.

San Francisco Bay demonstrates the extent to which
invasions can transform an ecosystem. More than 175
exotic marine and estuarine species have been identi-
fied, including the most common worms, clams, snails,
amphipods (a type of small crustacean), and
foraminifers (amoeba-like microorganisms) on the bot-
tom of the bay. Japanese zooplankton and European jel- ..; ;
lyfish have taken over in brackish waters. An Atlantic By
cordgrass is spreading through the bay’s salt marshes, 4=
dramatically altering habitat, threatening the existence
of native cordgrass, and altering the distribution and
populations of marsh-nesting birds. Chinese mitten
crabs have colonized the bay, with hundreds of thou-
sands crawling up the rivers in boom years (fig. 3).
Exotic species now dominate many of the estuary’s
biotic communities where they typically account for
40%-100% of the common species, up to 97% of the
total number of organisms, and up to 99% of the bio-
mass. And in recent decades they have been coming in
faster than ever, with about four new species becoming
established each year (Cohen and Carlton 1998).

On the move

Marine invaders are moved around the world by a
variety of mechanisms. Seaweeds, sponges, barnacles,
clams, worms, and other organisms can travel as “hull
fouling,” attached or clinging to the hulls of vessels, or,
like shipworms, burrowed inside wooden hulls (figs. 4
and 5). Many marine organisms are microscopic plank-
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ton that can be carried in a ship’s bal-
last water. Much marine aquaculture is
based on exotic species; some of these
are intentionally planted in the envi-
ronment, while others often escape
from the facilities in which they are
held, sometimes carrying exotic para-
sites or diseases. Saltwater species are a
small but rapidly growing sector of the
aquarium industry, and these organ-
isms sometimes escape from commer-
cial facilities or are released into the
ocean by their owners when no longer
wanted. Several species of marine fish,
shellfish, and algae have been released
by government agencies into new parts
of the world to establish or support

. : fisheri d ies h -
Although many marine mvaders have STCTIES, and SOmE agencies have con
sidered releasing exotic marine organ-

been found primarily in disturbed ‘ : isms as biocontrol agents. Other vec-
areas in harbors, bays, and estuaries, e : tors include the international transport

. specific invasion threats to open . ancfi saile of Clli\lz_e marine bait, ;ive )

seafood, and live organisms for researc

coastal and offsh_o re areas have been and education (fi, g)_
documented, indicating that even
these relatively pristine waters [of the Marine invasions and the
National Park System] may be at risk. National Park System

- The National Park System includes
more than 3 million acres (1.2 million
ha) of submerged ocean floor and about
4,500 miles (7,241 km) of ocean coast-
line. Although many marine invaders
have been found primarily in disturbed
areas in harbors, bays, and estuaries,
and thus may not affect most of the Park
Service holdings, within each region
specific invasion threats to open coastal
and offshore areas have been docu-
mented, indicating that even these rela-
tively pristine waters may be at risk.

In the Southeast, individuals and small
groups of Pacific lionfish (Pterois voli-
tans) have been sighted, photographed,
or collected from Florida to North

l I- ll‘ I 1 H ‘4 [" ] ‘, ¥ i [I_l l l I 1 Carolina, with additional records in
LA rrr : e Bermuda and New York (Whitfield et al.

Figure 3, top left. A truckload of Chinese mitten crabs, Eriocheir sinensis, being hauled away from 2002). These probably result from aquar-

the intake screens of the Central Valley Project water diversion in central California.

ium releases, and the evidence suggests
Figure 4, bottom left. Several species of exotic sea squirts, sponges, and bryozoans are shown that the lionfish is established and repro-
growing on a boat hull in San Francisco Bay. ducing there. In its native range the lion-

Figure 5, top right. The tubes of a subtropical, hull-fouling and reef-forming polychaete worm, fish is found on rock and coral reefs
Ficopomatus enigmaticus, in San Francisco Bay. down to depths of 164 feet (50 m). Its

Figure 6, bottom right. The Atlantic periwinkle, Littorina saxatilis, arrived in San Francisco Bay with VENomous spines proFect 1t ﬁjom preda-
shipments of Maine baitworms. ANDREW N. COHEN (4) tors and may pose a risk to divers.
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Another notorious aquarium release is the tropical
green seaweed Caulerpa taxifolia (fig. 7). An aquarium-
bred clone of this species became established in the
Mediterranean Sea in the 1980s, and now covers about
10,000 acres (4,050 ha). It grows over seagrass beds,
rocky reefs, and corals alike, ranging from quiet waters to
wave-pounded capes, and from near-surface waters to
295-foot (90-m) depths. Fishing and recreational diving
have both suffered. In 1998, I drafted a petition signed by
more than 100 scientists, seeking a prohibition on the
import and sale of this seaweed in the United States. It
was banned in 1999, but was discovered in two California
lagoons in the spring of 2000. An eradication effort based
on pumping chlorine beneath rubberized tarps laid over
the infested areas has cost more than $3 million to date.
Coral reefs in Florida, the Virgin Islands, Hawaii,
American Samoa, and Guam, and waters north to North
Carolina and California, could be vulnerable to invasion.

Also in California, a South African shell parasite, the
sabellid worm Terebrasabella heterouncinata, widely
infested abalone farms and escaped into the environment
in at least one site. This parasite can deform and halt the
growth of all West Coast abalone species—whose popula-
tions are already in rapid decline, with one near extinc-
tion—as well as other marine snails. It can invade habitats
from intertidal rocky shores to subtidal reefs, where
reducing snail populations could alter seaweed communi-
ties, thereby affecting habitat and food resources for
many other species.

Figure 7. The tropical aquarium seaweed, Caulerpa taxifolia,
overgrowing a rocky substrate in the Mediterranean Sea near
Monaco. ALEX MEINESZ

Atlantic salmon are raised in and regularly escape from
fish farms on both North American coasts. More than
100,000 Atlantic salmon escape from Pacific Coast farms
per year, and they are now established in the wild in
British Columbia (Volpe et al. 2000). Possible impacts on
both coasts include competition with native salmon and
the introduction of parasites or diseases to which native
salmon are not adapted, and in the Atlantic, the genetic
pollution of local stocks, leading to loss of fitness.

Finally, following the apparent overharversting of fish
and sea urchins in the Gulf of Maine, some rocky reefs
down to 66-foot (20-m) depths have become dominated
by exotic species, including green and red seaweeds and
two species of colonial sea squirts (Harris and Tyrrell
2001). Recently a third exotic sea squirt has been found
covering gravel, boulders, and bottom organisms on
Georges Bank at depths of 135 to 157 feet (41 to 48 m)
(USGS 2004) (fig. 8). In other regions they have invaded,
most of these species are typically found only in bays and
harbors. Thus, even organisms that are normally consid-
ered bay species may be capable of invading open waters
under the right conditions.

Managing invasions

Other than local removals of salt-marsh weeds, only
two successful eradications of marine invaders have
occurred. In northern Australia, a mussel became estab-
lished in three boat basins connected to the ocean by
lock systems; the government closed the locks for three
weeks and poured in biocides until everything in the
basins was killed (Bax 1999). In southern California, the
South African shell parasite discussed earlier was found
in the intertidal zone of one cove; approximately 1.6 mil-
lion intertidal snails were removed, reducing the host
density to a level that was too low to sustain the parasite
(Culver and Kuris 2000). The Caulerpa eradication effort

Figure 8. The European sea squirt Didemnum cf. lahillei has recently become estab-
lished in New Zealand, California, and New England, including parts of George’s Bank.
It is shown covering a rope in Sausalito, California. GRETCHEN LAMBERT
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mentioned earlier may ultimately prove to be a third suc-
cessful example.

However, the interconnectedness of ocean waters, the
huge number of easily dispersed young produced by
many marine organisms, and the difficulty of locating and
treating organisms in subtidal waters make eradication or
even significant control of most marine invaders a daunt-
ing task. The techniques typically employed on land—
applying herbicides and insecticides; trapping, shooting,
and poison-baiting animals; and applying the chemical
rotenone to ponds or lakes to kill off unwanted fish—are
inapplicable or ineffective for most marine organisms.
Furthermore, with new invaders arriving at a rapid rate,
resource managers could not implement the number of
control efforts needed to contain them all even if effective
methods were available.

Fortunately, there are some things we can do to sub-
stantially reduce the transport and release of exotic
marine organisms and prevent many of them from arriv-
ing in the first place. First, intentional importations and
releases should be subjected to rigorous, public review
before being allowed and, if allowed, should include pre-
cautionary procedures to prevent the accidental intro-
duction of parasites or other associates. These standards
have probably been met for the few government releases
of exotic marine organisms considered in recent years.
However, such standards are not applied to the importa-
tion and handling of exotic organisms intended for use in
aquaculture, in the aquarium, for live bait, as seafood, or
in research or education. An essential step is changing the
federal management of imports from the current “dirty
list” approach, which allows the importation of any
organism unless it is proven to be dangerous, to a “clean
list” approach in which exotic organisms proposed for
importation under a set of procedures must be shown to
be safe (as recommended by the U.S. Fish and Wildlife
Service 30 years ago).

Second, we must reduce as far as possible the number
of exotic organisms unintentionally transported with
ships in ballast water and hull fouling. As of this writing,
30 years after the United Nations first recognized the bal-
last water problem, federal agencies still do not bar ships
from dumping exotic organisms into U.S. marine waters.
This is not because the problem is especially complex:
killing or removing organisms that are contained in tanks
of water is simple compared to most environmental chal-
lenges. And though several existing federal and state laws
could limit the discharge of exotic organisms in ballast
water, agencies have not made use of them (Cohen and
Foster 2000). Controlling the transport of organisms
attached to the hulls of ships is more