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1 Editor’s introduction
David Harmon, The George Wright Society, P.O. Box 65, Hancock, Michigan 49930-

0065; dharmon@georgewright.org

“Crossing Boundaries in Park Management: On the Ground, In the Mind, Among
Disciplines,” the George Wright Society’s biennial conference, was held in Denver,
Colorado, April 16-20, 2001. This was the 11th in a series of conferences dating back
to 1976. They have been organized since 1982 by the GWS. The next (12th) confer-
ence will be in San Diego in April 2003.

The Denver meeting drew over 730 people, the largest attendance since the 2nd
conference in 1979. To judge from the comments received on the conference evalua-
tion questionnaire, it was an extremely productive and rewarding week for the par-
ticipants. There were four plenary sessions, 70 concurrent sessions, a poster and
computer demo session that drew 60 presenters, and numerous side meetings and
special events. In all, over 300 presentations were made during the week. The GWS
conference has grown over the years to become the USA’s largest interdisciplinary
professional meeting on protected areas.

This proceedings volume contains the 71 papers that were received before the
submission deadline. I think they give a good idea of the range of conference. My role
as editor has been to set the order of the papers and copyedit them.

By prior arrangement, the papers presented in the conference’s concurrent session
#50, titled “Passport to the Future: Crossing Boundaries in Managing Recreational
Use of National Parks and Related Areas,” were published in the Society’s quarterly
journal, THE GEORGE WRIGHT FORUM (Volume 18, Number 3, September 2001).
The concurrent session was organized by Robert Manning, and he guest-edited the
theme issue of the journal. The papers included are:

• Introduction: crossing boundaries in managing recreational use of national parks
and related areas / Robert Manning

• Crossing experiential boundaries: visitor preferences regarding tradeoffs among
social, resource, and managerial attributes of the Denali wilderness experience /
Steven Lawson and Robert Manning

• Integrating resource, social, and managerial indicators of quality into carrying
capacity decision-making / Peter Newman, Jeffrey L. Marion, and Kerri Cahill

• Managing national parks in a multicultural society: searching for common ground
/ Myron F. Floyd

• Integrating subsistence use and users into park and wilderness management /
Daniel Laven, Robert Manning, Darryll Johnson, and Mark Vande Kamp

• Norm stability: a longitudinal analysis of crowding and related norms in the wil-
derness of Denali National Park and Preserve / James Bacon, Robert Manning,
Darryll Johnson, and Mark Vande Kamp

• Crossing methodological boundaries: assessing visitor motivations and support
for management actions at Yellowstone National Park using quantitative and
qualitative research approaches / William Borrie, Wayne Freimund, Mae Daven-
port, and Robert Manning

• Thinking and acting regionally: toward better decisions about appropriate con-
ditions, standards, and restrictions on recreation use / Steven F. McCool and
David N. Cole
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• Diversity in outdoor recreation: planning and managing a spectrum of visitor
opportunities in and among parks / Cynthia Warzecha, Robert Manning, David
Lime, and Wayne Freimund

• Conserving recreation diversity: collaborating across boundaries / Glenn E. Haas
• Crossing programmatic boundaries: integrative approaches to managing the

quality of the visitor experience / Megha Budruk, Daniel Laven, Robert Manning,
William Valliere, and Marilyn Hof

As with all back issues of THE GEORGE WRIGHT FORUM, this one is available to
download from the GWS Web site (www.georgewright.org) as a series of PDF files.
Hard copies and CD editions are also available for purchase from the Society. The
same goes for this proceedings volume. Orders can be placed over the Web site using
a secure order form.

Without volunteers working with the GWS, these conferences could not take
place, and we are indebted to many people for their help in Denver. We had invalu-
able assistance from many National Park Service employees there, but no one was
more helpful than Bruce Heise, who assisted with most of the local arrangements and
field trips. We also would like to mention the following people who volunteered to
help with field trips, the registration desk, and A-V equipment: Leslie Armstrong, Jeff
Connor, Tim Connors, Karl Cordova, Theresa Ely, Mark Flora, Larry Gamble, Judy
Geniac, Joe Gregson, Roy Irwin, Therese Johnson, Pat Kenney, Ryan Monello,
Bruce Nash, Anne Poole, Jean Rodeck, Dave Shaver, David Vana-Miller, Judy Visty,
and Ted Weasma. Chuck Rafkind was once again our conference photographer par
excellence. Others, too numerous to mention, gave help in planning and carrying out
the conference. Our thanks go out to them all.

Finally, we are very grateful to our co-sponsors and supporting institution, and to
the persons within them who helped arrange funding: National Park Service, natural
resources (Mike Soukup, John Dennis); National Park Service, cultural resources
(Kate Stevenson, John Robbins); U.S. Geological Survey Biological Resources Divi-
sion (Denny Fenn); and Eastern National (Chesley Moroz). Without their steadfast
support, these conferences could not happen.

David Harmon
Executive Director

The George Wright Society
November 2001
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2 Crossing boundaries in park management:
conference opening remarks

Bob Krumenaker, Valley Forge National Historical Park, P.O. Box 953, Valley
Forge, Pennsylvania 19482-0953; bob_krumenaker@nps.gov

Welcome to the biennial conference of the George Wright Society, the 11th Con-
ference on Research and Resource Management in Parks and Public Lands.  The
George Wright Society has been the sponsor and principal organizer since the third
conference.  I’m Bob Krumenaker, president of the George Wright Society.

I would like to express my appreciation to the conference co-sponsors, the natural
resources and cultural resources directorates of the National Park Service
(NPS)—thanks, Mike Soukup and Kate Stevenson—and the U.S. Geological Survey
Biological Resources Division (USGS-BRD)—thank you, Denny Fenn.   Also to East-
ern National (thank you, Chesley Moroz), who is also providing financial support,
and the many volunteers from the Denver area, local NPS areas, and beyond, who
will be working behind the scenes.

This conference has evolved in a remarkable way since the early days.
In its early years, this was primarily a meeting of National Park Service natural re-

source specialists and research scientists, who put aside their own squabbling every
two years to get together in search of common ground. While they disagreed on many
things, the scientists and resource specialists could agree on one thing: if only park
managers (those people) would listen to them, things would be different.

Now, however, this has become the pre-eminent meeting of not just those inter-
ested in park-related natural resource issues, but also cultural resource professionals,
superintendents, and other managers.  It is widely regarded as the place to put forth
and debate ideas about how to most effectively protect parks and other protected
areas, using the best science and scholarship. The presence of park managers as well
as the specialists makes this a meeting where common ground is about we, not about
them.

I want to share a little about the Society, something we have not talked much
about in these conferences in the past.

As the conference has evolved, so has the George Wright Society, to be widely
and internationally recognized as the most important organization of park and
protected area professionals of all disciplines.  Our niche is to bring people together,
to foster the network of people and the places we care about so deeply.

We organize this conference, we publish The George Wright Forum, and in the
last year have branched out to provide conference-organizing services to the NPS and
other agencies.  Our membership consists primarily of NPS and BRD professionals,
academics, and a small number of folks of similar interests from other U.S. and inter-
national agencies and organizations.

I’d like to ask all those of you who support this idea of exchanging the best ideas
on park research and resource management, to stand.  Congratulate each other: what
you do and what you believe in, is a high and honorable calling.  Please stay standing.

Those of you who are members of the George Wright Society, please remain on
your feet.  There are 722 of you around the world, a good percentage in this room.
On behalf of the Society, I thank you.  And I ask that those of you who join every
other year in order to lower the price of your conference registration to now consider
re-upping in non-conference years. The rest of you, I invite you to join these
outstanding people and this organization.  You clearly support its goals, or you would
not be here.  If you want to see these gatherings and the work of this organization



Conference opening remarks                                                                                                      

12 Proceedings of the 11th Conference on Research and Resource Management

continue, we ask for your membership in addition to your participation in our
conferences.  (It does take money to do all this good work, so your membership
helps.)  You can sit now.

Members get to determine the direction of the organization and help assure the
future relevance, and hopefully success, of our collective goals.   Members, of course,
vote for the Board, and are encouraged to run for the Board, and be part of the lead-
ership team.

To extend a welcome on behalf of the co-sponsoring agencies, I am delighted first
to introduce Karen Wade, NPS Intermountain regional director and a great supporter
of the GWS and exemplary park resource management. [Karen Wade spoke briefly.]

Now I’m pleased to introduce Denny Fenn, chief biologist of the USGS-BRD, for-
mer NPS scientist and natural resource program manager at the highest levels, board
member of the GWS, and member of the conference committee. [Denny Fenn spoke
briefly.]

Finally, to introduce our opening plenary speaker, Nora Mitchell, director of the
NPS Conservation Study Institute and also a member of the conference committee.
[Nora Mitchell introduced David Lowenthal, geographer, historian, and biographer
of George Perkins Marsh, who gave the opening plenary address: “Repair the past,
reform the future: the watershed stewardship of George Perkins Marsh.”]
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3 Managing what you don’t own: the special
challenge of marine protected areas

Brad Barr, National Oceanic and Atmospheric Administration / National Ocean
Service / National Marine Sanctuary System, c/o U.S. Geological Survey, 384
Woods Hole Road, Woods Hole, Massachusetts 02543; brad.barr@noaa.gov

The implications of ownership
When you own the land, things are different. In the “bundle of sticks” analogy

widely used to describe ownership rights, “fee simple” ownership means you get the
whole bundle, the right to decide what happens on that piece of ground. While this
control is not absolute, as society places certain restrictions on private landowners in
the form of zoning, environmental protection standards, and other community stan-
dards that protect public health and safety, landowners are able to decide who can
use the land, or not, and whether to sell off or lease some of those rights conveyed by
ownership to others.

Lands that become our parks and preserves are generally acquired by govern-
ments through purchase or donation. This fee-simple ownership of public parks and
other conservation lands provides the clear and unambiguous authority needed to
manage lands effectively. If we had to manage parks that were mosaics of privately
owned lands, we would have to collect the owners of each parcel every time some
management decision had to be made and get the owners to agree to allow that action
to occur on their corner of the park. Sounds like a pretty inefficient and cumbersome
process, but in some ways, this is what is done when marine protected areas (MPAs)
are designated and managed.

Unlike the land, marine waters are already owned by the public, so we need not
purchase them in order to protect resources there. While government programs are
created to act on behalf of the public in managing these areas, the public retains some
important role in guiding management decision-making for these areas. As such, they
should, as the owners, be provided opportunities to help guide how these marine
areas are managed and protected. Like public lands acquired to create parks and pre-
serves, marine areas are public waters and the interests of the public, the owners,
must be integrated into any successful management philosophy for marine protected
areas.

Ownership-based management
Most protected areas management decisions are justifiably below the radar of

public review. One of the primary jobs of the on-site manager is to manage the day-to-
day operations. Most protected areas managers are called to this work as a kind of
vocation, and, motivated by this calling, it is almost inevitable that they develop a
sense of ownership of the area and its resources. This sense of ownership helps fuel
the long hours and dedication to the agency mission that are so critical to getting the
job done. One wonders what sort of parks, preserves, and sanctuaries we might have
if we didn’t hear the managers routinely refer to where they work as “my park” and
“my sanctuary.”

Some public lands managers have taken the position that even major management
decisions could appropriately be made without aggressively seeking specific input
from the public, except to satisfy public review process requirements. The thinking
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behind this may be that Congress represents the public when they set up management
programs for public lands, and the professional lands manager hired to implement
this program brings needed expertise to make these decisions in the interest of the
public. Many sound and well-reasoned decisions can be—and have been—made by
managers using good judgment and the best available science, the manager acting as a
kind of proxy landowner. Often such decisions are made in the face of opposition
from a small vocal minority of local users of that area who feel they would be
adversely affected by the decision. Having a sense of ownership may make the man-
ager feel more confident in taking a locally unpopular, but in his or her view fully
justified, decision. Operating under this management philosophy—what could be
termed “ownership-based management”—the public, who in most cases must be
coaxed to participate in the process of management of public lands and waters, be-
comes a silent majority whose interests are represented by the manager. Ownership-
based management clearly works best in an atmosphere of trust.

However, the last few decades of U.S. history have made the public less confident
that “the government” is representing their interests effectively. Managers sometimes
are viewed by the local community as faceless bureaucrats implementing policies
made a world away inside the Beltway, and over which they or the on-site managers
have little direct influence. These site managers are perceived as being less directly
accountable to the public, and because they have been managing protected areas with
little direct public involvement, they may not be well known. Nor is it likely that they
have had the opportunity to build a relationship of trust with any constituency, or the
more valuable commodity of a reputation for being worthy of the public’s trust. The
public may see the protected areas manager only when a problem arises, and so they
tend to associate the protected area with problems.

In addition, in this age of information, there is a greater perception among citizens
that natural areas are threatened (or their interests are threatened) and they need to
get more involved. This same technology is facilitating the public’s ability to get more
involved, especially through the web and e-mail. Therefore, the management of
public lands has been drifting ever more rapidly toward more owner involvement.

There is another perhaps more insidious problem with relying on the minimal
application of the public comment process, as it is often currently implemented, to
guide management decisions. It doesn’t take long for any manager to know who is
likely to comment when a notice is published. It is generally resource users, who are
protecting some economic interest, and environmental organizations, who are repre-
senting their membership. Depending on the situation involved, there may be others,
but certainly without actively seeking out a broader perspective, it is unlikely to come
by itself. The limited viewpoints may encompass the opposite ends of the spectrum of
potential comment, but is unlikely to include the vast middle ground. This is one of
the reasons why we now define “consensus” as when both sides are equally unhappy.
Without some sense of where the public is on some issue, the process may simply
result in splitting the difference between the extreme views and hoping for the best.
However, what we can and are likely to end up with in such a process is less than
what is needed to get the job done (Wuerther 1999), but enough to agitate both the
users and the environmental organizations. Do this often enough, and credibility
erodes.

It’s different in the water…
Public waters have rarely, if ever, been managed under an ownership-based phi-

losophy. Managers of public waters have always known who owned the ocean. There
is a long history of public ownership of coastal and ocean waters since the 13th

century. While archaic and a bit complex, the public ownership of marine areas and
resources is very clear and relatively straightforward (see Scott 1988, Archer and
Jarman 1992, Britton 1997, and Burger and Gochfeld 1998 for background regard-
ing the history of ownership of marine and coastal waters). However, there are ele-
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ments of the “public” out there asserting some perceived ownership of these areas
and the resources they support. This seems particularly true of those from the com-
mercial fishing industry who have been exploiting specific fishing grounds for gen-
erations and seem to have taken the position that they have acquired ownership rights
as a result of the longevity of this activity—a kind of ownership by adverse possession.
While the courts in the USA have consistently reasserted the public’s ownership of
marine areas and resources when it has been challenged by the fishing industry
(Downs, unpublished memorandum), these “rights” seem to be raised in every
controversy, and what could be viewed as political expediency has caused the
government to recognize these asserted “rights” and even provide compensation for
their loss. If any MPA manager has developed inclinations toward an ownership-
based management philosophy, challenges to clear title have made implementation of
that philosophy nearly impossible. This is probably why most of the truly bold and
innovative management of protected areas has occurred on land ... at least up to this
point.

Toward a stewardship-based management philosophy for MPAs
The successful strategies for management of public waters have been more col-

laborative, transparent, and inclusive than what has generally been used on land, at
least in the past. The National Marine Sanctuary System, with almost 30 years of
experience in marine protected areas, has learned much about how to effectively
manage them. Part of whatever success the sanctuary system has attained can be
linked to what could be called a “stewardship” management philosophy. It promotes
and maximizes owner involvement in the management of designated sanctuaries and
in the evaluation of potential new sites, clearly recognizing that these areas are com-
mon property and the more advice that can be solicited from the owners —and as
broad a cross-section of them as possible—the more certain sanctuary managers can
be about the directions taken in site management and expanding the system.

Strategies for increasing owner involvement
In the management of an MPA there are a multitude of opportunities to maximize

owner involvement. While they all take time, money, and staff support, the benefits
accrued almost certainly outweigh the costs.

Form and fully use advisory committees. Advisory committees afford tremen-
dous opportunities to interact with others who have some interest in the site and its
operation. They can allow site managers and staff to develop relationships with rep-
resentatives of constituencies, hopefully creating “champions” within those constitu-
encies to advocate for the MPA within those organizations and groups, but at a
minimum identifying a person responsible for ensuring that communication happens
between the constituency and the MPA manager and staff.

Advisory committees involve considerable challenges, however. For federal pro-
grams, there is the issue of the Federal Advisory Committee Act, or FACA. FACA
was established, in large part, to be sure that advisory committees are established only
when they are truly needed. The clear need for owner involvement has been
recognized for MPAs, and Congress went so far as to exempt the National Marine
Sanctuary System from the requirements of FACA. However, other federal MPA
agencies are still subject (unless they too have a special exemption from Congress) to
FACA and this adds a significant administrative burden on the program if they decide
to empanel an advisory committee.

Establish volunteer programs. Nothing builds a sense of community around an
MPA more than getting owners involved up close and personally. Sometimes even
the most ardent critic will become an enthusiastic supporter after he or she has a
chance to get wet, get dirty, and get something accomplished. The sites of the Na-
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tional Marine Sanctuary System have a number of excellent volunteer programs. Two
examples include:

• In the Florida Keys National Marine Sanctuary, the group “Team Ocean”
goes out on the water and provides information about the sanctuary to visi-
tors, and keeps watch over sensitive resource areas.

• “Beach Watch” and “SEALS” are two groups of volunteers at the Gulf of the
Farallones National Marine Sanctuary that do surveys of beaches and coastal
areas, collect valuable information on presence of tar balls and debris,
strandings of marine mammals, visitor use, and a host of other useful
information. They receive at least eighty hours of training (more over time)
and represent a resource of incalculable value to the sanctuary.

Dive teams, volunteer water quality monitoring programs, natural resource interpret-
ers, and visitor center docent programs can all be great focus points for volunteer
involvement.

Education, outreach, and “in-reach.” The goal of any MPA should be to de-
velop an informed constituency. The need for effective education and outreach is
obvious. Technology is available and continues to emerge that will assist in this effort,
including such things as live webcasts of underwater activities at the site, list servers,
and web-based forums that provide opportunities to increase the size of the MPA
community. These technologies help resolve the problem of reaching out to as much
of the public as possible. The web generally provides a great vehicle to share
information with a community of support that covers a broad geographic area.

Like outreach, “in-reach,” or keeping the agency leadership well informed, is also
critical. The swirl of controversy around MPA discussions related to new designa-
tions or major management decisions is almost a certainty. Having good lines of
communications open and working can help sustain support of agency leadership if
they are aware of the good things going on as well as the problems. Providing agency
leadership the opportunity to participate in celebrations of successes, and other
positive events are also appreciated, and provide opportunities for personal contact
with leadership.

Collaborative management. In these days of limited staff and budgets, no one
agency can afford to carry the full burden of management of most MPAs. In addition,
more emphasis is being placed on establishing networks of MPAs (Barr, in press).
Developing partnerships with other agencies, non-governmental organizations, and
user groups can help to bring more resources and cultivate support for site initiatives.
Along with the obvious economies of scale, establishing a network of managers can be
useful to share good (and bad) ideas to implement (or avoid), as well as to possibly
gain access to personnel with expertise in areas that may not be represented on staff.

Good research to support good management. Good research is essential for
successful MPA management. Most of what we deal with in the marine realm is
fraught with uncertainty, and in order to provide the best chance of implementing
management measures that are appropriate and necessary to protect site resources,
“best available science” must be developed and used. In the marine environment, the
costs involved in acquiring good science may be very expensive, but strategic part-
nerships with universities and agency scientists can help considerably.

Things managers must learn to accept. If there is a downside to increasing
owner involvement, it is that the way business is done may have to change. Every-
thing you do will take longer. The time involved in getting and keeping the public
engaged in management discussions is considerable, and reaching consensus once
you have everyone engaged is not inconsequential with regard to time. Many delib-
erations simply cannot be rushed, so it is incumbent on managers to get issues on the
table as early as possible and effectively facilitate discussions to ensure they are as
efficient as possible. Wasting time in the weeds collectively spinning your wheels is
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not an essential part of the consensus-building process. Educating agency leadership
about the longer times required for collaborative processes may also present some-
thing of a challenge.

The other inescapable reality is that you may not get what you want. You should
be involving the public to ensure the owners have the opportunity to guide your
stewardship of the site, not looking for them to simply rubber stamp your view. In
order to ensure that you get what you need, you want to determine if some minimal
set of management actions are necessary to achieve some goal, and make this clear
when the issue is shared with constituencies. Provide a number of options that will
achieve the goal, rather than expect to develop the answer out of whole cloth as a
result of the public review. To quote some rock and roll philosophers, the Rolling
Stones, “You can’t always get what you want, but if you try, sometimes you get what
you need.”

Definition of “public” and some observations on getting out of our own way.
Public waters are “common property,” or, perhaps more appropriately, “state prop-
erty” (Burger and Gochfeld 1998). It is important to clearly articulate who we mean
by the “public”—those who have common ownership of these resources. Too often,
the groups that become the “public” are those who feel they have the greatest stake in
the outcome of management decisions, who advocate a special interest and represent
some constituency who shares that interest. While there is no doubt these people are
“part-owners,” they represent only a tiny minority of the true public. For federal
protected area programs, the public is made up of the citizens of the USA. That
means that managers of public lands and waters should be interested in the views of
all the owners, no matter what part of the country they are from or what interests they
might have. Local users and interested citizens have enhanced access to managers
(and more opportunities to make their position known) and there seems to be a false
perception that proximity to a nationally significant resource imbues the locals with
some special status regarding that particular piece of public land or water. Sometimes
the interests of the local community conflicts with the interests of the larger national
community, and care must be taken to address this potential conflict. Managers have
a duty to seek out the full spectrum of opinions and interests of the public, and give
those perspectives due consideration in deciding which management action is
appropriate. National surveys on public attitudes regarding marine conservation and
MPAs have been conducted by environmental groups and provide much useful
information, offering some insight into where the public is on this issue. It might be
more useful and appropriate, however, for MPA agencies to commission their own
independent survey or surveys. With the establishment of a National MPA Center
and thematic institutes for science and training and technical assistance (under the
authority of the MPA Executive Order #13158, issued May 2000), this is a task the
National Center might consider undertaking. Getting the bigger picture of owner
attitudes and views is not an easy task, but an essential one.

Finally, governments and agencies should review their policies and procedures to
ensure that they facilitate rather than impede ownership involvement. One such
process already discussed is FACA, which clearly can make soliciting advice from the
public more difficult. Another possible impediment is the Paperwork Reduction Act.
While the goals of this process are well meaning and perhaps justified in keeping the
government from subjecting the public to a multitude of burdensome and intrusive
forms requesting information, it may have the effect, by creating a lengthy and
complicated approval process for seeking out the advice of the public, of making
agencies think twice when they feel they could use some enhanced owner involve-
ment. The public should have every opportunity to provide advice if they are moved
to do so. No one should be compelling any citizen to provide input if they are not
inclined to do so, at least in the realm of managing protected areas. Governmental
processes and policies should make the free exchange of information and ideas as
easy as possible. The more open the process is and the more opportunities the public
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has to participate, the more confident managers can be that their stewardship of
public lands and waters reflects the aspirations and views of the owners.

The views expressed herein are those of the author and are not meant to reflect in any
way policies, positions or views of the Department of Commerce, NOAA, or any of its
sub-agencies.
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4
Site conservation planning for the Potomac River
Gorge: A partnership between two national parks
and The Nature Conservancy

OLIN ALLEN, The Nature Conservancy, Maryland/D.C. Chapter, c/o National Park
Service, 4598 MacArthur Blvd. NW, Washington D.C. 20007; oallen@tnc.org

DAN SEALY, George Washington Memorial Parkway, c/o Turkey Run Park, McLean,
Virginia 22101; dan_sealy@nps.gov

DIANNE INGRAM, Chesapeake & Ohio Canal National Historical Park, P.O. Box 4,
Sharpsburg Maryland 21782; dianne_ingram@nps.gov

STEPHANIE FLACK, The Nature Conservancy, Maryland/D.C. Chapter, 5410
Grosvenor Lane, Suite 100, Bethesda Maryland 20814; sflack@tnc.org

The National Park Service (NPS) and The Nature Conservancy (TNC) are jointly
planning for the conservation of natural resources at the Potomac Gorge, located in
and near Washington, D.C. The planning process entails the integration of NPS’s
inventory and monitoring (I&M) program and TNC’s site conservation planning
(SCP) process.

Conservation importance of the Potomac Gorge
Despite its urban location, the Potomac Gorge is one of the most significant natu-

ral areas in the National Park System. It extends for 15 miles along the Potomac River
from above Great Falls to near Theodore Roosevelt Island, and incorporates sections
of Chesapeake and Ohio Canal National Historical Park and George Washington
Memorial Parkway.

Because of its unusual hydrogeology, the gorge is one of the country’s most bio-
logically diverse areas, serving as a meeting place for northern and southern species,
midwestern and eastern species, and montane and coastal species. The extraordinary
diversity of the site is exemplified by the 400 occurrences of 200 rare species that
have been found there.

In addition, over 25 discrete vegetation communities have been identified in the
gorge. Of particular significance are the scoured bedrock floodplain and terrace
communities, which are more extensive and well preserved at this site than anywhere
else in the USA. Several of these have been tentatively ranked as globally rare.

Joining forces
TNC’s long-standing interest in the rare species and communities of the gorge led

it to approach NPS about a cooperative planning process that would provide the
strongest possible conservation of the site’s natural resources, while meeting the pro-
grammatic needs of both organizations. Recognition of this novel approach and the
gorge’s exemplary biodiversity led to the awarding of an NPS grant in 2000 to sup-
port cooperative planning. This project is presently underway and is scheduled for
completion in August 2001.

The planning processes
NPS and TNC have similar approaches to planning for the conservation of bio-

logical diversity: I&M and SCP, respectively. Here’s how the terminology compares:
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I&M SCP
• focal resources
• system health
• stressors
• conceptual modeling
• indicators / monitoring

• conservation targets
• viability assessment
• threats analysis
• conceptual models
• measures of success

I&M and SCP differ in several ways, including the types of focal resources or con-
servation targets that are considered, and the sequencing of planning. SCP also places
a strong emphasis on involving key stakeholders—local governments, nongov-
ernmental organizations, user groups, etc.—in plan implementation. This emphasis
was a key factor in the decision to use SCP as the planning model for the Potomac
Gorge, where there are many well-connected, vocal stakeholders adjacent to or near
the site.

SCP’s “Five-S” Framework
TNC’s SCP process is built on the “Five-S” framework:

• Systems. Systems are the species, communities, and ecosystems, and the
natural processes that sustain them, that embody the overall biodiversity of
the site. Known as “conservation targets,” they organize our thinking about
the site and serve as the focus of the plan. We conduct viability assessments
of the targets in order to rank their baseline health, against which future
changes can be measured.

• Stresses. Stresses are factors that degrade the viability of conservation tar-
gets. We concentrate on the most important stresses that result directly or
indirectly from anthropogenic causes, and which are currently active or
likely will be in the next 10 years.

• Sources. Sources of stress are the causes of the degradation of target viabil-
ity. Sources can either be active—expected to deliver additional stress in the
future—or historical—having previously caused stress that still persists. We
identify both proximate and ultimate sources of stress.

• Strategies. Strategies are the types of conservation activities deployed to
remove sources of stress (threat abatement) and to diminish or eliminate
persistent stresses (restoration), both of which serve to enhance target vi-
ability.

• Success. Success measures gauge progress towards sustaining or enhancing
the viability of conservation targets, as well as progress towards abating
threats to that viability.

Systems (conservation targets) at the Potomac Gorge
The systems or conservation targets selected for the gorge—equivalent to focal re-

sources in I&M—are as follows:

• Riparian communities. These are communities at lower elevations along
the river that are flooded more frequently (most having a flood return fre-
quency of less than 25-30 years, with many less than 2-3 years), and are
therefore dominated by species typically associated with floodplains. The
target consists of both rare riparian communities (e.g., channel shelf xeric
savanna, annual herb hydric depositional bar) and plant species (e.g., sweet-
scented Indian plantain, Synosma suaveolens, and Virginia mallow, Sida
hermaphrodita).
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• Terrace communities. These are communities at higher elevations along
the river that are flooded less frequently (most having a flood return interval
greater than 2-3 years, with many greater than 25-30 years), and are there-
fore dominated by species typically associated with uplands. The target
consists of both rare terrace communities (e.g., bedrock terrace rim xeric
forest, riverside bedrock outcrop/cliff community) and plant species (e.g.,
woolly three-awn, Aristida lanosa, and buffalo clover Trifolium reflexum).

• Upland forest blocks. Five large, intact tracts of upland forest—Great Falls
Park, Turkey Run Park, Riverbend Park, Scotts Runs Nature Preserve, and
the Gold Mine Tract—are found at the site. These forest blocks provide
habitat for a number of state-listed rare plant species, as well as bird species
that have been identified as conservation priorities by the Partners in Flight
(PIF) program. In addition, these blocks support significant populations of
more common forest species that have significantly declined throughout the
eastern USA because of the extensive destruction of forests and the frag-
mentation of much of what remains.

• Tributary stream systems. Nearly 25 tributaries flow into the Potomac
River within the site. Most are first- and second-order streams that drain
small watersheds. As aquatic habitats, these streams harbor fish and inverte-
brates not found in the river or in wetlands at the site. Their watersheds in-
tegrate conditions on much of the land adjacent to the site, which are re-
flected in the physical, chemical, and biological status of the streams as they
flow through the site.

• Rare groundwater invertebrates. The site harbors numerous occurrences
of rare subterranean groundwater invertebrates, most notably amphipods in
the genus Stygobromus. These species are rare globally or within the state,
and are either endemic or narrowly limited in distribution. Their spring and
seep habitats are a distinctive natural component of the site, and the gorge is
generally regarded as a rich “hotspot” for this fauna.

• Anadromous and semi-anadromous fish. American shad, hickory shad,
striped bass, and white perch are species that spawn principally in the main-
stems of major rivers at the head of tidal influence, and thus are diagnostic
for the lower end of the gorge. They can be considered keystone species in
this stretch of the river, where the eggs, fry, and adults serve as an important
food source for other fish and for a variety of invertebrates, birds, and
mammals.

• Wetlands. The Gorge harbors a profusion of wetlands of many types. De-
pressional wetlands resulting from scouring are especially conspicuous, as
are springs and seeps that emerge from both shallow and deeper ground-
water sources. Nonetheless, little is known about the site’s wetlands, and as a
result they are not being actively developed as a target. Funding is being
sought to remedy this information gap.

Stresses and sources of stress
SCP next examines the impacts of stresses on the size, condition, and landscape

context of targets. We then rank the severity and scope of impact of each stress on
each target to ensure that we concentrate on the most significant stresses. Stresses are
equivalent to I&M stressors.

The planning process then considers what sources are most responsible for im-
pairment of target viability. We rank each source’s degree of contribution to a stress,
and the irreversibility of that stress, to ensure that we concentrate on the most signifi-
cant sources. Both NPS and TNC use conceptual ecological models to illustrate the
relationships between stresses and sources. The consideration of stresses and sources
in combination, sometimes known as “threats analysis,” is equivalent to the I&M
stress/response relationship.
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A highly customized spreadsheet application has been developed by TNC to as-
sist in evaluating the complex interplay of stress ranks and source ranks and com-
bining them in various ways. The result is a summary that provides the overall rank of
threats and the overall threat status for each target. For the Potomac Gorge, the
results are as follows:

Targets Threat status

riparian communities medium

terrace communities medium

upland forest blocks high

tributary stream systems very high

rare groundwater invertebrates low

anadromous / semi-anadromous fish low

wetlands —

Sources Threat rank

roads / utility corridors high

residential / commercial / office development high

cultural resources high

park facilities / operations / maintenance / use high

deer browsing high

invasive / alien species medium

parasites / pathogens medium

wastewater treatment low

overfishing low

municipal water withdrawals low

agricultural practices low

pipeline operations low

Conservation strategies
At this stage, the SCP process goes beyond the bounds of the I&M program. The

SCP next considers actual means of managing the conservation targets in order to
sustain their viability. For NPS, this step more properly falls under the parks’ larger
natural resource management programs.

In general, TNC takes three broad approaches to the development of conservation
strategies:
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1. Land and water conservation  includes acquisition of full or partial interest in
land or water, as well as on-the-ground management of plants and animals
and restoration of habitat.

2. Public policies include those at the local level, such as zoning; the regional
level, such as the Chesapeake Bay Agreement; and the national level, such as
the Endangered Species Act.

3. Compatible economic development can range from ecotourism to sustainable
forestry, fishing, or other forms of consumptive use that still sustain target
viability.

Again, these are ranked according to benefits, feasibility, probability of success, and
costs of implementation in order to focus on the most significant.

Development of conservation strategies for the Potomac Gorge is currently un-
derway. Among the many strategies being considered are:

• Cooperative land-use planning with local governments to better protect the
tributary stream systems.

• Re-routing park trails to avoid impacts on rare plants in riparian communi-
ties.

• Logistical support of regional programs to reduce runoff and siltation from
residential and agricultural land that affects anadromous and semi-anadro-
mous fish.

• Exclosures to prevent deer browse impacts on upland forest blocks.

We are presently analyzing the activities of other Potomac Gorge stakeholders to
determine where their program goals overlap with our conservation goals so that we
can help each other meet mutual objectives.

Measures of success
Success is measured by making progress towards sustaining or enhancing the vi-

ability of conservation targets, and towards abating threats to that viability. In the
long run, this measurement relies on the development of a monitoring program that
concentrates on the size, condition, and landscape context of conservation targets,
and on the status of the sources of stresses. This necessitates careful selection of
monitoring targets from within each of the conservation targets. The monitoring tar-
gets are the equivalent of I&M indicators. Monitoring targets under consideration for
the Potomac Gorge include:

• Forest interior-dwelling birds in the upland forest blocks.
• Invasive exotic plants in the riparian communities.
• Groundwater quality at the seeps and springs with rare groundwater inver-

tebrates.
• Rare plants in the terrace communities.

However, there is often a lag time between implementation of conservation strategies
and abatement of threats, and an even longer lag time between strategy implementa-
tion and improvements in target viability. As a result, in the short run success is often
measured by increased capacity to implement strategies. This capacity-building can
take the form of additional staffing, funding, or logistical support. These measures are
currently being discussed for the Potomac Gorge.

Conclusion
This project appears to be one of the first times—if not the very first—that TNC

and NPS have collaborated so closely on site-based planning. Yet this approach
probably could be applied at many places throughout the country where NPS and
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TNC have similar interests. We strongly encourage interested parties in both organi-
zations to contact their counterparts to discuss possible cooperative planning.
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5 West Nile virus and other fears: opportunities to
foster partnerships

James Ebert, Fire Island National Seashore, 120 Laurel Street, Patchogue, New
York 11772-3596; james_ebert@nps.gov

Introduction
Fire Island National Seashore is located off the south shore of Long Island in New

York State. The park is the middle 26 miles of the 32-mile-long barrier island. There
are 17 communities in the western half and an eight-mile-long designated wilderness
(the Otis Pike Fire Island High Dune Wilderness Area) in the eastern half.

The year 2000 marked the third consecutive year that Fire Island National Sea-
shore surveyed the mosquito population in the park. Fire Island, particularly the Otis
Pike wilderness area with its vast stretches of salt marsh, is infamous for the large
numbers of aggressive mosquitoes that breed (and feed) there in the summer.
Although they have been quite limited as disease vectors, the vast majority of people
view salt marsh mosquitoes as a nuisance species. Visitors unfamiliar with mosquito
biology may be left with the impression that the huge numbers are not only an in-
credible nuisance but also a fearsome health threat.

The park mosquito management plan calls for collecting data on two species of
mosquito primarily: Culex pipiens (the common house mosquito) and Aedes solicitans
(the salt marsh mosquito, with a blunt abdomen). C. pipiens is often identified as
“PRE,” while the A. solicitans is often abbreviated to “SOL.” SOL was the focus
species in a study in the 1980s, which has helped the park with recent emergence of
the West Nile virus (WNV) issue. In 1998 and early 1999, studies focused on SOL,
with PRE becoming the focus late in the 1999 mosquito season and on to the pre-
sent. Here, I will be discussing primarily PRE.

The 1980s studies were concentrated in the eastern half of the island and in the
adjacent park unit called the William Floyd Estate (WFE). In the park’s 1998 mos-
quito management plan, we used six Centers for Disease Control and Prevention
(CDC) light traps in these areas. Pools of 50-100 specimens were tested each week
for eastern equine encephalitis (EEE) and all were negative for the disease. This was
continued in 1999 and all pools sent for testing were negative. In 1999, toward the
end of the program season (June–September), WNV (then thought to be St. Louis
encephalitis) was added to the list of potential mosquito-borne diseases that could be
found in the New York metropolitan area.

Trapping mosquitoes
The park’s mosquito surveillance program is not only designed to find out if EEE

or WNV is on Fire Island and to what extent. It is also a good example of integrated
pest management, taking into account several factors in the management of mosqui-
toes in an effort to prevent unnecessarily introducing substances into the environment
that may be harmful to humans or other life. In accordance with the park’s mandate of
preserving natural processes, it is an approach that does not dismiss the right of
mosquitoes to exist because they cause discomfort, but acknowledges the mosquito’s
integral role in natural processes.

Over the summer of 2000, a minimum of nine traps were set out once a week in
carefully selected areas of the WFE and from Smith Point to the lighthouse on Fire
Island. Traps were generally placed in or close to standing water, with the gravid
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traps placed in freshwater sites. The gravid traps collect only female mosquitoes at-
tempting to lay eggs on the water found in the trap.

Traps were relocated in the same general area if they did not produce at one par-
ticular site. In September and October more traps were placed in additional locations
on the island. This enabled a more detailed picture of where mosquitoes were most
or least active, and the location of any virus present.

Each week ten pools of 50 mosquitoes from park traps were sent in for testing. All
proved to be negative for the presence of WNV. Suffolk County Vector Control
(SCVC) monitors mosquitoes on Long Island. It set up traps in communities near the
park, and in September found one pool of mosquitoes in Saltaire that tested positive.
Subsequently, SCVC received permission from the park to aerially spray adjacent
park properties with pesticide. The weather soon grew cool enough to reduce the
number of airborne mosquitoes to a level where spraying would not have been
effective.

Because birds are intermediate hosts for WNV, dead birds found on Fire Island
were collected and taken to SCVC for testing (the protocol used for collecting and
handling dead birds may be found in the Fire Island mosquito action plan). All were
found to be negative for the virus.

Mosquitoes were collected using incandescent light and dry ice as bait for the
CDC light traps and an organic liquid as bait for the gravid. This mixture was sup-
plied by SCVC. Six-inch squares of dry ice were hung next to each CDC light trap
and the organic liquid was placed in plastic tubs over which the gravid traps were
suspended, about 1 inch from the surface of the liquid.

Both kinds of traps operated on the same general principle, consisting of a tube
with a fan and a motor, and a net attached at one end. Mosquitoes attracted to the bait
were drawn into the tube and then the net by the flow of air produced by the fan. A
six-volt sealed lead battery drove the trap’s motor.

Trap sites were chosen in consultation with H. Ginsberg (U.S. Geological Survey
Biological Resources Division) and the author. For the most part, sites were placed in
or near permanent or semi-permanent standing water. Gravid traps were placed in or
near freshwater, determined by the presence of ferns, rushes, cattails or other
freshwater plants. If a trap placed at one site did not catch mosquitoes within one to
three weeks, it was moved to another nearby site. Occasionally traps were moved to
be in closer proximity to people. SCVC trapped in one remote area of WFE to con-
serve collection time.

Trapping was completed once a week from July 17 to October 21. Traps were
generally set out in the late afternoon and picked up the next morning as early as
possible. Typically, traps were put out on Tuesday, after the dry ice was obtained. If
it was raining, traps were set on the next dry day. If it rained all week, traps were set
out under umbrellas to protect the gravid trap water from overflowing. Once trapping
started for data collection, it was quickly determined that traps should be set out and
collected by Thursday afternoon to allow for enough time to sort and count their
contents and take them to SCVC by early Friday afternoon.

Trap nets and batteries were collected after approximately ten to twelve hours of
operation and the nets put on dry ice until the mosquitoes were sufficiently inactive to
remain stationary for the length of time it took to sort and count each pool. Due to the
limited number of batteries, and the limited number of connections on the battery
charger, it was necessary to charge them up as soon as they came in from the field. In
the interest of safety, only a battery charger with a “trickle charge” setting was used.
This setting allows the battery to remain on the charger indefinitely until it could be
attended to.

With nine (and occasionally ten) trap sites covering the entire length of Fire Island
and the WFE, we were under a very tight schedule. So it was decided, after
consulting with S. Campbell (SCVC) and Ginsberg, that trap contents should be
sorted only into the two vectors: Culex pipiens-restuans and Aedes solicitans. The
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total number of mosquitoes in each trap was estimated by a visual method supplied
by Ginsberg. Once this was done, groups of approximately 100 to 200 mosquitoes
were removed. From these groups, pools of PRE and SOL were obtained in quanti-
ties of 10 (minimum pool size) to 50 (maximum pool size). The pools and the re-
maining mosquitoes were placed in labeled plastic petri dishes and taken to SCVC.
From there, they were sent out for testing.

Larval sampling was done on two occasions in 2000: August 14 at the WFE and
August 31 at Smith Shores. At the WFE, three larvae were found in the gravid trap
freshwater site and one near the light trap in the salt marsh. One larva from the gravid
trap site was identified as Aedes cantator. No larvae were found at Smith Shores.

Consistently, the greatest number of mosquitoes was found in the light trap at
Smith Shores in the Otis Pike wilderness area. At this trap, total numbers of mos-
quitoes stayed in the four- to five-digit range during the weeks July 31 to October 9,
with PRE topping 1,000 in the second to the fourth week of August and again in the
middle of September. Aedes solicitans remained over 1,000 from the weeks of July 31
to August 28, with a small blip occurring in the week of September 11. None of the
traps at the WFE produced in excess of 1,000 (total) mosquitoes.

The number of A. solicitans relative to C. pipiens-restuans remained high (greater
than 3:1) at Smith Shores from July to the end of August. This is in contrast to the
WFE, where the ratio remained roughly 1:1 for most of the summer.

In the gravid traps at the WFE and Hospital Point, as in the light traps, the highest
number of mosquitoes occurred in the middle of August. As expected, the gravid
traps caught egg-bearing C. pipiens-restuans almost exclusively, although the num-
bers were generally well below those in the light traps, never surpassing 100 speci-
mens.

The traps at Watch Hill followed the same general trend as the traps further east,
with peak periods occurring during August. Interestingly, the gravid trap at Watch
Hill produced the most PRE during the week of July 17, when it was set for the first
time.

Numbers in the Watch Hill light trap were estimated to be over 4,000 (total)
mosquitoes for the two weeks it was set out, with the number of C. pipiens-restuans
close to 1,000 for both weeks. The ratio of C. pipiens-restuans to A. solicitans  in the
Watch Hill light trap varied, but the number of SOL remained in excess of C. pipiens-
restuans for both trap weeks.

The Talisman light trap caught only four mosquitoes, even in a week where
numbers were slightly up elsewhere. The trap location was moved to a new location
in the same general area, but with no significant increase in the number caught. None
of the traps west of Watch Hill caught more than about 300 mosquitoes in a trap
night. The peak period was, again, the middle of August. The Sunken Forest gravid
trap produced the most mosquitoes of any trap in the west in a single night, in the
week of August 7, and proved to be more successful than any of the gravid traps in
the east.

The Sailors Haven light trap location was changed several times. When it was
moved to a new site near standing water it captured about seven times the total num-
ber of mosquitoes than in each of the preceding weeks. This trap often had large
numbers of non-target mosquitoes, mostly other Aedes species. The Sunken Forest
light trap was placed in the western end of the forest when WNV was found at Sal-
taire, a discovery that triggered some discussion about spraying the forest. This trap
produced relatively low but significant numbers of C. pipiens-restuans in the first two
weeks of its operation. The ratio of C. pipiens-restuans  to A. solicitans  was generally
higher in the western light traps than in the eastern traps on the island, usually
roughly 1:2 or 1:1.

The lighthouse gravid trap was the most productive of all the gravid traps used in
2000. It produced over 40 specimens at least half of the time during the peak month
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of August, and again in mid-September when it was moved closer to the Kismet pond
in response to the presence of WNV at Saltaire.

Park actions and suggestions
Each week a report of mosquito numbers and pools was sent to the park head-

quarters staff. This enabled the park to answer any visitor or constituent questions.
The reports demonstrated that the park was taking sufficient action and prevented
fears of a WNV outbreak originating in the park.

A park committee made up of representatives from each branch of the staff devel-
oped a mosquito action plan (MAP). This had four levels of action: from public edu-
cation and monitoring to possible spraying for mosquitoes and closing areas of the
park if the virus was found. The MAP also contained instructions for bird carcass
removal and transport to SCVC for WNV testing. Eight large black plastic trunks
were set up with equipment that might be needed if we had advanced through the
four levels of action. The four action levels parallel the four levels of mosquito
monitoring found in the protocols set up by Ginsberg.

The MAP and mosquito monitoring in 1999 and 2000 enabled the park to collect
data on the mosquito population and monitor for any possible WNV. In 2001, the
park will again be using the same basic protocols, with education and area sanitation
as the first line of defense. As the mosquito numbers increase, the protocols call for
increased trapping, larval counts, or both. If a positive pool or infected bird is dis-
covered, the basic action will be increased trapping in that area to identify the degree
of threat to the human population. There is also some concern for the effects of WNV
on area bird populations. Continued study is underway in this region.

At this time PRE is the primary mosquito found to carry WNV. If others are dis-
covered they will also be collected for testing.

Education remains the first line of defense. The compact disc entitled “Neato
Mosquito,” put out by the CDC, is a good reference, along with folders from other
governmental health agencies and the park. The park continues to work with its many
partners and cooperators to ensure that the best information is made available to the
public.
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6 Crossing boundaries at Haleakala: addressing
invasive species through partnerships

LLOYD L. LOOPE, U.S. Geological Survey-Biological Resources Division, Haleakala
Field Station, P.O. Box 369, Makawao, Hawaii 96768; lloyd_loope@usgs.gov

DONALD W. REESER, Haleakala National Park, P.O. Box 369, Makawao, Hawaii
96768; don_reeser@nps.gov

Increasing “globalization,” involving proliferation of pathways for potentially in-
vasive species, poses the ultimate threat to Hawaii’s parks, jeopardizing their very
survival. This same fear is now being voiced for all biodiversity worldwide (e.g.,
Mooney and Hobbs 2000; Van Driesche and Van Driesche 2000; Campbell 2001).
But oceanic island ecosystems in general and the Hawaiian Islands in particular are
especially vulnerable (Loope et al. 2001). Hawaii is an evolutionary showcase, with
very high local endemism and many textbook examples of adaptive radiation. We at
Haleakala National Park are involved in many excellent partnerships, detailed below,
to address invasions, but we are increasingly realizing that Hawaii is over-
whelmed—more federal and state resources are desperately needed.

Haleakala National Park, encompassing 44 sq mi, or 6% of the 728-sq-mi island of
Maui, Hawaii, is one of the most important reserve sites in the USA for conservation
of biodiversity. Stretching from the sea to 10,023 ft above sea level, it is still
overwhelmingly dominated by native species. Roughly 90% of its plant and inverte-
brate species are Hawaiian endemics and 20% are single-island endemics. Conserva-
tion International recently included Hawaii in its 25 biodiversity hotspots (Mitter-
meier et al. 1999), and Haleakala is arguably the prime reserve on Maui. Maui has
other important state and private reserves, so that the total area of land managed or
soon to be managed for biodiversity conservation approaches 15-20% of the island.
We believe that Maui is the most intact Hawaiian island and has the most promise for
long-term native species and ecosystem protection.

The two of us have focused much effort outside park boundaries in the past
decade, working with partners and partnerships which have promise for improving
efforts on Maui and statewide for prevention, detection, rapid response, and
containment or biocontrol of invasive alien species.

During the 1980s, Haleakala made major progress in resource protection by
erecting 40 mi of boundary fencing and eliminating feral goats (Capra hircus) and
pigs (Sus scrofa),  long recognized as the greatest threats to park resources. A shared
experience with a rabbit invasion, in 1990, was very influential in shaping our
proactive orientation. An incipient and expanding population of European rabbits
(Oryctolagus cuniculus) was discovered and removed (100 individuals) over a 10-
month period (Loope 1992). Through competently dealing with the rabbit invasion,
the park and the island had dodged a bullet—at least temporarily. But we were
disturbed to learn that no agency in Hawaii is responsible for preventing rabbits from
getting established. The Hawaii Department of Agriculture sheepishly confessed that
“our mandate is to encourage rabbit raising.” Our eyes and those of others were
opened to the serious inadequacy of alien species prevention and response efforts.
The rabbit experience brought the vision that long-term protection of park
ecosystems is possible if and only if new invasions to the island can be prevented or
eradicated. It inspired our confidence in our ability to make a difference—as well as
spurring fear of what new invasion might crop up next to threaten the park.
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Our worst fears were answered shortly, when, in January 1991, we first realized
the presence and the threat of the notoriously weedy tree, Miconia calvescens, which
was known to have taken over the island of Tahiti (Meyer 1996; Meyer and Florence
1997). Whereas the rabbit outbreak had fortunately been at a very conspicuous site in
the park, Miconia was centered five miles from the park, but clearly posed just as
great or greater a threat as did rabbits (Medeiros et al. 1997). It soon became evident
that partnerships were the only opportunity to deal effectively with such enormous
shared threats. Although the ultimate effectiveness of these partnerships remains to be
fully demonstrated, we suspect that without them the battle would already be lost.

At the same time, invasive species also pose huge threats to Hawaii’s tourism-
based economy, agriculture, health, and general quality of life, and the state’s
residents are beginning to recognize the problem (CGAPS 1996; Holt 1996). The
pervasiveness of this issue for society in Hawaii provides hope that it may be possible
to marshal adequate resources to address the problem. Each one of the partnerships
we describe below has interests beyond the protection of natural areas and
biodiversity.

East Maui Watershed Partnership
The East Maui Watershed Partnership (EMWP), established in 1991, has the ob-

jective of managing 100,000 acres on windward East Maui to maximize water quality,
sustained production of water, and protection of Hawaiian biological diversity. It is
composed of federal, state, county, and private entities. Although the partnership
members have different mandates, priorities, and constituents, all share a common
commitment to the long-term protection of the watershed. Since its formation, the
EMWP has successfully constructed miles of feral animal fencing, reduced feral pig
numbers, and facilitated control of Miconia. This partnership provides a highly suc-
cessful model for combining biodiversity concerns with concerns for watershed pro-
tection, including invasive species prevention and management in Hawaii.

Maui Invasive Species Committee (MISC) / Melastome Action Committee
In 1997, agencies and individuals on the island of Maui that had been working

together at a grassroots level for six years to deal with invasion of the weed tree
Miconia formed an interagency working group, the Maui Invasive Species Committee
(MISC), to deal with incipient invaders. MISC partners include Haleakala National
Park, U.S. Geological Survey Biological Resources Division (USGS-BRD), U.S.
Department of Agriculture (USDA) Tri-Isle Resource Conservation and
Development Council, USDA Forest Service, U.S. Fish and Wildlife Service, Hawaii
National Guard, University of Hawaii, Hawaii Department of Land and Natural
Resources, Hawaii Department of Agriculture (HDOA), Maui County Department of
Water Supply, Maui Land & Pineapple Company, The Nature Conservancy of
Hawaii (TNCH), and Maui Farm Bureau. Public education and publicizing success
stories are crucial ingredients of the anti-invasive species strategy. Maui efforts have
inspired motivated individuals to form similar partnerships on other islands.

MISC and its partners have made serious headway to date through surveying,
treating, and eradicating the most serious invasive plant species that threaten eco-
systems of Maui, including those of Haleakala. Other important conservation lands,
including Kanaio National Guard Training Area, Kealia National Wildlife Refuge,
TNCH’s Waikamoi and Kapunakea Preserves, Maui Land & Pineapple Company’s
Puu Kukui Preserve, several State Natural Area Preserves, and many other as-yet
undesignated natural areas will ultimately be jeopardized unless the invasive plant and
animal species being addressed by MISC are contained or eradicated.

An island-wide plan establishes categories (exclusion, eradication, containment,
large-scale management) and sets priorities and responsibilities for pest management.
In 1999-2000, an action plan was launched (funded by $800,000 raised from federal,
state, county, and private sources) against top-priority species. The major species
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currently being combated are Miconia calvescens, pampas grass (Cortaderia jubata),
fountain grass (Pennisetum setaceum), ivy gourd (Coccinia grandis), giant reed
(Arundo donax), and rubber vine (Cryptostegia grandiflora).

The role of USGS-BRD has properly evolved from large involvement in
education, strategy development, planning, and assisting with fundraising for MISC
and the Melastome Action Committee to one of information-gathering and research.
We see a major role of the Haleakala Field Station as assessing current and future
alien species threats, especially plant problems on Maui. In FY2000 funding was
received for a three-year National Park Service NRPP (Natural Resource Preservation
Program) project, “Information Gathering and Development of Methodology to
Address Newly Emergent Alien Plant Species that Threaten Ecosystems of Haleakala
National Park.” This project is building on previous work to explore the process of
invasion on Maui and obtain baseline data on incipient alien plant invasions that may
pose severe threats. It is primarily aimed at recognizing and nipping in the bud new
plant invasions by detecting situations where new weeds are starting to spread and
alerting the interagency control crew of MISC and the new NPS Hawaii Exotic Plant
Management Team. The project is mapping cultivated and escaped populations of
110 plant species identified as warranting concern. It is also exploring the more
general question of how an early warning system might work.

Hawaii Ecosystems at Risk Project
The Hawaii Ecosystems at Risk (HEAR) project was started in 1996 as an

invasive species information system to serve the needs of land managers and the
public. In FY2001, funding was received through the National Biological
Information Infrastructure (NBII) to provide base-funding for HEAR, in cooperation
with the Bishop Museum and the University of Hawaii, as an invasive species-focused
component of a Pacific Basin Information Node (Thomas and Loope 2001). A thrust
for FY2001 is to work with Rod Randall in southwestern Australia to get the world’s
best plant risk assessment database (for species that have invaded other parts of the
world) into a format which can be made available on the internet. In Hawaii, we will
match Randall’s database against a list of plant species cultivated in Hawaii
(approximately 13,000 spp.) being developed by George Staples of the Bishop
Museum. Unfortunately, as of May 2001 this base funding may have been lost as part
of FY2002 budgets cuts.

Na Kumu o Haleakala
Na Kumu o Haleakala is a partnership started by Haleakala National Park

interpreters and local teachers in 1996 to produce a Maui-specific environmental
education curriculum for local public and private high schools, which will, among
other things, educate young people about the threat of alien species on Maui. The
partnership is working to produce a comprehensive environmental education
curriculum specific to Maui to promote understanding of island ecosystems, a feeling
of shared ownership, and a commitment to active stewardship. Na Kumu has
completed ecosystem-based modules for Haleakala’s eolian zone and rainforest and
will soon complete modules for the coastal and marine zones. Plans (and fundraising)
are in the works for modules on dryland forest, the subalpine zone, watersheds, and a
culminating module on alien species. Each ecosystem-based module has one or more
units on the effects and future threats of alien species.

Coordinating Group on Alien Pest Species (CGAPS)
The Honolulu-based Coordinating Group on Alien Pest Species (CGAPS) is an

innovative statewide group which has been working since 1995 to coordinate efforts
among the many agencies responsible for dealing with invasive species and to im-
prove Hawaii’s response to the problem. One possible collaborative strategy calls for
attempting to establish a federal quarantine for Hawaii for a wide range of pest species



Crossing boundaries on the ground through partnerships                                                                

32 Proceedings of the 11th Conference on Research and Resource Management

through the USDA Animal and Plant Health Inspection Service, as well as for beefing
up the state quarantine with the aid of state funds from airport landing fees or other
user fees. (See paper by Reeser, this volume.) CGAPS is also interested in early
detection and control of incipient invaders. Holt (1996) stated: “Together with pub-
lic education, we believe early detection and control of new infestations holds the
greatest potential for improved pest management” in Hawaii. Consensus CGAPS
priorities for 2001 are as follows:

1. Raise $2 million from the state legislature and private sources to continue
and expand funding for the Maui, Big Island, Oahu, and Kauai invasive spe-
cies committees.

2. Secure $250,000 from the state for Miconia biocontrol.
3. Develop a strategy and obtain increased federal assistance to HDOA.
4. Follow-up on the Kahului Airport pest risk assessment to identify the next

appropriate actions to improve inspection efforts statewide. Secure
$500,000 in discretionary funds for HDOA to continue and expand state-
wide inspection and quarantine efforts.

5. Significantly increase the level of education and awareness among the legis-
lature and the public regarding the negative impact of invasive species on
Hawaii’s economy, environment, health, and lifestyle.

6. Enhance HDOA’s enforcement capacity.

Hawaii Ant Group and the red imported fire ant
In September 1999, a Hawaii Ant Group was established, comprising scientists

from USGS, HDOA, University of Hawaii, and the Bishop Museum. After the red
imported fire ant (Solenopsis invicta) was first detected in southern California in
November 1998, it was realized that invasion of Hawaii is just a matter of time unless
heroic prevention, detection, and rapid response efforts are initiated, since huge
quantities of goods are shipped to Hawaii from California. Haleakala National Park
and its USGS Field Station have been involved for some years in studies of the slowly
spreading but destructive Argentine ant (Cole et al. 1992) in an effort to prevent its
further invasion of Haleakala’s otherwise ant-free high-elevation environment. If the
red imported fire ant gets established in Hawaii, its winged queens will quickly
spread statewide and very likely invade Haleakala Crater.

Dispersed primarily through human commerce, the red imported fire ant has
invaded over 300 million acres in the southern USA in spite of a USDA federal
quarantine. It is a serious threat to public health and safety, industry, biodiversity,
water quality, economy, and quality of life. Its aggressive nature and powerful sting
have caused the deaths of at least 83 people, injury to tens of thousands of people
annually, and injury to and death of wildlife, livestock, and pets. Its broad diet, which
includes plants and animals, has caused substantial agricultural damage and serious
declines in biodiversity (Wojcek et al. 2001). If this ant is allowed to become
established in Hawaii, biodiversity impacts can be expected to be particularly severe,
since the Hawaiian biota evolved in the absence of native ants and is consequently
extremely vulnerable to aggressive ants (Gillespie and Reimer 1993).

Conclusions
The problem of invasive alien species is becoming increasingly recognized as an

important issue nationwide and worldwide, but the Hawaiian Islands comprise what
is arguably the world’s most vulnerable site. Recently published books (Devine 1998;
Van Driesche and Van Driesche 2000) zero in on Hawaii’s severe problem of
continuing invasions, while recognizing that the best hope for improving the situation
resides on the island of Maui. In many ways, Hawaii is a model system for dealing
with biological invasions, but there is definitely a downside. Financial resources to
meet the needs are not proving to be available on a sustained basis. Hawaii was
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recently beset by a teachers’ strike, and although numerous alien species bills were
introduced in the 2001 Hawaii State Legislature, most have failed. Extremely im-
portant federal resources are at stake in Hawaii—including several superb national
parks and more than 300 endangered species. Good opportunities exist on Maui to
protect areas such as Haleakala’s Kipahulu Valley, arguably the most biologically
diverse and intact tropical rainforest ecosystem in the USA.

We contend that Hawaii is a magnificent testing ground for strategies to deal with
biological invasions. U.S. mainland ecosystems, given unabated action of similar
forces responsible for continuing degradation—habitat destruction, habitat
fragmentation, biological invasion, and cascading effects toward biodiversity
loss—will be showing comparable symptoms by the second half of this century.
Because of the profound human element in biological invasions, effective intervention
will necessarily involve catalyzing changes in human behavior. We are confident that
we are on the right track in investing much time and effort in partnerships targeted for
dealing with invasive species. Support by state and local governments is crucial to
success of this endeavor. But we can also see that much more federal support is
warranted and absolutely necessary to allow these partnerships a chance to attain
their goals.
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7 Getting to the bottom of things at Crater Lake
National Park

WILLIAM M. BROCK, Crater Lake National Park, P.O. Box 7, Crater Lake, Oregon
97604; mac_brock@nps.gov

Crater Lake National Park is located in southwestern Oregon on the divide of the
Cascade Mountains. It lies in an area with a long history of volcanic and glacial
activity, extending from Lassen Peak in northern California northward into Canada.

In the middle of the park is Crater Lake, which formed about 7,700 years ago after
the climatic eruption of Mount Mazama. The lake occupies the collapsed caldera of
the mountain. The lake is 7 to 9.5 km (4.5 to 6 mi) across, has 32 km (20 mi) of
shoreline, a surface area of 5,339 ha (13,192 acres), and a depth of 597 m (1,958 ft) at
its deepest point, making it the deepest lake in the USA. Annually, about 500,000
visitors come to see the famous deep blue lake.

Early scientists were not content to merely gaze at the sublime beauty of the lake.
They longed to know what lay beneath. In 1886, the Dutton expedition, made up of
scientists from the U.S. Geological Survey (USGS), came to Crater Lake to take the
first-ever measurements of its depth at various locations. In a rowboat dubbed the
“Cleetwood,” using a lead-weighted spool of piano wire with leather tabs attached to
record depth, they took about 100 measurements and recorded a maximum depth of
1,996 ft (Dutton 1886).

Others followed and, in 1956, the USGS used echo sounding to map the lake
bottom based on about 5,000 measurements (Byrne 1962). Until recently, that map
(Figure 7.1) formed the basis for understanding the geomorphology of the lake’s bot-
tom. Their map identified three distinct deep basins. They identified a platform
formed by the eruption of Wizard Island. They discovered the submerged Merriam
cone and they measured the deepest point at 1,932 ft. More detail of the geologic
features would have to wait for technology to progress to the point of getting the ad-
ditional precision that managers and scientists wanted. Furthermore, significant
funding would be needed to attempt such a project. For some time this project re-
mained just another “nice to do” item documented in the park’s resource manage-
ment plan. However, two subsequent unrelated events provided an opportunity to
move forward on this project.

On September 23, 1995, a tragic accident happened in the park. A corporate
helicopter flew into the park and down into the Crater Lake caldera. The aircraft
crested the caldera rim anywhere from 700-2,000 feet above the surface of Crater
Lake. According to eyewitness accounts, the aircraft circled near Wizard Island at
approximately 350 ft above the lake level and then flew in a southeasterly direction
toward the Crater Lake Lodge. The aircraft slowly descended while it flew toward the
Crater Lake Lodge until it hit the lake surface, tumbled, broke up and sank quickly in
approximately 1,500 ft of water. The pilot and passenger died in the accident.

A fuel slick was observed on the surface of the lake from approximately 70 gallons
of liberated jet fuel on board the aircraft. Other solid waste (Styrofoam and floating
aircraft debris) was collected from the lake for about a week after the accident. A lim-
ited amount of other lubricants such as transmission fluids and engine oils may have
been liberated or may still be encased in the wreckage that sank.
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Figure 7.1. Map of the floor of Crater Lake. U.S. Coast and Geodetic Survey,
1959.

The park staff had a dilemma. What do you do about helicopter wreckage in
1,500 feet of water? Title 36 Code of Federal Regulations Section 2.17 offered some
guidance:

c(1) ...the owners of a downed aircraft shall remove the aircraft and all component
parts thereof in accordance with procedures established by the superintendent. In
establishing removal procedures, the superintendent is authorized to: (i) Establish
a reasonable date by which aircraft removal operations must be complete; (ii)
determine times and means of access to and from the downed aircraft; and (iii)
specify the manner or method of removal.

c(3) The superintendent may waive the requirements of paragraph (c)(1) of this
section or prohibit the removal of downed aircraft, upon a determination that: (i)
The removal of downed aircraft would constitute an unacceptable risk to human
life; or (ii) the removal of a downed aircraft would result in extensive resource
damage; or (iii) the removal of a downed aircraft is impractical or impossible.
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The Crater Lake superintendent elected to require the helicopter company to
conduct a feasibility analysis to salvage the wreckage. It estimated that the cost of
salvage would exceed $1 million. Its analyses found that such a salvage operation
would be impractical and too risky, and would further damage park resources (Irvin
1996).

Although park managers did not concur in all of the company’s findings, the park
superintendent decided that present understanding did not support a conclusion that
an acute or chronic environmental problem was posed by the aircraft wreckage. The
ongoing impact to the lake was primarily one of the aesthetic damage due to the
wreckage. Park managers agreed that the benefits associated with recovery did not
outweigh the risks.

Nevertheless, it seemed wrong to absolve the company from any responsibility for
the damage to the park’s natural resources. Park managers believed that the company
should somehow be held accountable for damage to the park, even if it was acciden-
tal. Consultation with the National Park Service (NPS) Environmental Response,
Planning and Assessment Division suggested a possible remedy through a recently
passed act.

In 1990 Congress passed the Park System Resource Protection Act (P.L. 101-
337, 16 USC 19jj). The law allows NPS to seek compensation for damages and to
retain those monies, without further appropriation, to restore, replace, or acquire
equivalent resources. Under the statute, NPS can also collect any costs associated
with responding to and assessing the damages related to such incidents, including
monitoring. Money recovered as past costs or for future assessment or restoration
work are placed in an investment account that earns interest until used.

The Resource Protection Act is a tool for protecting and restoring park resources.
It is not a regulatory tool. It is compensatory, not punitive. The goal of the law is to
restore damage and make the park whole, not to punish. However, the law is also a
strict liability law that means a manager does not need to demonstrate negligence but
only that damage occurred from an action of another party.

A second event happened in the summer of 1998. Secretary of the Interior Bruce
Babbitt visited Crater Lake and discussed our ongoing lake research program. Bab-
bitt informed the park of a research project to map the bottom of Lake Tahoe that
USGS had completed using a new multibeam sonar system. The system was highly
precise and produced a high-resolution map (Gardner et al. 1998). The contact
spawned interest by the USGS to conduct a similar survey at Crater Lake; however,
there was no funding for the project.

From these events, park managers began to see a way that we could partner with
the USGS and the Department of the Interior Solicitor’s Office to acquire the tech-
nology and the funds to search for the helicopter and assess the crash site and simul-
taneously map the lake bottom.

The civil case took some time. The helicopter crashed in 1995 and the Solicitor’s
Office successfully settled the case in 1999. We started the project in the summer of
2000.

NPS transferred funding to USGS to conduct the project by means of an inter-
agency agreement. USGS in turn used a cooperative agreement it had established
with the University of New Hampshire to acquire the professional expertise and en-
gage a contractor from Louisiana who owned the sonar technology. The research
vessel and sonar equipment were trucked to Crater Lake to begin the project.

Access to the lake surface is limited to a foot trail. Park managers obtained ap-
proval from the Pentagon and enlisted the services of the U.S. Army Reserves from
Fort Lewis, Washington, to transport the research vessel 1,000 feet from the caldera
rim to the lake surface. Once there, it took only five days to complete the search for
the helicopter crash site and survey of the lake bottom.
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Figure 7.2. Preliminary bathymetric image of Crater Lake. U.S. Geological
Survey, 2000.

This project attracted significant media attention. Park managers used the op-
portunity to promote the project. The project’s discoveries were shared through a
media campaign that focused on the technology and the scientific contributions of the
survey. Throughout the period of the survey park staff made 74 media contacts. As a
result, the project was covered repeatedly on television, radio, and newspapers
throughout the NPS Pacific West Region as well as in newspapers in the Rocky
Mountains and Midwest. The park’s message was delivered to over a million indi-
viduals, based on the reported viewing audiences of and subscribers to those local
stations and newspapers which ran spots and articles on the events of the survey.
This is analogous to reaching twice the park’s annual visiting public with a very fo-
cused message of “parks as laboratories.”

Even though we did not locate the helicopter itself, the survey of the lake bottom
was extremely worthwhile. The new images revealed incredible details of ancient lava
flows, huge landslide debris fields, newly discovered vents, ancient lakeshores, and
other fascinating geologic features (Figure 7.2). Park managers anticipate that the
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information from these new data will launch the park into a new era of scientific in-
vestigations about the lake and its volcanic origins.

Although the survey phase of this project is now complete, the park will continue
to reap the benefits of this research for years, if not decades, to come. In the near fu-
ture these data will be made available to interested scientists. The park’s Natural
History Association is interested in obtaining the final map and brochure from the
data as a future sales item. And in addition to providing the map data, USGS is inter-
ested in a future partnership to provide data and software to establish an interactive
interpretive display for the park’s visitor center. The display will allow the visiting
public to “explore” the bottom of Crater Lake electronically.

Lessons learned
There are several lessons that park managers learned through this process that will

help prepare for future partnership opportunities.

1. Know what you need and write your needs down. It is important to take a
broad and long look at what your park needs to manage its resources. There
is value in developing and updating your resource management plans.

2. Market your program. Communicate your needs widely. To your superiors,
your peers, other agencies, non-profits—to anyone who will listen. We need
to do a better job of marketing what we are trying to do in resource man-
agement and actively solicit support from potential partners.

3. Network. Get to know a wide variety of folks who may help you out one day.
And not just in your discipline—the majority of key players in this case study
were not scientists or resource managers. They included attorneys from the
Solicitor’s Office, NPS Washington Office support personnel, public
information officers, military contacts, and agency program managers.

4. Be creative in meeting your needs. (Think outside the box.)
5. Don’t give up. Be persistent but be patient. (The rules were written for the

box.)
6. Be prepared to seize or create opportunities.
7. Success leads to success. Use your successes to build credibility and mo-

mentum, and to develop new opportunities with new partners.

Conclusion
Born out of a civil settlement initiated five years ago, this project grew from an

unlikely compact between attorneys, corporate executives, insurance adjusters, gov-
ernment officials, and research scientists. These results demonstrate that with perse-
verance, determination, shared vision, and a noble goal, we can accomplish extra-
ordinary things.
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The National Parks Air Tour Management Act of 2000 (Title VIII of P.L. 106-
181) requires, among other things, the U.S. Federal Aviation Administration
(USFAA) and the U.S. National Park Service (USNPS) to jointly develop air tour
management plans (ATMPs) for all U.S. national parks with commercial sightseeing
air tour operations. Military overflights occur at over 100 U.S. national parks, and a
number of other noise sources impact park soundscapes. The USNPS Soundscapes
Program Center was established in October 2000 to work with the USFAA, military,
and other organizations to mitigate noise intrusions and address park soundscapes
issues in units of the National Park System. The following discussion presents the
overall organization and approach of the USNPS Soundscapes Program Center,
some of the major issues the center is addressing, and efforts to enhance the
partnerships between the various agencies and interests involved.

Soundscapes Program Center
Natural sounds are an integral part of the resources and values in parks that

USNPS is charged by law to preserve unimpaired. Natural sounds are also an insepa-
rable part of what visitors come to national parks to enjoy.

Countless visitors have thrilled to a wolf howl, an elk bugle, Old Faithful in full
eruption, or a waterfall on a large river. Few things are more pleasant and soothing
than the melodious call of a canyon wren, water bubbling in a small creek, the
soughing of wind through the pine forests and aspens, or a chorus of bullfrogs in early
evening. The full complement of such sounds can provide superintendents with an
indicator of the health of the park ecosystems.

Sounds such as these have, until recent years, been largely taken for granted by
both the visiting and interested public and park managers and staff. Intruding noise
from such sources as aircraft, cars, buses, snowmobiles, personal watercraft, all-ter-
rain vehicles, etc., was, until 25 years ago, generally minimal in both numbers of
events and loudness. With the increase in visitation to parks, from about 190 million
in 1975 to 429 million in 2000, both the numbers and loudness of noise events have
increased dramatically. In many parks such noise adversely affects the natural sound-
scape and wildlife, as well as visitors’ opportunities to hear natural sounds and to
experience solitude and tranquility. Visitor complaints in some parks are increasing.
In a few isolated cases, individual parks have addressed noise intrusions: watercraft
noise effects on humpback whales at Glacier Bay, outboard motor noise on commer-
cial-river rafts at Grand Canyon, management of snowmobiles in a few parks, nego-
tiations with the military on flight routes in a few parks, and so on. On a Servicewide
basis, with the exception of air tour overflights at Grand Canyon, only a few of the
more intrusive noise issues have been addressed. Those include establishment of a
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general regulation on audio disturbances (addressing campground intrusions),
snowmobile noise limits, boating noise limits and a mention of noise in the disorderly
conduct regulation (all in Title 36 of the U.S. Code of Federal Regulations). There
are also noise restrictions on buses. Only recently has USNPS officially identified
soundscapes as a natural resource and initiated development of a comprehensive
soundscapes management program.

Within the past decade or so there has been growing attention to soundscapes,
which has resulted in congressional passage of P.L. 100-91 (the National Parks
Overflights Act of 1987) to manage air tours over Grand Canyon and the National
Parks Air Tour Management Act of 2000 to manage air tours over other parks. In the
National Park Service Management Policies (e.g., Section 4.9) and the NPS Direc-
tor’s Order 47, natural soundscapes are clearly identified as a natural resource to be
protected, and direction is given to park managers to incorporate protection and
management of soundscapes into their management programs equal to other park
resources and values.

To address these directions, USNPS established a Soundscapes Program Center
in late 2000 at Fort Collins, Colorado. The purpose of the center is to provide
support and assistance to parks to address soundscapes issues. The primary
emphasis for the next several years will be to assist those parks that will need to
accomplish ATMPs under the Air Tour Management Act of 2000. The act directs
that USNPS work cooperatively with USFAA to prepare ATMPs. Additionally, the
Soundscapes Program Center will assist parks in gathering baseline acoustic natural
ambient data to characterize their soundscapes and record intrusive noise. The center
will also assist parks with other noise issues, including the preparation of
soundscapes management plans, military overflights, snowmobiles, personal
watercraft, airport noise, and park operational noise (aircraft, heavy equipment, etc.).

In summary, noise created by ever-increasing types and numbers of modern
technology, vehicles, and equipment is progressively adversely affecting natural and
cultural resources and the quality of visitor experiences in national parks. Congress
has given recent direction to address air tours over national parks and USNPS is ad-
dressing this by having established policies and directions to protect the natural
soundscapes in parks and a branch of the Washington Office to assist parks in those
protective efforts.

Soundscape issues
Impact assessment and mitigation. To assess impacts on natural soundscapes,

one must cross many scientific, policy, management, and institutional barriers. Diffi-
cult questions must be answered. For example, what data are needed to characterize
park soundscapes? Is there a single metric that provides enough information? How
many soundscapes does a park have, and what criteria separate one soundscape from
another? What constitutes a significant impact on a park soundscape? What are the
mandates and processes, and who are the players needed to make these decisions? A
number of approaches have been used by scientists to assess noise impacts on various
environments and populations. However, research has shown that many of the tradi-
tional methods and metrics are not applicable in national park environments. USNPS
is working with experts in many scientific fields, involved agencies and organizations,
interest groups, and the general public to develop policies and guidance to assess and
monitor noise impacts on park resources and visitors in the most accurate, efficient,
and scientifically supportable manner.

At Grand Canyon, for example, a major study is underway to compare the aircraft
noise levels calculated by several aviation noise models with data measured simulta-
neously at many sites in the field. Mitigation measures such as flight routes, flight-free
zones, timing, and numbers of flights are necessarily assessed in large part by using
such models. The equipment and methodology for gathering the acoustic data
needed for the models and other impact assessment and monitoring are being
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updated and improved in efforts involving multiple agencies and experts, but not
without some difficulties involving differences in the policies, mandates, and interests
of the various parties.

Interpretation and education. Educational efforts are increasingly important in
leading to an accurate understanding of park soundscape issues so that meaningful
dialogue can take place leading toward issue resolution. While considerable interest
has been evident in the U.S. national media regarding park soundscape issues such as
air tour overflights, snowmobiles, and personal watercraft, an alarming amount of
such information has been less than completely accurate concerning USNPS
concerns, mandates, and actions. In a number of cases, the media has contributed to
misunderstanding and confusion among many parties. One of the major efforts to
address this problem is development by USNPS of a package of tools for interpreters,
educators, and managers called “The Nature of Sound.” The package consists of an
education plan, articles and papers on all sides of the issue, references, brochures,
and interpretive tools such as a slide program, electronic files, and an audio tape. The
materials can be customized for specific purposes at specific parks. Major themes
include: national parks are special places; national parks have many special
requirements, such as preserving resources and values in an unimpaired condition;
national parks have many special opportunities, often including those for solitude,
tranquility, and experiencing the sounds of nature; the natural soundscape is an
important resource in many parks; USNPS uses aircraft and other noise sources for
essential management purposes; and USNPS preserves and celebrates the history of
powered flight in units such as Wright Brothers, Dayton Aviation, and Tuskegee
Airmen.

Non-aviation sound issues. Much of the effort of USNPS has been focused on
defining or clarifying policies and methodologies, and then applying them to aviation
noise sources. However, other noise sources are also important. As previously men-
tioned, issues involving snowmobiles and personal watercraft have been the most
obvious. Other non-aviation sound issues in parks include: transportation means,
such as automobiles, trucks, buses, and trains; USNPS equipment use, such as heavy
machinery, chainsaws, and other tools, as well as vehicles; electrical generators; audio
devices; and events such as concerts and speeches.

Cooperative efforts of USNPS and USFAA
To enhance cooperation and understanding between USNPS and USFAA,

several actions were initiated. First, each agency designated a liaison to be a point of
contact. Marv Jensen, manager of the Soundscapes Program Center, is the designated
person representing USNPS. His counterpart in the USFAA is Barry Brayer, the
leader of the effort to develop ATMPs. The agency liaisons communicate on a regular
basis. As a result, they have developed a trusting relationship and understanding of
the respective agency’s missions, policies, and positions. Second, both agencies have
worked together to ensure that the language in the USFAA draft regulation to
implement the National Parks Air Tour Management Act of 2000 accurately reflects
each agency’s position. As a result, several contentious issues have been eliminated
prior to the draft rule being submitted for public review and comment. Third, an
implementation plan was jointly crafted by both agencies. The plan describes the
joint organizational structure, procedures, and roles and responsibilities that will be
utilized in the development of the ATMPs. The plan also presents a dispute
resolution mechanism, joint funding approach, and detailed outline of the ATMP
planning process and contents. Finally, the specifics of the implementation plan have
been formalized in a draft interagency agreement that will be signed by senior
management of each agency. Although the actions initiated will not alleviate all
conflicts and misunderstandings between the agencies, it has significantly enhanced
the partnership and has laid the groundwork for a less contentious relationship.
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Partnerships on military overflight issues
The U.S. Air Force (USAF) and other Department of Defense entities need ranges

and airspace to train pilots and weapons and conduct other military operations. Be-
cause most of the population of the USA lives east of the Mississippi River and air-
space there is extremely congested, many of the military training and operations
flights take place over the western USA, where most federal lands are located.
Military overflights, whether high and fast, low and slow, in any combination, can
have adverse impacts on park natural and cultural resources and visitor experiences.
Surveys of park managers have consistently identified at least 100 parks with actual or
potential concerns about military overflight issues. Maps prepared for USNPS by
USAF’s Ranges and Airspace Office support those perceptions, graphically depicting
the very high percentage of military training routes and military operations areas that
lie over or within 10 miles of national park units. In many cases, congressional
designation of military ranges and special use airspace predates the designation of
park units, meaning that the military services have a statutory right to fly there.

To enhance cooperation and understanding between the two agencies, USNPS
has become a regular and active participant in the six USAF Regional Airspace/Range
Council meetings that are held around the country each year. USAF and USNPS
have developed a relationship of trust which has led to the prevention or mitigation of
adverse impacts at a number of parks, including Big Bend, Biscayne, Everglades,
Joshua Tree, Pipe Spring, and Sequoia-Kings Canyon. A number of these agreements
were negotiated between individual base commanders and park superintendents. In
some instances these agreements were never documented, causing potential
confusion when those officials were transferred. The next logical step is for the two
agencies to formalize their relationship, which they intend to do by jointly developing
regional communication guidebooks. Each guidebook will depict airbase locations,
military training routes, military operations areas, and units of the National Park
System. The guidebooks will also present each agency’s organizational structure,
decision-making process, and points of contact, as well as ways to enhance
communications and develop relationships between base commanders and park
superintendents. Both agencies intend that this concept be extended to other military
services and land management agencies in the near future.

References and supporting information for this paper are available from the authors
upon request.



                                    Crossing boundaries on the ground with technologies                                

From Crossing Boundaries in Park Management: Proceedings of the 11th Conference on Research and
Resource Management in Parks and on Public Lands, edited by David Harmon (Hancock, Michigan: The George
Wright Society, 2001). © 2001 The George Wright Society, Inc. All rights reserved.

9 Remotely sensed burn severity mapping
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Introduction
With nearly a century-long national policy of fire suppression, many of our na-

tion’s forests have an unnaturally heavy accumulation of brushy ground fuels and
dense young trees. These “ladder fuels” provide the connection between low-inten-
sity ground fires and high-intensity crown fires.

In 2000, almost 7 million acres burned across the USA. The extraordinary num-
ber, size, and, in some cases, severity of these fires was due to drought conditions,
weather patterns, and a large number of lightning strikes. Compared with the
previous ten-year average, more than twice the number of acres were consumed. Such
fire activity is inconsistent with the National Park Service (NPS) mission “to preserve
and to protect,” and the NPS Fire Management Program focus of “restoring and
maintaining natural processes associated with fire.” The NPS fire management
program includes hazardous fuels reduction, prescribed fire, wildland fire for
resource benefits, and wildland fire suppression (Gale 2000).

All of the fire preconditions referred to above were present at the Grand Canyon
in 2000. A prescribed fire “blacklining” operation in the Outlet Prescribed Fire Unit
encountered unexpected high winds on May 9, which caused the fire to “spot” out-
side the unit. The resulting fire consumed more than 13,000 acres, burning through
several forest types and fuel model classes, at varying intensities. Having burned off
the North Rim and into inaccessible canyonlands, the Outlet Fire was in suppression
mode until fully controlled on August 30, and was declared completely out on No-
vember 14.

Objective
Robert Stanton, director of NPS, specified that the agency’s fire programs are to

“scientifically manage wildland fire using best available technology as an essential
ecological process to restore, preserve, or maintain ecosystems…” (Stanton 1998). In
a joint report to the president in response to the wildfires of 2000, one of the key
recommendations made by the secretaries of Interior and Agriculture was that dam-
aged landscapes be restored and communities rebuilt (Babbitt and Glickman 2000).
Immediately following wildfire control, that process is implemented and recorded in
a burned area emergency rehabilitation report. Stabilization and restoration are facili-
tated by a spatial understanding of fire severity. Recognizing this, the 1998 Joint Fire
Science Plan encouraged research that develops “airborne and satellite-based remote
sensing applications, for quantifying ... fire effects such as ... fire distribution and
severity” (Botti and Saveland 2001).

It is the objective of Grand Canyon National Park’s Fire Management Program
and its Science Center GIS Lab to support these national recommendations. To-
wards that end, we have implemented a fire severity mapping procedure that accu-
rately and cost-effectively measures fire severity, and that can be done with computer
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software and hardware common to most national park Geographic Information Sys-
tem (GIS) departments.

Methods
Traditional methods of recording burn severity involve traversing the interior of

the fire by foot or observing it from an airborne platform, and then mapping (by
hand) resource damage into predetermined classes. The burn severity coding matrix,
with severity fields ranging from unburned to heavily burned, and records of sub-
strate and vegetation, was modified to four simple classes (unburned, low severity,
moderate severity, or high severity), incorporating substrate and vegetation concerns,
as detectable from an aerial view (Botti et al. 1992).

Where fire size and time permit, this method provides satisfactory results. As fire
sizes increase, and time becomes a constraining factor, traditional methods become
costly and labor-intensive to the point where accurate mapping of severity classifica-
tions is precluded.

For the Outlet Fire, a visual estimation from a helicopter provided the first meas-
ure of fire severity. Within an hour, the park’s fire ecologist visually estimated and
mapped fire severity into four classifications. The classes were drawn in the field onto
a 15-minute U.S. Geological Survey (USGS) topographic quadrangle map (Figure
9.1). In view of the time and cost constraints, this was an effective but difficult
mapping exercise, at a charged rate of approximately $2,500 per hour for helicopter
use alone.

Figure 9.1. Hand-drawn fire severity map of Outlet Fire, 2000.

Airborne- and satellite-based remote sensing platforms are uniquely suited for
large landscape assessments. Satellite-based platforms have recently become in-
creasingly cost-effective, through recent efforts by the National Aeronautic and Space
Administration (NASA), USGS, and NPS to make satellite imagery more available.
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Prices for current radiometrically and geometrically corrected imagery range from
about $600 for Landsat 7 imagery (Level 1G), to $1,500 (at Level 2A) for SPOT 4
imagery. Terrain-corrected Landsat 7 imagery costs $900 (at pricing specifically for
federal agencies).

For purposes of comparison, Landsat 7, SPOT 4, and Ikonos satellite scenes were
requested for dates as close as possible to the beginning and end of the Outlet Fire.
Image pre-processing appropriate to capabilities expected of NPS GIS departments
was requested, i.e., scenes that had been radiometrically corrected, geometrically
corrected, and ortho-rectified (terrain-corrected). The Landsat 7 scenes we received
were fully pre-processed, while the SPOT 4 scenes were radiometrically and
geometrically corrected but not ortho-rectified. For comparison purposes, we ortho-
rectified the SPOT 4 scenes in ERDAS Imagine (Figure 9.2). Unfortunately, we were
unable to obtain Ikonos scenes in time for this comparison.

Figure 9.2. Ortho-rectification of SPOT 4 imagery, using ERDAS software.

Remote sensing techniques
With digital imagery, advantages in analysis are first seen in the opportunity to

perform mathematical operations on the image, some simple, and some involving
complex sequences of formulas.

One of the simpler operations performed is change detection, where the pixel val-
ues of one scene are subtracted from the corresponding pixel value of a later one.
Seasonal variations in vegetation are sufficiently different that they may be easily de-
tected by change detection. In the case of the Outlet Fire, which started in early May,
the vegetation of the area had already leafed out. From SPOT 4, we received satis-
factory image scenes dated June 10, 1999, and September 25, 2000. From
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NASA–USGS, we received Landsat 7 image scenes dated May 5, 2000, and June 6,
2000. The Landsat 7 scenes were nearly ideal for purposes of change detection, with
image capture taking place just days before the Outlet Fire started and then after
nearly 95% of the fire had burned.

Another remote sensing method, using a more complex mathematical operation, is
referred to as image classification. One image classification technique is referred to as
iso-clustering, where clusters of similar pixels are placed into separate classes. What
the human eye can discern comparing one image to another, iso-clustering does
mathematically, with multiple image sets. For our purposes, we chose iso-clustering
classification for an independent comparison.

Landsat 7 and SPOT 4 are functionally similar, but differ in the spectral and spa-
tial resolution of their images. Landsat 7 (the seventh generation of Landsat space-
craft) and SPOT 4 (the fourth generation of SPOT spacecraft) employ a different
number of spectral bands receiving similar but different spectral ranges, at differing
resolutions (Table 9.1).

Landsat 7 SPOT 4

Band
number

Spectral
range

(microns)
Resolution

(meters)
Band

number

Spectral
range

(microns)
Resolution

(meters)

1 0.45-0.515 30 1  0.50-0.59 20

2 0.525-0.605 30 2 0.61-0.68 20

3 0.63-0.690 30 3 0.79-0.89 20

4 0.75-0.90 30 4 1.58-1.75 20

5 1.55-1.75 30 Pan  0.61-0.68 10

6 10.40-12.5 60

7 2.09-2.35 30

Pan 0.52-0.90 15

Table 9.1. Comparison of spectral and spatial resolution: Landsat 7 and SPOT 4.

Landsat 7 and SPOT 4 images underwent the same image processing. All spectral
bands, and all combinations of spectral bands, were inspected visually for image
quality and analyzed for sensitivity to fire effect.

For Landsat 7, bands 2, 4, 5, and 7 selected spectral ranges that were particularly
effective in capturing signatures of vegetation moisture stress analysis, vegetation
turgidity, amount of vegetation biomass, and the green reflectance of healthy vegeta-
tion, respectively. With SPOT 4, bands 1, 2, 3, and 4 approximated Landsat 7 bands
2, 3, 4, and 5, respectively, with approximately the same spectral ranges (a slight
0.02- to 0.04-micron shift to right) and signature selectivity. For purposes of
comparison, before and after Landsat 7 and SPOT 4 image pairs underwent exactly
the same level of image analysis routine. Each pair:

• Was inspected, band-by-band, for perceived differences in the pre- and post-
fire images;

• Underwent change detection;
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• Underwent an unsupervised classification, initially with all bands, then with
three bands, selected for classification sensitivity; and

• Underwent NDVI (normalized difference vegetation indexing), a remote
sensing technique commonly used where vegetation is the primary reflec-
tance object. NDVI is calculated from the reflected solar radiation in the
near-infrared (NIR) and red wavelength (RED) bands via the algorithm:
NDVI = (NIR – RED) / (NIR + RED). For SPOT 4, the NIR is band 3 and
the RED is band 2. For Landsat 7, the NIR is band 4 and the RED is band 3.

Landsat image pairs underwent a recently introduced remote sensing technique,
NBR (normalized [differencing] burn ratio), which is similar to NDVI (Key and Ben-
son 1999). The NBR technique relies on the use of Landsat 7 band 4 and band 7,
spectral ranges not available in SPOT 4.

Results
Visual comparisons were made of each band, each band combination, each band

combination classification, and the successive normalizations. Random point reflec-
tance value correlations were made between, and within, the above comparisons. All
bands of both satellite platforms were capable of detecting change between the start
and end of the fire. A small amount of change was detectable outside the Outlet Fire
perimeter, but was limited to areas off of the North Rim. This was presumably due to
the differences in the before and after sun angles, inducing different ground shad-
owing in a more sparse pinyon–juniper forest type, descending into a desert scrub
community. Band combinations with the greatest differences (widest reflectance value
amplitude) between images were viewed to be most sensitive in detecting change.

SPOT. SPOT 4 sensors were the most specific (detecting the narrowest spectral
ranges), and change detection routines across individual bands were effective, but
particularly so with the combination of bands 4, 2, and 1. Unsupervised classifica-
tions were also effective, with the 4-2-1 composite being the most so. Band 3 was
ineffective in detecting the changes induced by fire across the vegetative surface of-
fered by the Grand Canyon’s North Rim forests. Performing a NDVI operation on
reflectance values (B3-B4 / B3+B4) yielded the widest amplitude (Figure 9.3).

Landsat. Change detection routines across each of Landsat 7’s seven band com-
binations were similarly effective in demonstrating change, but were most successful
in bands 7, 5, and 4. Unsupervised classifications were effective, with greater sensi-
tivity found in the combination of bands 7, 5, and 4. An NDVI operation was per-
formed on Landsat 7 bands 4 and 3, and bands 5 and 3 (to compare both NIR
bands). Visual findings supported the literature on vegetative indexing optimization
with band 4 and band 3 normalization. An NBR operation was performed on Landsat
7’s bands 7 and 4, yielding one of the wider ranges of reflectance value amplitude
differences. The greatest sensitivity to differences in reflectance values was found in a
change detection operation on the NBR performed on before and after Landsat 7
images (Figure 9.4). SPOT and Landsat image differencing from selected bands,
selected band combinations, and indexed band combinations all yielded more
change-sensitive estimations of fire severity than did visual estimation from a heli-
copter.

Discussion
Grand Canyon National Park’s entry into remote sensing was initially seen as a

way of supporting fire effects monitoring of prescribed fire management. This was to
involve a consistent annual selection of image capture dates. Those national parks
which keep annual records of the date of vegetation “green-up” will have an advan-
tage in being able to predict a “window of opportunity.” (Coincidentally, the Outlet
Fire occurred within our time frame being considered for yearly monitoring.) Shifting
to “short-term monitoring,” satellite imagery (Landsat 7 and SPOT 4) was acquired
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from two of three vendors, with image acquisition from Ikonos delayed until green-up
in 2001.

Figure 9.3. NDVI of SPOT 4, Outlet Fire, 2000.

SPOT. Differencing SPOT scene pairs required more noise filtering (changes
detected independent of the change due to fire). SPOT scene pair differencing pro-
duced a lower change value amplitude, perhaps due to the increased selectivity (nar-
rower spectral band widths) of its sensors.

For both before and after imagery, normalization of the differences between SPOT
4 bands 4 and 3 was successful, and change detection performed on these before and
after NDVI images provided the most sensitive (widest amplitude) SPOT 4 burn
severity estimation. Normalization of the differences in burn ratio requires spectral
band ranges not found with SPOT 4 sensors, and so the technique was not
performed with SPOT 4 image pairs.

Landsat. Performing a change detection operation on the band combination of 4,
5, and 7 between imagery pairs yielded the widest amplitude of any other band com-
bination, from either Landsat or SPOT imagery pairs. Performing an unsupervised
classification of the above operation resulted in a similar amplitude and spatial repre-
sentation. Recognition by the unsupervised classification of these similar values and
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shapes supports the hypothesis that the change being measured is the change caused
by the Outlet Fire. Performing a change detection operation on image pairs that had
their vegetation index differences normalized provided a more discriminating, sensi-
tive classification of burn severity. Of all operations undertaken from either satellite
platform, performing a change detection operation on image pairs that had their burn
ratios normalized provided the most discriminating and sensitive classification of
burn severity.

Figure 9.4. “Differenced” NBR of Landsat 7 before and after images.

Conclusion
Increasingly, rapid mapping of burn severity is becoming an integral part of the

wildfire suppression process. Primary usage is in burned area emergency rehabilita-
tion; specifically, to prioritize rehabilitation efforts that follow immediately after large
fire control. Mapping from the ground (or from low-elevation airborne platforms) can
be the most accurate assessment of fire severity for smaller fires. As fire area and burn
severity increases, the time- and cost-effectiveness of ground assessment diminishes
quickly. Techniques such as change detection, image classification, NDVI, and NBR
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provide increasing accurate and precise assessments of fire severity. Increased image
availability, reasonable image pricing, and the average national park GIS
department’s capability to process, enhance, and analyze satellite imagery all provide
impetus for recommending remote sensing technologies for the task of fire severity
mapping. For national parks with a need for resource monitoring, the purchase of
annual satellite imagery could go hand-in-hand with these fire management
applications. Efforts in Grand Canyon National Park are underway to incorporate
satellite imagery analysis in support of the fire effects monitoring portion of the pre-
scribed fire management program.
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10 Remote sensing technique for microtopography in
endangered species habitat

FRANK PARTRIDGE, Big Cypress National Preserve, HCR 61, Box 110, Ochopee,
Florida 34141; bicy_gis@nps.gov

History and setting
There is perhaps no more obvious an example of boundary conflicts of human

and natural systems in the whole world than the Florida Everglades. Over the last 100
years, the human population of South Florida has exploded from mere thousands to
5 million. The conflicts in values expressed in alterations to the landscape reflect how
the human values have changed.

Dividing to conquer
The Everglades are all about the need to control water. The first concerted effort,

which took place in 1906, drained Lake Okeechobee to provide water for vast sugar
cane and produce farms. Devastating hurricanes in the 1920s caused widespread
flooding, the loss of over 1,200 lives, and a public outcry for flood protection. The
U.S. Army Corps of Engineers dammed the lake’s southern end, and a wider web of
drainage canals spread across the wetlands to drain the excess water to the Atlantic
Ocean. In 1947, environmentalists succeeded in creating Everglades National Park.
In 1950, the state took management control of the water-control structures, such as
gates, weirs, and levees, under the Central and Southern Florida (C&SF) Project.
The creation of the Big Cypress National Preserve in 1974 added to the sheltered
areas, but the booming crush of tourism-borne immigration in the 1970s and 1980s
cemented the water conflicts between thriving populations and natural systems.

 The physical and political fragmentation of the original Greater Everglades Eco-
system caused the compartmentalized form and function of current managed areas.
More than half of the natural function of the original, natural Everglades—once com-
prising 10,800 sq mi—has been lost to agricultural conversion or urban development.

Dilution of powers
The federal government is the largest steward in South Florida, with about 2.3

million acres, but the South Florida Water Management District jurisdiction encom-
passes the entire hydrologic drainage basin. However, over 40 management agencies,
special districts, departments, and organizations oversee over 75 distinct managed
areas. A federal coordinating task force was organized through an interagency
agreement in 1993. The 1996 Water Resources Development Act formally integrated
25 member organizations of tribal, state, and local governments into the
comprehensive restoration scene.

As NPS Regional Director John J. Reynolds wrote, in a presentation co-authored
with Christine Schonewald:

Science will and must occupy a crucial center in the management of protected
areas in the future. The scope of our paper does not focus on the biological or
physical sciences.... Rather, it focuses on the interests of people and their values,
and the need to bond protected areas to the societies within which they exist. It
turns the early 20 th century idea of ‘boundary’ inside out—no longer is a boundary
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a line of certain demarcation.... No, today a boundary must be seen as something
like a ‘diffusion filter.’ But what a change! (Reynolds and Schonewald 1998).

 The two key points of those statements are that we must focus on peoples’ values,
and that administrative boundaries are fuzzy illusions. Scientific laws, however, fol-
low immutable rules that define the core issues.

Hanging in the balance
Extinction is an irrevocably crossed boundary. The Cape Sable seaside sparrow is

a federally listed avian species that is only found in the freshwater prairies and
marshes of the Florida Everglades. Loss of vegetative habitat and disruptions to its
nesting and breeding cycles are the most prominent reasons for the decline of the
species. The unifying cause is the water-management scenario—both cumulative and
current (Lockwood and Fenn 2000; Mayer 1998). Besides flooding nests, unnatural
alterations in the inundation duration have caused vegetation succession that has
depleted the grassland habitat of the sparrow’s preferred plant species, which is also
linked with human management of the natural wildfire cycles (Bass and Kushlan
1982; Lockwood and Logan 2000). Most professional researchers agree that the
species’ demise may be perilously close (Pimm 1998).

Summarizing the situation, the U.S. Fish and Wildlife Service (USFWS) report
Balancing on the Brink (USFWS 1998) stated that only three populations of the bird
remain. The eastern (Ingraham Highway) population is at risk from fire and cata-
strophic weather events. The flood-endangered northeastern population, now at 50%
of its former size, is not recovering. The Big Cypress population, at only 10% of its
former size, is nearly lost (Curnutt et al. 1998).

These almost-sedentary birds move only about 160 m in the nests’ home range
(Morrison and Dean 2000). Their survivability is intrinsically linked with the hy-
drology and deep soils for nest-protection vegetation density (Orians et al. 1996).

The management phrase “adaptive planning and management” acknowledges the
fact that policy and practice are tenuous experiments, to be modified as additional
knowledge accumulates. Adaptive management is composed of three elements: mod-
els, support studies, and monitoring. Models frame the concepts, support studies lead
to management alternative options, and, after an alternative is chosen, information
from monitoring the effects of implementation will refine the conceptual models or
alternative options. There are very significant gaps in the basic information and pro-
ject design. These “certainty factors” have yet to be resolved: resolutions in time and
space; process assumptions; the amount, frequency, and quality of data; calibration of
the models; and acceptable ranges of error (Goodwin 2001).

“Bathtubs and barriers”
Models used in management of the Everglades hydraulics, hydrology, and animals

include the following.

• The eminent South Florida Water Management Model (SFWMM, or
WMM) is the source of other models’ topographical inputs. Used for water
allocations since the late 1970s, it is a regional simulation of the hydrologic
cycle: rainfall, evapotranspiration, infiltration, surface and groundwater flow,
canal hydraulics, and withdrawals. Its analysis cell-size of 2x2 mi simulates
regional effects very well.

• The Natural Systems Model (NSM) simulates the hydrologic response to the
pre-drainage (pre-modern human) landscape based on estimated original
vegetation. Elevation inputs are from SFWMM. NSM relies strongly on
rainfall inputs and evapotranspiration.

• The SIMSPAR carrying capacity model uses cells of 500x500 m to repre-
sent areas of similar vegetation, topography, and hydrology, as well as
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breeding territory density habitat type for Cape Sable seaside sparrow
populations. The life history and behavioral characteristics are based on field
observations of the species over a 15-year period, and were validated using
historical records of daily water levels (Comiskey et al, undated). Although it
uses 5- to 16-cm water heights to favor nesting, it does not allow for fire
vegetation-succession effects. The model predicts the impact of proposed
alternative hydrologic scenarios (Nott 1998). The processes of mortality,
mate choice, and dispersal are expressed as simulations.

• The Across Trophic Levels System Simulation model (ATLSS) model uses
a higher-resolution form of a “pseudotopography” that is derived from the
combination of current vegetation classifications and hydroperiod classifi-
cations (USGS-BRD and IEM 1998). It models the ponding-duration and
water-level stage. It uses the SFWMM, 2-mi-square cells, but, because of
post-processing, calculates within an area of 28.5 sq m.

• The Everglades Landscape Model (ELM) recognizes the bounding effects of
levees and canals within six individual sub-basins. That is, the amount of
water going in must equal that going out, less evaporative losses to the at-
mosphere or transpiration by vegetation. This model is the theater for the
combined operational and structural tests. It is a responsive model, using
field-monitoring sites and “trigger” events.

All of the models are useful at a regional scale. All models make assumptions in the
absence of crucial data.

As the water levels change, there are extremely subtle topographical contour
changes in sparrow habitat that form moving boundaries (also known as “drying
fronts”). Regional-scale models should not be used to form predictions on events de-
pendent on a much finer scale of responses.

Using micro-topographic laser-mapping techniques, the hydrologic limitations
delineated by the moving inundation front could be accurately tracked in the field.
Knowing the timing and duration of the flooding and “dry-downs” of the grass prai-
ries is also necessary because of attempts to recover original conditions.

Solutions for understanding
More accurate topographic data will produce more realistic model results (DeAn-

gelis et al. 1998). The scientists, modelers, and agricultural interests realized this
need and convened the U.S. Geological Survey (USGS) Topography Interest Group.
Two methods were tested.

The airborne laser terrain mapper (ALTM) sensor collects backscatter readings
(incidental reflections after the light beams hit something) from up to 10,000 LASER
pulses emitted per second. The source is swinging from side-to-side along a flight
path. The resultant time differential indicates the relative elevation. This system pro-
duces enormous amounts of data over a 1,200-m wide swath. A digital terrain model
(DTM) with vertical accuracy of up to +/-3 cm can be generated, but 10 cm is what is
consistently possible. The ALTM project was a cooperative effort with the USGS
Biological Resources Division, the National Park Service, the University of Florida,
and Optech, Inc. Simultaneous orthophotography capture is available.

The USGS’s airborne height finder (AHF) uses a helicopter-mounted global po-
sitioning system unit to precisely locate its position, then a servo-mounted probe is
lowered until the servo’s clutch senses a set change in the cable-lowering resistance.
The cable length is read and topographic height calculated. The results are sur-
prisingly accurate (Desmond et al. 2000). By using the tops of surveyed benchmarks,
the AHF was calibrated to have approximately a 3-cm relative vertical error. This
program is sampling the southern Everglades on 400-m grids that will produce a
regularly sampled digital elevation model (DEM).
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Action solutions
The Army Corps of Engineers and USFWS agreed to develop reasonable and

prudent alternatives (RPAs) that are consistent with the USFWS Final Biological
Opinion (the “Jeopardy Opinion”) on the sparrows). These RPA model parameters
would be tied to the Interim Structural and Operational Plan model for year 2000.
The RPAs are explicit operating rules for water delivery, as measured at key field
sites. As an example, a rule might read: “To ensure that the water levels at NP-205
stay below 6.0 feet for a minimum of 60 consecutive days starting March 1.” There
have been agreements and test programs for water releases into Everglades National
Park over the years, such as the Experimental Water Release Project that was started
in the 1980s (NPS 1993). The Modified Water Deliveries Project, which relied
strongly on the ELM of edge-bound sub-basins, was also a monitored-release design.
That project proceeded in steps, with differing alternatives (USACE, 1992; Van
Lent, Snow, and James 1999). Allowances for rain-driven operations, triggering
events which alter the structure-management schedules, and rules for importing or
pumping between other sub-basins are today’s management reality.

Lessons for management
The important, prevalently held realization is that communication is the most

productive manner to resolve conflicts. Long-term collaboration is the preferred
mode of negotiation, because consensus is required and the concerns are too impor-
tant to be compromised. Compromise—better suited to temporary settlements while
under unavoidable time pressures—does not fit these conditions.

Input from the biological community has been effective (Pimm 2000). Hyd-
roperiod performance measures are now accountable. It is to be hoped that the effects
of modified prescribed fire management and water releases, combined with
monitoring the nesting and breeding success, will increase the available habitat and
allow the Cape Sable seaside sparrow population to survive and revive.

The scientific community has established communications forums that involve the
management and leadership councils. The formal, interagency restoration part-
nership provides a comprehensive management framework for the professional teams
to discuss issues and strategies. The more people talk, the more we find out that no
person puts any value on an extinction.
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Spatial decision support systems for assessing
impacts of landscape change in greater ecosystems

TONY PRATO, Department of Agricultural Economics / Center for Agricultural, Re-
source, and Environmental Systems, University of Missouri, 130 Mumford Hall,
Columbia, Missouri 65211; pratoa@missouri.edu

Introduction
Economists consider natural landscapes in the Pacific Northwest to be more eco-

nomically important in protecting water and air quality, recreational opportunities,
scenic beauty, and fish and wildlife habitat than in supplying timber, food, fish, and
minerals. A healthy environment is essential for a healthy economy, and the quality of
the natural environment in the Pacific Northwest has tremendous economic value and
is one of the driving forces behind increased employment, income, and industrial
diversification (Pacific Northwest Economists 1995). Unsustainable use of natural
landscapes is especially detrimental to the economies of greater ecosystems because
of their heavy dependence on scenic attractions and outdoor recreation.

A major challenge facing land managers and planners in greater ecosystems is to
distinguish between the impacts of natural and human-caused disturbances. Natural
forces, such as fire, windstorms, avalanches, landslides, tree fall, floods, insect epi-
demics, and climate variability, strongly influence and shape ecological processes.
Human activities have three major types of global impacts on the biological produc-
tivity and ecological integrity of landscapes: raising concentrations of carbon dioxide
in the atmosphere due to the burning of fossil fuels, increasing fixation of nitrogen
through the production of industrial fertilizer, and changing land use and land cover
(Hansson and Wachernagel 1999). There is general agreement that human-induced
land-use/cover changes have the most significant impact on ecosystems (IIASA 1998;
Mac et al. 1998; Vitousek 1994). Some of the most adverse impacts of land-use
changes stem from urbanization, conversion of lands to agriculture, drainage of
wetlands, and fragmentation of forests (Mac et al. 1998). Specifically, changes in land
use have a strong and dominant influence on spatial and temporal changes in the
structure and functioning of ecosystems (Vitousek et al. 1997).

This paper discusses how geospatial analytical techniques (remote sensing, GIS,
and GPS) can be used to develop a spatial decision support system (SDSS) that
allows protected area managers, resource management agencies, regional planners,
and stakeholders to predict regional changes in land-use/cover and landscape
structure, and their impacts on ecological integrity and economic activity. The SDSS
integrates three elements: a) an ecosystem-wide regional assessment of land-use/cover
changes, b) a functional model that predicts regional landscape changes in response
to biophysical and economic drivers, and c) regional impacts of predicted landscape
changes on ecological integrity and economic activity.

Regional land-use/cover changes
Regional assessment of landscape changes is evaluated in three steps. In the first,

past and current land cover maps are generated for the entire ecosystem using Land-
sat TM triplicates for the 1980s, 1990s and 2001. In the second step, a land man-
agement zone map is created by combining GIS layers for hypsography, geographic
features, administrative boundaries, existing road networks and land ownership, a
land cover map created using the triplicate scenes, and management objectives for
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different land areas. Land management zones are the geographic units for predicting
landscape changes. Three primary management objectives are used to delineate land
management zones, namely, protection, resource management, and development.
Protected zones include national parks, wilderness areas, and wildlife refuges. Re-
source management zones include special-use, general recreation, and multiple-use
areas. National forests are an example of a multiple-use area. Development zones are
devoted to residential, commercial, and industrial uses.

In the third step, landscape change patterns over time are quantified based on
landscape structure attributes, such as fragmentation, aerial extent, patchiness, patch
density, interspersion, juxtaposition, and others for each land management zone
using FRAGSTATS software (McGarigal and Marks 1995). Finally, landscape
changes between years are used to estimate transition probabilities for conversion of
land from one land-use/cover class to another in each land management zone (Baker
1989; Hall et al. 1988; Luque et al. 2000).

Functional landscape model
The functional landscape model explains how economic development affects land

use and economic activity and how land-use changes affect landscape structure and
ecological integrity. The functional landscape model consists of an economic projec-
tion sub-model and a landscape change prediction sub-model.

Economic projection sub-model. The economic projection sub-model
determines how changes in final demand alter gross output, income, employment,
and population. Final demand is the sum of personal consumption expenditure,
investment expenditure, government expenditure, and net exports (exports minus
imports). Increases in final demands are serviced in two ways. First, goods and
services flow into the local economy from other regions. The flow of money generated
in this manner constitutes the export sector. Second, increases in final demands are
serviced by production of goods and services within the geographic boundaries of the
local economy for local consumers, such as individuals, households, businesses, and
government. The flow of money generated by local economic activities denotes the
secondary sector (Summers and Field 2000). Growth in export and secondary
sectors increases residential and commercial development, production of food and
fiber, government facilities and services, transportation networks, and community
infrastructure, which in turn increases the demand for land. Growth in final demand
causes changes in land-use/cover and conversions of land from one use or cover type
to another. Gross economic output, personal income, and total employment for each
county in a greater ecosystem are determined using the Impact Modeling for Planning
(IMPLAN) models for the counties that constitute the ecosystem (Lindall and Olson
1993).

Total land required to support projected or scenario-based increases in final de-
mand are determined for the years 2010, 2020, and 2030 in each of the counties that
constitute the greater ecosystem. Specifically, estimated final demand is multiplied by
the amount of land required per $1,000 of final demand to obtain projected land-use
requirements for each sector in a county. Land-use requirements per $1,000 of final
demand for a sector are estimated by dividing the amount of land used by that sector
determined from the 2001 TM image and 2000 census data by the gross economic
output of that sector estimated from the IMPLAN model. Land-use requirements by
sector and county are used in the landscape change prediction sub-model.

Landscape change prediction sub-model. The landscape change prediction sub-
model involves two processes. In the first, the following spatially dependent
transition probabilities are used to determine the most likely land-use changes within
each land management zone in the ecosystem:

fxyt+1 = Pxytfxyt
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where fxyt+1 and fxyt are vectors of fractions of location x,y in particular land-use/cover
classes at time t+1 and t, respectively, and Pxyt is a local transition probability matrix
for conversion between land-use/cover classes in location x,y at time t. The most
likely land-use changes within land management zones in a county are determined by
combining the average transition probabilities for a land management zone with the
county land-use requirements determined using the economic projection sub-model.

In the second process, converted lands are spatially allocated within each land
management zone using a best-process technique or prescriptive technique. The
best-process technique uses the local transition probabilities to identify areas with the
highest probability of conversion. For example, if 20 acres of a zone are converted to
a particular land use, then cells with the highest local transition probabilities for
conversion to that use are selected until the 20-acre requirement is achieved. The
prescriptive technique determines the spatial pattern of land changes in a land
management zone using a multiple-criteria utility function (Prato 1999). The spatial
allocation giving the highest utility score is selected.

Ecological impacts of predicted landscape changes
Regional ecological impacts of predicted changes in land-use/cover are evaluated

using two types of landscape structure metrics: a) the frequency of object (patch)
characteristics, such as the number of patches in a specific size class and diversity of
patch types, and b) the spatial relationship between different objects, such as inter-
patch distance (Griffiths et al. 1993). These metrics influence species diversity and
abundance and other measures of ecological integrity and biological diversity. Land-
scape structure metrics include: patch number size, shape, and perimeter, patch size
coefficient of variation, isolation, connectivity, relative richness, relative evenness,
relative patchiness, matrix porosity, diversity, dominance, fractal dimension, nearest
neighbor probability, contagion, edges, and vegetative cover (Forman and Godron
1986; Turner 1989).

Economic impact assessment
County-level economic impacts are determined by substituting the projected or

scenario-based increases in final demands for 2010, 2020, and 2030 into the
IMPLAN models for the counties that constitute the ecosystem. Economic impacts
are measured in terms of county-level gross output, personal income, and
employment. Regional-scale economic impacts are determined by summing county-
level impacts.

Integration with SDSS
An SDSS offers new insights into the structure of spatial decision problems by

helping users generate new alternatives and strategies in a problem-solving process
(Wherrett 1996). The TM images, historical changes in land-use/cover based on
those images, the landscape change prediction sub-model, the economic projection
sub-model, landscape structure metrics, and supporting databases are integrated into
an Internet-based SDSS. Design and development of the SDSS utilizes client server
transactions wherein the client (user) makes a request to the server and the server
gives the results back to the client (Harder 1998). This task is accomplished using
various software, including ArcView GIS and Internet Map Server (ArcView IMS or
ArcIMS), the ArcView Image Analysis (AIA) extension, Java, JavaScript, HTML,
and Avenue programming.

The SDSS allows protected area managers, land-use planners/managers,
stakeholders, and policy-makers to: a) evaluate the ecological and economic impacts
of predicted landscape changes, b) determine tradeoffs between economic and
environmental impacts, and c) evaluate the effectiveness of alternative land-use
policies and conservation strategies in alleviating undesirable ecological impacts of
predicted landscape changes. In particular, the SDSS allows users to evaluate policies
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and strategies such as land donations, land exchanges, conservation easements, land-
use restrictions, and others (Brown 1999). The SDSS can be used to compare the
ecological and economic impacts of alternative policies and strategies.

Conclusions
Human-induced changes in land use and land cover often have significant ecologi-

cal and economic impacts that are especially acute in ecologically sensitive greater
ecosystems experiencing rapid economic development. Rapid advancements in geo-
spatial analytical techniques (remote sensing, GIS, and GPS) make it possible to de-
velop SDSSs that allow protected area managers, resource management agencies,
regional planners, and stakeholders to predict regional changes in land-use/cover and
landscape structure, and their impacts on ecological integrity and economic activity.
An SDSS is proposed that integrates an ecosystem-wide assessment of land-use/cover
changes, a functional model that predicts landscape changes in response to
biophysical and economic drivers, and an assessment of predicted landscape changes
on ecological integrity and economic activity. The SDSS incorporates TM images,
historical changes in land-use/cover based on those images, a landscape change
prediction sub-model, an economic projection sub-model, landscape structure
metrics, and supporting databases. The SDSS allows protected area managers and
others to evaluate the ecological and economic impacts of predicted landscape
changes, determine tradeoffs between economic and environmental impacts, and
evaluate the extent to which alternative land-use policies and conservation strategies
alleviate undesirable impacts of future landscape changes in greater ecosystems.
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mm interval was produced. DTM data were also imported into EarthVision Geologic
modeling software and a surface was generated. This surface was rotated in 3-D space
and viewed from various perspectives (Figure 12.5). An image of the tracks was
digitally draped over the surface, providing a virtual digital reproduction of a portion
of the track surface. These images allow paleontologists to do detailed measurements
and analyses in the lab. Valuable statistical comparisons of within-trackway and
across-trackway variability in footprint shapes can be observed and calculated. Not
only can important information be obtained about the track maker from detailed 3-D
data, but also a clearer understanding of the preservational history of the tracks and
the depositional environment can be attained.

Figure 12.3. Tethered blimp with mounted camera over the Ballroom (left).
Low-level aerial photos from the blimp of tracks in the Ballroom (right).

Documentation of a dinosaur bonebed
For the past two years, photodocumentation of a Late Jurassic Morrison Forma-

tion dinosaur bonebed (Virginia Museum of Natural History Locality 186) in the
eastern Bighorn Basin of northern Wyoming has been conducted. To capture the
spatial relationships of the fossilized skeletal material, close-range photogrammetry
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has been used. The camera blimp system was also used at this site to document the in
situ contextual relationships of articulated and disarticulated remains of Apatosaurus,
Stegosaurus, Camptosaurus, Allosaurus, Diplodocus, and Camarasaurus. Photo-
graphs of the quarry provide a visual and spatial record of the location and relation-
ships of the skeletal material extracted during each field season. A mosaic of photo-
graphs from successive years can reveal associations which could only have been
recognized if the entire bonebed was exposed at one time. These spatial relationships
can be quantified and their 3-D relationships examined in greater detail, both spa-
tially and temporally utilizing GIS.

Figure 12.4. The authors conduct photogrammetric documentation of a 1-m grid
in the Ballroom.
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Figure 12.5. Photo of a RGDT footprint (upper Left); digital contour of track
(upper right); DTM of track, planar view (lower left); and DTM of track,
oblique view (lower right).

Three-dimensional laser data collection
State-of-the-art advances in the field of laser technology have changed the face of

3-D data collection. High-speed, high-accuracy laser radar scanning systems have
made it possible to collect 800 x, y, and z data points per second. These data points
have a positional accuracy of +/- 6 mm when scanning at distances of less than 50 m.
This system returns a very precise and dense cloud of 3-D data. The laser system is a
transportable, robust field unit that provides near-real-time access to the data. An
advantage of this system is that measurements can be made directly from the point
cloud data in the field. These data can be utilized in a variety of software packages for
the production of 3-D surfaces, contours, and site visualization.

The value of laser technology to paleontology has only begun to be explored. Be-
cause of the portability of the equipment, a variety of sites and specimens have been
investigated. Variations in surface textures between bone and matrix can result in a
difference in the intensity of the laser return. This property can be utilized to distin-
guish the bone from matrix within the point cloud data. Manipulation of the data
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within a digital environment allows for virtual reconstruction of quarry sites and
skeletons. In addition, dinosaur footprints can be documented in this manner. Laser
scans can be incorporated with other documentation methodologies, resulting in
highly accurate data capture. The point cloud data can be utilized to generate a digital
surface upon which images can be draped. Three-dimensional laser imaging
technology shows great promise for the documentation, study, interpretation, and
archiving of paleontological resources.

Conclusion
Close-range photogrammetry, as well as other scientific observations, has been

integrated into a real-world, rectangular coordinate system that provides the frame-
work for a GIS of the RGDT. The GIS is used to analyze the relationships of the
scientific data in 3-D space, and to build 3-D models of select tracks found at the site.
Detailed measurements, such as DTMs and topographic contours, can be produced
for the individual tracks. These models preserve information about the footprints that
may be lost through time as the result of illegal collection, vandalism, erosion, and
human interaction, and can be used to monitor and manage the RGDT in the future.
The 3-D data collected, whether from photogrammetric analysis or laser scanning
techniques conducted systematically over a number of years, will provide insights
into the effects of weathering, including a quantifiable volume of surface material
removed (Inkpen 2000). As the data are in a digital format, they can be viewed at a
variety of scales and rotated, allowing observation at any angle. In addition, the digital
data file and the image-draped surface can be distributed over the Internet, where the
virtual fossil tracks or bones can be made available to researchers around the world,
as well as the public, to study and enjoy. In addition, 3-D data can be used for
automated casting to produce solid models (Chapman 1997).

Incorporating GIS documentation with traditional ichnology research methods in
the course of the study at the RGDT has resulted in one of the most precise ap-
proaches ever for measuring, recording, and evaluating fossil tracks. In addition,
various track documentation methodologies utilized at the RGDT are being com-
pared as to their utility. State-of-the-art technology used at this site has resulted in the
RGDT gradually becoming one of the most extensively documented dinosaur
tracksites in the world.

Paleontological sites, although “withstanding the sands of time,” can be ephemeral
due to erosion, vandalism, development, and casual human interest. In order to
preserve the value of these important scientific and education resources, detailed 3-D
data can be captured through the use of close-range photogrammetry. This imagery,
combined with surveyed ground control, can be incorporated into a GIS for viewing
and analysis. Close-range photogrammetry and GIS are being utilized at the RGDT
and a Jurassic bonebed in northern Wyoming. In addition, 3-D laser imaging also
shows exciting potential in the documentation, archiving, and research of paleon-
tological resources.
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