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SOCIETY NEWS, NOTES & MAIL 
GWS2005 proceedings published 

People, Places, and Parks, the proceedings volume of the 2005 GWS biennial conference, 

was published in April. Available both in paperback ($35) and on CD ($10), the 488-page 

book has over 80 papers from the conference, covering a broad range of resource topics. The 

volume is divided into these sections: 

• Integrated Management of Cultural and Natural Resources 

• Wilderness 

• Exotic, Invasive, and Other "Problem" Species 

• Interacting with Communities / Civic Engagement 

• Restoration and Reclamation 

• Sense of Place, Sense of Identity 

• Climate Change 

• Indigenous Peoples 

• Tourism and Visitor Use 

• Cave and Karst Ecosystems 

• Assessing the State of Natural Resources and Resource Impacts 

• Environmental Quality and Environmental Health 

• Resource Management Concepts and Methods 

• Coastal and Nearshore Marine Issues 

• Science and Management: Two Solitudes? 

• National Park Sendee Museums: Innovative Legacy, Innovative Future 

• Program and Operations Updates 

• Issues in Cultural Resource Management 

GWS members get a 25% discount on the prices quoted above. In addition, individual 

papers are downloadable from the GWS website through the link on the front page. 

Nominations open for 2 0 0 7 GWS awards 

Nominations are now being accepted for the 2007 round of Imagine Excellence, the GWS 

Awards Program. The GWS awards recognize outstanding accomplishments in fields asso

ciated with research in, management of, and communication about parks, other kinds of pro

tected areas, cultural sites, and related supporting activities. The four main awards are given 

every two years at the GWS conferences. The next round of awards will be given on 

Thursday evening, April 19, 2007, at the GWS2007 Awards Banquet (which will be held at 

the Science Museum of Minnesota in St. Paul). The awards themselves consist of a plaque, 

payment of the winner's expenses to travel to the GWS conference, and a year's complimen

tary membership in the Society. The awards are: 

• The George Melendez Wright Award for Excellence, given in recognition of senior-

level contributions on behalf of the Society or in furtherance of its purposes. This is the 
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Society's highest award, and it is reserved for exceptional achievements in any of the 

areas with which the GWS is concerned. It is a top-of-career award. 

• The GWS Cultural Resource Management Award, given in recognition of excellence 

and achievement in managing the cultural resources of parks, cultural and historic sites, 

reserves, and other protected areas. This award is generally aimed at mid-career to sen

ior-level accomplishments. 

• The GWS Natural Resource Management Award, given in recognition of excellence 

and achievement in managing the natural resources of parks, reserves, and other protect

ed areas (given in memory of Francis Jacot). This award is generally aimed at mid-career 

to senior-level accomplishments. 

• The GWS Communication Award, given in recognition of excellence in communica

tion, interpretation, or related areas pertaining to the purposes of the Society. This 

award is given specifically to recognize outstanding efforts in communicating highly 

technical or controversial park-related subjects to the public in a clear and understand

able manner. 

Nominations must be made by a GWS member, but the person being nominated does not 

have to be one. To make a nomination, and to see a list of past winners, go to 

www.georgewright.org/awards.html. The deadline for nominations is October 6, 2006. 

New website feature puts members's books in the Spotlight 

A new GWS webpage is helping Society members get the word out on recent work they've 

published. The Book Spotlight (www.georgewright.org/bookspotlight.html) features recent 

books, or chapters contributed to edited volumes, that have been published by GWS mem

bers. Here are the ground rules: 

• Books (or book chapters) must be by a current GWS member. 

• The book (or chapter) must have been published in the last 4 years (i.e., 2003-2006). 

• Publications from any source (commercial publisher, university press, government 

agency, etc.) are eligible. 

• Publications must be on a topic related to parks, protected areas, or cultural sites, or to 

related professions and activities, such as museums, nature conservation strategy, his

toric preservation techniques, and so forth. 

The Book Spotlight is a free benefit to GWS members. If you are interested in getting your 

book into the Spotlight, go to the URL above and follow the instructions at the bottom of the 

page. Even if you haven't published recently yourself, check out the breadth of your fellow 

members's interests by visiting—we already have over 20 volumes listed. 
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HSpSglmg world 
the george wright society biennial conference 

on parks, protected areas & cultural si tes 

st paul , minneso ta ap r i l 1 6 - 2 0 , 2007 

Call for Proposals 
WE INVITE YOU TO JOIN US April 16-20, 2007, for "Rethinking Protected Areas in a 
Changing World," the biennial George Wright Society Conference on Parks, Pro
tected Areas, and Cultural Sites. GWS2007 will be a week of reflection, reconnection, 
and renewal along the banks of the Mississippi River in downtown St. Paul, Minne
sota. Professionals from every field in natural and cultural resources will gather at 
GWS2007 to create America's premier interdisciplinary meeting on parks, other 
kinds of protected areas, and cultural sites. 

GWS2007 is your chance to catch up with old friends and colleagues, make 
important new contacts, get up-to-date on the latest innovations in park manage
ment, and stay current with research findings in your field. With our broad range of 
program offerings—including thought-provoking keynotes, paper and panel presen
tations, affinity meetings, and field trips—GWS2007 aims to be the park profes
sion's best all-around training value. 

For 25 years the George Wright Society has hosted these biennial meetings, in 
concert with our long-time co-sponsors, the National Park Service and U.S. Geologi
cal Survey, and conference supporter, Eastern National. Mark your calendars and 
make plans to spend a productive week at GWS2007. 
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Proposals are being accepted through October 6, 2006. Read on for more 
information and instructions on how to submit a proposal. 

The conference format in brief 
• Plenary Sessions, in which all attendees come together to consider issues relat

ed to the theme of the conference. Plenary speakers are notable in their field. 
• Concurrent Sessions, with as many as nine running simultaneously, each lasting 

two hours. Concurrent sessions can take a range of formats, including paper pre
sentations, and more audience-interactive formats such as panel discussions, 
debates, etc. You can propose to organize an entire session of Invited Papers, a 
session centered around a Panel Discussion, or else submit a proposal for an 
individual Oral Paper Presentation paper to be assigned to a session made up of 
papers on similar topics. 

• Day-Capper Sessions—a better way to cap off your day. In response to numerous 
suggestions from previous attendees, in 2005 we began offering Day-Capper 
Sessions as a way to minimize late-afternoon burnout. Day-Cappers are lively, 
audience-interactive, fun sessions with a more informal setting that run from 
4:00-5:15 PM (instead of the usual 4:00-6:00 PM period). 

• Workshops, small-group working meetings open to all conference registrants on 
a first-come, first-served basis. 

• Side Meetings, small-group programmatic, business, or affinity meetings. Some 
side meetings are open to all conference registrants; others are by invitation 
only. 

• A Poster / Computer Demo Session, which runs continuously from Tuesday 
morning through Thursday afternoon of the conference week. 

• A one-day Exposition of displays that highlight parks and other resources in the 
Twin Cities area and the Upper Midwest region. 

• Field Trips, learning experiences integrated into the conference. Field trips are 
offered on Wednesday of the conference week so you can get out and learn about 
the Twin Cities and beyond. In most cases an additional fee is required. 

• Special Events such as a welcoming reception, silent auction, evening discus
sions, the GWS awards banquet, etc. For some events an additional fee is 
required. 

Focus areas for the program 
To help orient attendees to the program, sessions are grouped into four broad 

areas. 
Preservation and Management. Conference sessions in this area focus on the prac

tice of managing natural and cultural resources in parks, protected areas, and cultur
al sites. Emphases include hands-on methods for getting the job done, programmat
ic and regulatory matters that affect park management, and leading-edge develop
ments in preservation technology and techniques. 

Science, Scholarship, and Understanding. Conference sessions in this area focus 
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on the use of scientific research to enhance our understanding and management of 
protected natural areas; on the use of scholarship in the humanities to enhance our 
understanding and management of cultural sites and cultural heritage in general; on 
the use of social sciences to understand park visitors and the sociopolitical back
ground against which parks operate; and on techniques for making sure science and 
scholarship are delivered to front-line managers in a form they can use in their daily 
work. 

Environmental Justice and Ethics. Conference sessions in this area focus on 
issues of equity as they relate to the use, understanding, and enjoyment of parks, 
protected areas, and cultural sites by people from diverse racial, ethnic, and cultural 
backgrounds; and on general issues of environmental ethics as they relate to parks, 
protected areas, and cultural sites. 

Education, Communication, and Civic Engagement. Conference sessions in this 
area focus on the educational functions of parks, protected areas, and cultural sites. 
Emphases include park interpretive programs, the interface of parks with schools 
and institutions of higher learning, the principles and practices of building appreci
ation for park resources among the general public, and training needs for park pro
fessionals. "Civic engagement" refers to active attempts by parks and museums to 
engage the public on controversial topics in order to foster the kind of informed dis
cussion that is critical to the functioning of multicultural, democratic society. 

How to submit a proposal 
We welcome proposals for Concurrent Sessions (Invited Papers or Panel Discus

sions), Day-Cappers, Workshops, Side Meetings, Oral Paper Presentations for 
assignment to concurrent sessions, Posters, Computer Demos, and the Exposition. 
Abstracts are welcome on any topic related to the Focus Areas described above. The 
deadline for proposals is October 6, 2006. For complete information on GWS2007, 
or to submit a proposal, go to: 

www.georgewright.org/2007.html 
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Visitor Impact Monitoring: Old Issues, New
Challenges—An Introduction to this Special Issue

Yu-Fai Leung and Christopher Monz

The issue of visitor impacts
ERODING TRAIL TREADS, DENUDED CAMPSITES, STRESSED WILDLIFE, and damaged tree
saplings are some common signs of visitor-induced resource impacts in national parks and
other protected areas. From an areal perspective, most visitor impacts add up to only a small
fraction of park areas and as a result typically impinge on few plants or animals. However,
such impacts are a legitimate management concern since they often affect areas that are eco-
logically or culturally significant—the very reason these places were designated as part of the
protected area system in the first place. Although not necessarily widespread, biophysical
impacts at the site level are often intense, consequently affecting the quality of visitor experi-
ences and incurring maintenance costs. In addition, since recreation sites and trails are often
dispersedly distributed, some forms of visitor impact, such as trail degradation, dispersal of
invasive species, and wildlife disturbance, can have landscape-level effects (Knight and Gutz-
willer 1995; Hammitt and Cole 1998; Buckley 2004).

VISITOR IMPACT MONITORING:
OLD ISSUES, NEW CHALLENGES

Since the passage of 1916 National
Park Service Act, U.S. national parks have
been charged with the dual mandate of pro-
viding for quality recreation opportunities
and protecting park resources. Protected
area managers in many parts of the world
also share similar responsibilities (Worboys
et al. 2005). Achieving a balance between
these two mandates is an ever-challenging
task. Indeed, visitor impacts are by no
means new problems, but they are attract-
ing increasing levels of attention as park
operational budgets lag behind manage-
ment and maintenance needs, and as park
stakeholders challenge the justification of
visitor management programs more often.

These issues come at a time with increased
visitation in some park units, more diverse
visitors, and emerging recreation activities
of unknown resource consequence.

The research response
Systematic scientific studies of visitor

impacts, often referred to as the field of
recreation ecology, can be dated back to at
least the 1930s. This line of research
became more active beginning in the late
1960s in response to growing management
concerns over increased visitation. A recent
surge of interest in visitor impact research is
related to the rapid growth of ecotourism
and concomitant concerns about impacts at



precious ecotourism destinations, which
often fall within national parks and heritage
sites (Newsome et al. 2001; Buckley 2004).

Collectively, recreation ecology work
has provided considerable knowledge
about visitor impacts in protected natural
areas (Knight and Gutzwiller 1995; Liddle
1997; Hammitt and Cole 1998), with many
studies focused on developing impact
assessment and monitoring procedures.
Methodologies are well established for
assessing current conditions of recreation
resources, but are not as proficient at moni-
toring changes over time or monitoring
harder-to-observe forms of impact. Further
challenges exist in developing monitoring
techniques in cost-effective and adaptive
ways that can be implemented in perpetuity,
providing useful and comparable data as
managerial and visitor use situations
change. In fact, most visitor impact studies
so far have been short-term assessments or
one-time studies. For example, a recent sur-
vey of wilderness areas found that only
about half of the areas had campsite moni-
toring data and 9% had trail monitoring
data (Wright and Cole 2004). In other
countries, a similar lack of attention to visi-
tor impact monitoring in protected areas is
also evident (Buckley 2004). Even for pro-
tected areas that have monitoring data, their
quality are often in question (Flood and
Colistra 2005).

The prospect
The value and utility of visitor impact

monitoring is increasingly recognized by
protected area managers. In the U.S., two
recently developed National Park Service
(NPS) programs—Visitor Experience and
Resource Protection (VERP) framework
and Vital Signs Monitoring program—have
an integral component of visitor impact

monitoring. Understanding of visitor
impacts was rated high in a recent manager
survey and training needs assessment
(Conrad 1997). At the international level,
monitoring of management effectiveness in
protected areas is now one of the most
active topics, and visitor impacts are an
important element in this endeavor. As the
need for monitoring is being institutional-
ized, it presents an excellent opportunity to
review past progress in visitor impact mon-
itoring, evaluate present challenges and bar-
riers, and explore our latest thinking in
methodology that may shape the future of
monitoring practice.

This special issue
In March 2005, a group of managers

and researchers gathered at the George
Wright Society Biennial Conference in
Philadelphia, Pennsylvania. Two sessions
were devoted to visitor impact monitoring
topics. The first session was a panel discus-
sion designed to address the issues about
the “whys” of monitoring. The second ses-
sion examined some recent attempts to
explore and refine impact monitoring meth-
ods. We invited the presenters at these ses-
sions to contribute papers to this special
issue. All contributed papers were reviewed
by at least one peer reviewer and the edi-
tors, and comments were provided back to
the authors for revision.

David N. Cole’s paper challenges us—
both managers and scientists—to advocate
for stronger recreation science programs.
He argues that in an era of increasing chal-
lenges to the authority of managers we need
visitor management decisions that are
strongly supported by data. The NPS Vital
Signs Program’s contribution to visitor
monitoring is discussed by Christopher
Monz and Yu-Fai Leung. Drawing on a

Visitor Impact Monitoring
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range of experiences across several national
parks, this work provides an important con-
text for developing key components of visi-
tor monitoring programs applicable to a
wide range of protected areas. Recent visi-
tor impact monitoring efforts have experi-
enced new technical challenges necessitat-
ing the development of new methodologies.
Solutions to some challenges commonly
encountered in trail and campsite monitor-
ing are highlighted in the papers by Jeffrey
L. Marion and Peter Newman and their
respective co-authors. Visitor interaction
with wildlife is a perennial concern for man-
agers, and Robert J. Steidl and Brian F.
Powell provide a useful summary of the
challenges of monitoring visitor impacts to
wildlife. Finally, contributions by Robert
Manning and colleagues and by James
Bacon and colleagues examine programs at
Acadia National Park and Yosemite Nation-
al Park respectively, as two examples of inte-
grated programs of visitor use and impact
monitoring.

Some common questions and chal-
lenges emerge from the ideas and experi-
ences presented in these papers, including:

1. How can we best articulate the need for
and utility of scientific and proactive
management of visitor impacts?

2. How can we design programs that are
efficient and beneficial to managers,
and given managerial constraints sus-
tainable over time? 

3. Can monitoring be adaptive in such a
way that monitoring intensity and pro-
tocols can change, if needed, based on
trends in use and impact conditions? 

4. How can we define indicators and
measures that can be more consistently
and accurately assessed?

5. How can we apply monitoring results
effectively to inform management deci-
sion-making?

This special issue provides insights on
the above questions and hopefully serves as
a starting point for more discussion and
development on this important topic. It
should be noted that all the researchers and
managers involved in this effort are strong
supporters of visitor use and access to our
protected areas. Recent critiques have sug-
gested that even the use of the term “visitor
impact” is overly negative and could deter
some from enjoying public lands. While we
are sensitive to this issue, we also acknowl-
edge the importance of maintaining re-
source and social conditions at appropriate,
sustainable levels. It is our hope that in
time, monitoring endeavors in parks and
protected areas will help assure visitor use
in these treasured places by maintaining the
important balance between visitor use and
resource protection.

Acknowledgments
The editors would like to express our

appreciation to David Harmon for his sup-
port of this effort. We thank our colleagues
for their valuable contributions and their
service as peer reviewers. We are also grate-
ful to Dr. Dave White at Arizona State Uni-
versity and Dr. Pam Foti at Northern Ari-
zona University for serving as additional
reviewers. Finally, we would like to thank
the park staff in various National Park Ser-
vice units reported upon in our papers.
They believe in the value of monitoring and
have dedicated valuable time working with
researchers in advancing the art, science,
and practice of visitor impact monitoring.

Visitor Impact Monitoring

Volume 23 • Number 2 (2006) 9

 



References
Buckley, R.C., ed. 2004. Environmental Impacts of Ecotourism. Wallingford, U.K.: CABI

Publishing.
Cole, D.N., and V. Wright. 2004. Information about wilderness visitors and recreation

impacts. International Journal of Wilderness 10:1, 27–31.
Conrad, R. 1997. National survey highlights agency training needs in the United States.

International Journal of Wilderness 3:4, 9–12.
Flood, J.P., and C. Colistra. 2005. Changes in the aftermath of natural disasters: When is too

much change unacceptable to visitors? International Journal of Wilderness 11:3,
39–41.

Hammitt, W.E., and D.N. Cole. 1998. Wildland Recreation: Ecology and Management. 2nd
ed. New York: John Wiley and Sons.

Knight, R.L., and K.J. Gutzwiller, eds. 1995. Wildlife and Recreationists: Coexistence through
Management and Research. Washington, D.C.: Island Press.

Liddle, M.J. 1997. Recreation Ecology: The Ecological Impact of Outdoor Recreation and
Ecotourism. London, U.K.: Chapman and Hall.

Newsome, D., S.A. Moore, and R.K. Dowling. 2001. Natural Area Tourism: Ecology,
Impacts, and Management. Clevedon, U.K.: Channel View.

Worboys, G., M. Lockwood, and T. De Lacy. 2005. Protected Area Management: Principles
and Practice. 2nd ed. New York: Oxford University Press.

Yu-Fai Leung, Department of Parks, Recreation, and Tourism Management, North Carolina
State University, Raleigh, North Carolina 27695-7106; Leung@ncsu.edu

Christopher Monz, Environmental Studies Department, St. Lawrence University, Canton,
New York 13617; cmonz@stlawu.edu

Visitor Impact Monitoring

The George Wright Forum10



Recreation monitoring is important
Lack of data has forced managers to

rely largely on their own personal experi-
ence and judgment to draw conclusions
about trends and even about whether or not
recreation-related problems exist. They
have had to draw on that experience and on
common sense to decide which manage-
ment actions are needed to correct prob-
lems, as well as to assess whether or not the
actions they implemented were successful.
This era of deference to professional
expertise is waning, however. Increasingly,
this approach has been deemed inadequate
and the authority of technocrats is being
challenged. There is increased acknowledg-
ment that frequent turnover of personnel
makes it difficult to rely on personal obser-
vations to assess trends, even disregarding
concerns about the biases of such observa-
tions. Varied stakeholders have different
views about what should or should not be
considered a problem, making it increasing-

ly important to defend any actions that are
taken. There is increasing uncertainty about
which management actions are most effec-
tive, and, given the costs of implementing
actions (financial and otherwise), more
importance has been attached to accurately
assessing effectiveness. Finally, there is
increased use of litigation when stakehold-
ers perceive that their interests have been
slighted.

All of this calls for a different type of
professionalism than was prevalent in the
mid-twentieth century. It calls for park man-
agement that relies less on personal obser-
vation and instinct, is more responsive to
the views of stakeholders, is guided more by
explicit management objectives, and is more
science-informed. The demand for this new
type of professionalism in recreation man-
agement has not been as shrill nor has it
come as soon as it did for management of
some other resources and values (e.g.,
wildlife). But its time has come. We can see
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Visitor and Recreation Impact Monitoring: Is It Lost
in the Gulf between Science and Management?

David N. Cole

PARK MANAGERS HAVE SELDOM HAD THE SCIENTIFIC INFORMATION ON RECREATION and its
impacts that they need. Despite allocating substantial portions of park budgets to visitor
management, few resources are typically allocated to recreation science. This is hugely prob-
lematic. Visitors are a focal species in every park and yet we have little systematic informa-
tion about how many there are, where they go, what they do, and how they impact the bio-
physical resource. In this essay I explore potential reasons why neither managers nor scien-
tists have effectively advocated for a strong recreation science program in the parks and argue
that visitor-related variables need to be a larger part of every park’s routine data collection
program.

 



it in demands for more public involvement
in decisions about recreation management,
about whether use should be limited or not.
We see it when parks are successfully sued
for not meeting legislative mandates to
address user capacity in their management
plans.

Professional management in the twen-
ty-first century must be science-informed,
and this requires a commitment to monitor-
ing. This is as true of professional programs
to protect park resources from visitor
impacts as it is of professional programs to
protect populations of grizzly bears. We
need inventory and/or monitoring data on
the location, nature, and magnitude of
impacts to assess the current condition
and—if standards exist—to decide whether
or not current conditions are acceptable.
We need monitoring data to identify trends
in the distribution and magnitude of
impacts and to assess the effectiveness of
management actions taken to protect park
resources. In the absence of such data, park
management will continue to be only as
good as the personal biases, opinions,
observations, and judgments of whoever
happens to be in charge.

Visitor and impact monitoring has been
ignored

Agencies that manage recreational
lands, such as the National Park Service,
typically spend the majority of their
resources on visitor management. They
build and maintain transportation systems
(roads, trails, etc.), as well as sites for
overnight accommodation (hotels, camp-
sites, etc.). They hire rangers to patrol.
They develop interpretation and educa-
tional programs. To protect resources and
provide high-quality visitor experiences,
they implement management programs that

can involve such diverse actions as limiting
use, regulating behavior, and restricting
where certain activities can occur. When
sites are excessively damaged, they are often
closed and restored.

Remarkably, all these resources are
expended on management without the ben-
efit of much data on visitors and their
impacts. In the National Park Service, for
example, there is reasonably good data on
overall park visitation and on overnight vis-
itors. However, most park use is day use and
there is little information on day users—
other than that they entered the park. Data
on the impacts caused by park visitors are
even sparser. In a recent survey of all the
wilderness areas in the United States, Cole
and Wright (2003) found that only 24% had
any baseline data on their visitors. Fifty-one
percent had some data on campsites and
9% had data on trail impacts. Even for
campsites, most areas had rather crude data
for a non-representative sample of sites for
only one period in time.

Why is there so little interest in moni-
toring recreation in parks when it receives
so much management attention? Why is it
common to spend more money on monitor-
ing elk or grizzly bears than on visitors and
their impacts? Is this a problem? 

It is a problem, I believe, because lack
of investment in monitoring in the past
makes it extremely expensive to use the
commonly accepted best practices for man-
aging recreation, frameworks such as Limits
of Acceptable Change (LAC) and Visitor
Experience and Resource Protection
(VERP) that are based on the establishment
of standards and that require monitoring
data (Stankey et al. 1985; National Park
Service 1997). Park administrators blame
this “new” expense on these processes,
when the real problem is that monitoring is

Visitor Impact Monitoring
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something that should have become a rou-
tine part of park operations a long time ago.
Of course it’s expensive to develop a more
professional, science-informed manage-
ment program when data have never been
routinely collected. Imagine how expensive
an elk management plan would be if nobody
had ever attempted to estimate how many
elk were in the park, the impacts they cause,
or the factors that influence the distribution
and magnitude of elk populations. Visitors
are a focal species in every park. We need to
know how many there are, where they go,
what they do, and how they affect the bio-
physical resource—just as we do for elk.
Visitor-related variables need to be a larger
part of every park’s routine data collection
program.

Lost in the gulf between science and
management

My fundamental thesis is that the lack
of attention to monitoring of visitors and
their impacts results from what I consider
to be false beliefs on the part of both man-
agers and scientists. It has been my experi-
ence from observation as part of numerous
meetings and conversations that managers
typically consider recreation to be impor-
tant but do not consider recreation science
necessary (or at least they are ineffective in
advocating for recreation science). Most sci-
entists do not even consider recreation sci-
ence to be very important, seldom assigning
it a very high priority in any hierarchy of
research needs. Consequently, neither
group takes responsibility for visitor and
impact monitoring, so monitoring gets lost
in a gulf between science and management.

Managers’ beliefs
The fact that management expends few

resources on monitoring visitation and visi-

tor impact-related variables, despite visita-
tion and impacts being such a major focus
of management programs, suggests there is
a widespread belief that management based
on common sense and personal experience
is good enough. Perhaps the prevalence of
this belief should not be surprising. Man-
agement budgets are severely constrained
and it is uncommon for either the public or
the administration to hold recreation man-
agers accountable for inadequate manage-
ment objectives, inadequate data, or an
inability to justify the management actions
they have taken. As long as agencies are
allowed to manage like this, it is likely to be
the preferred approach. It is inexpensive (in
the short-term), personally rewarding
(because managers can mold the park to
their vision of the way it should be), and
monitoring can be viewed as an unneces-
sary expense that, in times of constrained
budgets, keeps the park from doing “what
needs to be done.”

But the lack of science-informed man-
agement is problematic. It forces managers
to be more reactive than proactive—to
respond to problems rather than avoid
them. Too often they must rely on best
guesses, or anecdotal and impressionistic
information, rather than on systematically
collected monitoring data. They then select
management actions, not on the basis of
clear management objectives, but on the
basis of their personal inclinations or what
they are most familiar with. Of course, not
all parks are managed like this and many
managers would do more monitoring of vis-
itors and their impacts if more resources
were available. However, the belief that
recreation can be managed professionally
without such data is prevalent enough that
there is little impetus for expanding moni-
toring programs.
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Are recreation impacts not significant?
One potential explanation for why

most park scientists have little interest in
monitoring recreation impacts (e.g., why it
is typically not a significant part of the Na-
tional Park Service’s Inventory and Moni-
toring Program) is a belief that recreation is
not a significant threat to the integrity of
park ecosystems, to the degree that the
effects of fire suppression, invasive species,
climate change, and other threats are. I have
been in numerous meetings where this
assertion has been made. While this conclu-
sion may ultimately be warranted, I have
never heard a rigorous defense of this belief.
Recreation impacts on stationary resources
(vegetation and soil, as opposed to animal
populations) can be characterized as being
high in intensity and low in extent. A heavi-
ly used campsite, for example, is typically
almost as intensely disturbed as it could
possibly be. It retains few vestiges of its
original composition, structure, or func-
tion. Most native species are gone; vegeta-
tion and soil layers are missing; chemical
cycles have been altered, as have soil–plant–
animal relationships. However, the total
area of the park that is in this state is typical-
ly small. Although the size of the recreation
impact “footprint” is undoubtedly higher in
frontcountry and higher still in more devel-
oped park settings, studies in backcountry
and wilderness suggest that recreation
impacts on vegetation and soil (mostly on
trails and campsites) typically are confined
to 1% of the area or less (e.g., Cole 1981).

This can be contrasted with the
impacts of air pollution (or fire suppres-
sion), which, in comparison with recreation
impacts, are of low intensity and high
extent. Air pollution does cause changes in
composition, structure, and function, but
typically most native species remain, as do

most layers of vegetation and soil, and
changes in function are subtle. However,
entire parks can experience these subtle
changes, leaving no places free from this
disturbance. Are such disturbances more
significant than those caused by recreation?
And do we consider all high-intensity, low-
extent disturbances (e.g., mining) to be rel-
atively insignificant ecologically?

There may ultimately be a substantial
consensus that high-intensity, low-extent
impacts are less significant than low-intensi-
ty, high-extent impacts. For example, most
people might agree that the significance of
impacts should only be evaluated at the
scale of the landscape or region (rather than
the site). They might also agree that low-
extent disturbances, even when they are
very intense at the site scale, as recreation
impacts are, can be evaluated as low-intensi-
ty disturbances at larger spatial scales. But
this is clearly a normative judgment, not an
objective truth. Therefore, it is important to
make the criteria for evaluating significance
explicit. And if we decide that recreation
impacts are not significant enough to invest
in monitoring, what does this suggest about
the wisdom of investing so heavily in man-
aging those same impacts? 

Are recreation impacts uninteresting?
Another possible explanation for lack

of interest stems, ironically, from the fortu-
itous fact that stationary recreation impacts
can be measured directly (rather than
inferred) and that inexpensively measured
indicators (e.g., bare ground) have been
developed that make it unnecessary to rou-
tinely take expensive measurements of such
response variables as nutrient cycling.
Recreation is one of those rare threats
where it is possible to measure impacts (at
least the stationary ones) directly.

Visitor Impact Monitoring
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Conditions on campsites, for example, can
be compared with conditions on neighbor-
ing undisturbed sites, with the difference
providing a relatively accurate estimate of
the impact of recreation on soil and vegeta-
tion. Scientists who have been given the
task of quantifying the effects of air pollu-
tion or impacts on wildlife populations, in
contrast, must take periodic measures of
vegetation or of wildlife and then attempt to
estimate impacts by deciding how much of
any observed change results from natural
causes and how much from human activi-
ties of concern. Such estimates are likely to
be only as accurate as one’s untestable
assumptions about causation.

In addition, enough studies of recre-
ation impact have been conducted to clarify
many of the diverse and intense impacts
that occur wherever regular recreation use
occurs (e.g., Liddle 1997). Consequently, it
has become common to simply monitor the
extent of bare area (on trails and campsites,
for example), as an indicator of the magni-
tude of all the compositional, structural and
functional changes that have occurred
wherever there is barren ground. Much as
monitoring one’s pulse is much more cost-
effective than taking an electrocardiogram,
monitoring bare area is much more cost-
effective than measuring changes in biogeo-
chemical processes. It is important to
remember, however, that we are measuring
bare area, not because we are interested in
bare area per se, but because it is a good
indicator of the varied ecological impacts
(e.g., changes in biogeochemical processes)
that we are interested in.

The problem, I think, is that scientists
trained to study phenomena such as bio-
geochemical cycles find it much more inter-
esting to study biogeochemical cycles than
to measure indicators such as bare area.

The same probably holds true for most
other scientists, those who were trained as
botanists and wildlife biologists and would
rather study plants and animals than moni-
tor indicators such as bare area. This may
lead them to assert, as I have frequently
heard, that one is not doing “science” or
“ecological monitoring” if one is measuring
something like bare area. Although it may
be more interesting to measure the size of a
fish scale or a bear claw than the size of a
barren campsite, such measurements are no
more “scientific.”

Please do not misunderstand me. I am
not arguing that we should not study plants,
animals, and biogeochemical cycles.
However, once we have established good
indicators, and when our goal is to monitor
impacts on park resources, we should uti-
lize the efficiencies that come from using
indicators. Monitoring bare area can be as
scientifically valid and as ecologically
important as monitoring biogeochemical
cycles.

We need more recreation impact
monitoring

Regardless of the reasons, monitoring
of visitation-related variables, including
recreation impacts, is clearly being ignored
by parks that are expending substantial
resources managing visitation and associat-
ed impacts. This is hugely problematic for
several reasons. First, when more profes-
sional visitor management planning is
required (e.g., when a park is sued for not
addressing user capacity adequately), the
costs of doing a good plan seem exorbitant.
Consequently, legal mandates are often
ignored until the courts intervene and force
the agencies to comply with their mandates.
Second, without monitoring data, manage-
ment is reactive and too strongly influenced
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by the biases of whoever happens to be in
charge. And this leads to my third concern,
that not having access to reliable data—
being reactive rather than proactive—results
in incremental decision-making, the tyran-
ny of small decisions described by Kahn
(1966). The tendency is to always search
for the compromise that results in the least
controversy, which usually means the least
change from the status quo. This, in turn,
leads to creeping degradation and medioc-
rity—the last thing we want for our parks
and protected areas.

To avoid this, parks and protected
areas need to invest more in monitoring of
visitors and their impacts. Such monitoring
should be commensurate with the invest-
ment that is made in management of visitors
and their impacts. Human beings are one of
the focal species of parks and, as such,

should be given at least as much attention as
other focal species in the park. My intent in
this essay is to encourage both managers
and scientists to examine their beliefs
regarding park visitors and their impacts
and to come together to make sure that nec-
essary monitoring occurs. Managers must
recognize that their visitor management
programs need a stronger foundation in
recreation science—that heavy reliance on
intuition and personal judgment is no
longer adequate. They must be willing to
allocate more resources to recreation moni-
toring. Scientists need to reflect on how
central visitor management is to park stew-
ardship and work to build a scientific foun-
dation for visitor management, much as
they have for such programs as fire manage-
ment and wildlife management.

Visitor Impact Monitoring

The George Wright Forum16

References
Cole, D.N. 1981. Vegetation changes associated with recreation use and fire suppression in

the Eagle Cap Wilderness, Oregon: Some management implications. Biological Conser-
vation 20, 247–270.

Cole, D.N., and V. Wright. 2003. Wilderness Visitors and Recreation Impacts: Baseline Data
Available for Twentieth Century Conditions. General Technical Report RMRS-GTR-
117. Ogden, Utah: U.S. Department of Agriculture–Forest Service, Rocky Mountain
Research Station.

Kahn, A.E. 1966. The tyranny of small decisions: Market failures, imperfections and the lim-
its of economics. Kyklos 19, 23–47.

Liddle, M. 1997. Recreation Ecology: The Ecological Impact of Outdoor Recreation and Eco-
tourism. London: Chapman & Hall.

National Park Service. 1997. VERP: The Visitor Experience and Resource Protection (VERP)
Framework—A Handbook for Planners and Managers. Denver: NPS Denver Service
Center.

Stankey, G.H., D.N. Cole, R.C. Lucas, M.E. Petersen, and S.S. Frissell. 1985. The Limits of
Acceptable Change (LAC) System for Wilderness Planning. General Technical Report
INT-176. Ogden, Utah: U.S. Department of Agriculture–Forest Service, Intermountain
Research Station.

David N. Cole, Aldo Leopold Wilderness Research Institute, P.O. Box 8089, Missoula
Montana 59807; dcole@fs.fed.us



In this paper we explore the process by
which two National Park Service (NPS)
networks—the Northeast Coastal and Bar-
rier Island Network (NCBN) and the
Southwest Alaska National Parks Network
(SWAN)—developed the initial compo-
nents of visitor use and impact monitoring
programs. This discussion is useful to man-
agers and researchers interested in develop-
ing visitor use and impact monitoring proj-
ects because it constitutes an initial effort to
improve the methodology of the determina-
tion of appropriate measurement indica-
tors. We suggest that, to date, this crucial
process has not been considered with suffi-
cient rigor to satisfy either scientific scruti-
ny or managers’ needs, and intend this work
to be contributory in these regards.

Visitor impact issues received agency-
wide attention in NPS in the mid-1990s as

the agency embarked on using the Visitor
Experience and Resource Protection
(VERP) framework in general management
planning on the one hand, and launched the
nationwide Inventory and Monitoring
(I&M) program on the other. Established
under the Natural Resource Challenge ini-
tiative, the NPS I&M program is designed
to strengthen natural resource stewardship
through science and long-term monitoring
(NPS 2005a). On the monitoring side, the
Vital Signs program was created to support
the overall I&M effort by identifying impor-
tant “vital signs”—measurable attributes
indicative of ecological health. The pro-
gram is composed of 32 networks of parks
throughout the country, each of which
includes parks that share similar geograph-
ic and natural resource characteristics (NPS
2005a). NPS I&M program recognizes vis-
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Meaningful Measures: Developing Indicators of
Visitor Impact in the National Park Service
Inventory and Monitoring Program

Christopher Monz and Yu-Fai Leung

Introduction
THE CONSEQUENCES OF VISITOR USE FOR NATURAL RESOURCES is a common management
concern in parks and protected areas. Managers are often charged with maintaining park
resources in perpetuity while simultaneously allowing for an unconfined visitor experience.
In order to meet this challenge, there is widespread agreement that monitoring trends in vis-
itor use and resource condition is essential to inform the best management decisions.
Designing, conducting, and processing information from monitoring programs is often a dif-
ficult charge, however, and all too often managers need to make decisions without adequate
monitoring data. The problem is often exacerbated by an incomplete understanding of visi-
tor impact issues that invariably include ecological and human dimensions.

 



itor use as a potential threat to park
resource quality. The amount, type, and
distribution of visitor use can result in
undesirable resource impacts that ultimate-
ly can influence ecological health from the
site to the landscape scale. Accordingly, vis-
itor use and impacts were included as an
integral part of the general Vital Signs mon-
itoring framework (NPS 2005b) and were
selected as candidate vital signs for meas-
urement protocol development by several
NPS networks (Stevens et al. 2005).

For clarity, we use the term measure-
ment to refer to the attribute of the environ-
ment to be monitored. Some park monitor-
ing and planning frameworks call these
attributes indicators. The use of the term
measurement is in accord with the NPS
I&M program, which has identified visitor
and recreation use as a primary national
vital sign. Individual networks (such as the
NCBN) have developed more specific vital
signs (e.g., park usage, habitat alteration,
and wildlife disturbance). The projects dis-

cussed here identified meaningful and feasi-
ble measurements for each network vital
sign. As an example, the number of unoffi-
cial recreation sites has been identified as a
measurement of the NCBN “habitat alter-
ation” vital sign (Table 1).

Visitor use and impact monitoring in
the I&M program

Context and goals. During the period
2002–2005, two projects monitoring visitor
use and impact were initiated as part of the
Vital Signs program in the NCBN and
SWAN networks, involving a total of 12
parks (Table 2). NCBN and SWAN devel-
oped these projects to (1) determine which
of the NPS units required visitor impact
monitoring programs; (2) develop clear,
ecologically based conceptual models of
visitor threats to resources; and (3) select
and rank by importance relevant measures
of resource condition. A fourth goal, to
develop and test accurate monitoring and
sampling protocols of the selected meas-
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Table 1. Vital signs and associated measurements in the NCBN. Source: Stevens et al. 2005.

 



ures, has not been accomplished to date.
Further details on the specific components
of scoping, site visits, and specific vital signs

selected have been previously reported
(Monz et al. 2004; Monz et al. 2005; Monz
and D’Luhosch 2005).
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Table 2. Parks included in I&M visitor monitoring studies. Source: NPS Public Use Statistics Office.

 



NCBN parks generally consist of
coastal areas in the eastern U.S. with a long
history of visitor use. These areas provide
outstanding opportunities for beach recre-
ation and nature appreciation. Given their
proximity to major population centers, visi-
tation levels are generally very high. In
scoping sessions, managers consistently
reported concerns with minimizing visitor
impacts to these unique and dynamic
ecosystems, particularly in areas where visi-
tor use overlapped spatially with sensitive
species. Major network-wide commonali-
ties include trampling impacts on vegeta-
tion and soils, wildlife impacts, impacts
related to off-road vehicle use, and trash
(Monz and Leung 2003).

In contrast, SWAN parks consist of
geographically large areas far from most
major population centers with low to mod-
erate use. With the exception of Kenai
Fjords National Park, most visitors access
these areas by small fixed-wing aircraft or
by boat. Development and facilities are gen-
erally at a minimum, as most visitors seek a
wilderness-based experience on an Alaskan
scale. Managers in these parks consistently
reported challenges with determining visi-
tor use levels, locations, and activity types
given the possibility of innumerable entry
points. This, combined with numerous out-
fitter camps in and near park boundaries
and visitors seeking opportunities to view
wildlife, make visitor management in these
parks a unique challenge. Scoping revealed
several visitor impact issues across SWAN
parks, namely impacts on soil and vegeta-
tion, wildlife disturbance, and noise associ-
ated with aircraft and motorboat use (Monz
and D’Luhosch 2005).

Process component 1: Scoping. The
process of scoping and public involvement

has been applied in most land use planning
processes and in the vast majority of public
lands agencies (e.g., McCool and Ashor
1984; McCoy et. al. 1995). In terms of visi-
tor monitoring programs, understanding,
analyzing, and documenting the fundamen-
tal concerns of managers provides an initial
view of the potential location and extent of
visitor impacts to resources and some indi-
cation of the trends in park use. A full scop-
ing process also avoids the potential pitfalls
of “expert opinion,” in that scoping relies
on multiple individuals, workshop ap-
proaches, and consensus. In each of these
projects we relied on an initial scoping
process to become familiar with the park
units and to document managers’ concerns.
A second scoping phase involved site visits
to each park, often accompanied by man-
agers, and a photographic documentation
of observable impacts in the field to clarify
the nature and type of impacts to be
addressed by monitoring.

Process component 2: Conceptual
modeling. Conceptual models of important
system components and interactions have a
long history of application in the ecological
sciences and have recently been applied to
the selection of ecological indicators (Crab-
tree and Bayfield 1998; Jackson et al. 2000;
Dale and Beleyer 2001). NPS has adopted
this approach in the I&M program (Gross
2003), and both visitor monitoring projects
described here utilized this approach.
Despite the generalizations in conceptual
models, their ability to illustrate complex
interactions and the connections between
measurements and ecological processes
makes them a key component of monitoring
programs (Gross 2003).

For the visitor use projects, we chose to
develop stressor models designed to illus-
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trate the relationships between important
system components, effects, and potential
measurements (e.g., Figure 1). These mod-
els were developed based on known ecolog-
ical relationships between recreation use
and ecosystem components well estab-
lished in the recreation ecology literature
(e.g., Hammitt and Cole 1998). The mod-
els were the first step in the measurement
selection process. The intent of these mod-

els is to illustrate specific sources of stress to
the ecosystem (in this case the varous com-
ponents of recreation use) and resultant
consequences to particular ecosystem attri-
butes of interest. Other efforts in the I&M
program have also used stressor models to
guide their monitoring efforts (Gross
2003).

A soil disturbance model (Figure 1)
provides an example of this process. Four
agents of change (in this case the compo-
nents of recreation use) can lead to soil dis-
turbance: visitor density, visitor distribu-
tion, visitor activity type, and visitor trans-

portation (i.e., mode of transport). These
agents can lead to soil disturbance through
different stressors such as trampling, scuff-
ing, displacement of soil, vehicle tracks, etc.
The ecosystem responds to these stressors
by exhibiting soil compaction, soil expo-
sure, and reduction in air, water, and root
permeability. The exposure of soil results in
erosion, loss of organic matter, loss of soil
nutrients, and changes in soil texture.

Changes in soil biota
and nutrient cycling
occur when there is a
reduction in air, water,
and root permeability
and results in erosion,
loss of organic matter,
loss of soil nutrients,
and changes in the soil
texture. The model
clearly illustrates the
role of two potential
measurements of soil
d i s t u r b a n c e — s o i l
compaction and soil
exposure (vegetation
loss)—in the selected
system processes.

Process component 3: Vital Signs
measure selection and ranking. At the
beginning of the visitor monitoring proj-
ects, numerous sources were consulted to
identify candidates for applicable measures.
These sources included the scientific litera-
ture, I&M Network program guidelines,
findings from the scoping process, and the
conceptual models developed for visitor
impacts (e.g., Figure 1). The vital sign
measures that were selected are derived
from the three major components of visitor
impact conceptual models; namely, agents
of change, stressors, and ecosystem
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Figure 1. A soil disturbance stressor model for visitor monitoring.



responses. An example of some of the can-
didate vital signs measures for visitor use
and soil and vegetation disturbance is pro-
vided in Table 3, along with associated
monitoring approaches.

Criteria for ranking vital signs
Not all of the candidate vital sign meas-

ures identified can or should be implement-
ed in a monitoring program. With all moni-
toring efforts, practical considerations, such
as the monetary cost, staff time, measure-

ment protocol complexity, and importance
to park management should play a role in
determining a feasible approach. A process
for ranking and selecting candidate vital
sign indicators for protocol development is
therefore an essential next step.

Several recent studies have suggested
approaches for the selection of general eco-
logical indicators (CAC 1995; Jackson et al.
2000) and visitor impact indicators (Belnap
1998; GYWVU 1999; Manning et al.
2005). For these studies we modified the
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Table 3. Examples of candidate vital signs, monitoring approaches, and specific measures identified in both the NCBN and
SWAN visitor use and impact projects.



existing approaches and developed a set of
fourteen selection criteria to evaluate the
candidate vital signs (Table 4). The first
four are required criteria that must be ful-
filled by any candidate indicator to be con-
sidered for selection; the remaining ten are
optional criteria that are used for evaluating
the desirability of candidate indicators that
have met the required criteria.

For example, the SWAN project uti-
lized a criteria-based selection process that

yielded a ranked list of vital signs measures
(Table 5). All sixteen candidate measures
identified for consideration were evaluated
based on a plus/minus scale for the fourteen
criteria described in Table 4. Tallies of these
ratings resulted in an overall score for each
measure and resulted in a ranked list of can-
didate vital signs for adoption by the net-
work and for further protocol development.
High-priority indicators are those recom-
mended for adoption in the network’s Vital
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Table 4. Evaluation criteria for candidate vital sign indicators. The first four criteria are required, while the remaining ten
are desirable (see text). Criteria based on Belnap 1998, CAC 1995, GYWVU 1999, and Manning et al. 2005.

 



Signs monitoring program, while the low-
and medium-priority indicators require
additional discussion by the network as to
whether these should be examined further.

Conclusions and future challenges
Integrating visitor use and impact

measures into the NPS I&M program is an
on-going process. The experience gained
from these projects will allow future efforts
in visitor monitoring in I&M to be devel-
oped more easily, and can help managers
working in other contexts to improve their
programs. In addition to the preceding sug-
gested process components, several overall
conclusions are evident based on our expe-
rience with the projects.

First, most managers surveyed in the
two projects were concerned about visitor
impacts on natural resources. Through
independent field scoping of observable
impacts, we concluded that the information
gathered in the managers’ scoping was a

sound representation of visitor use and
impact patterns. Moreover, scoping was an
important step in familiarizing park staff
with the goals of the monitoring project and
for external researchers to learn about the
parks. Essentially, our experience suggests
that a thorough scoping process and contin-
ued involvement of managers during the
measurement selection phase is an essential
component in a successful program.

Throughout the scoping and measure-
ment selection process of both projects it
became clear that the visitor element is an
integral part of natural resource steward-
ship for most managers. Despite this con-
sensus, there were strong and sometimes
conflicting opinions on the importance and
components of a monitoring program.
Building a consensus among all parties,
including managers, NPS scientists and net-
work coordinators, and external researchers
is a critical first step needed to facilitate the
remainder of the process.
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Table 5. A prioritized list of candidate vital signs.

 



One of the most essential measure-
ments in visitor monitoring is the measure
of visitor use and distribution. This infor-
mation often is of the highest priority to
managers, but must be interpreted with cau-
tion because use information is much more
relevant to natural resource stewardship if it
is combined with some measure of resource
condition. Past research on visitor impacts
has found that the use–impact relationship
is generally curvilinear ,with the majority of
impact occurring with initial use. The
degree of impact also depends on the type
of activities, actual behavior, and the resist-
ance and resilience of the ecosystem. A
complete monitoring protocol for the visi-
tor element should include a concerted
effort involving recreation ecologists and
social scientists on use and impact compo-
nents that would yield meaningful data on
both.

From a technical perspective, achiev-
ing the balance between precision, accura-
cy, and efficiency is as important for moni-
toring visitor use and impacts as for other
monitoring efforts. Visitor use and impacts
are dispersed and complex, and as such are
very challenging to monitor at large geo-
graphic scales. Given the perennial con-
straints on human resources to perform
actual monitoring, field efficiency is critical
and more research at optimizing protocols
needs to take place (see the article by
Newman et al. in this issue). The selection
of vital signs and measures should pay
attention to this limitation early on and
throughout the steps of protocol develop-
ment. Routinely collected geospatial data
may offer an efficient means to complement
field-based monitoring. The potential of
this kind of integration is still yet to be fully
realized and represents an opportunity for

continued methodological research.
Despite its dispersed nature, visitor use

and its associated impacts do have some
predictable patterns. The number of recre-
ation sites is often finite and can be evaluat-
ed in its entirety to provide the full picture
of impact patterns. While sampling is the
common language and appears to be the
only scientific approach to monitoring in
the I&M documents, censuses may be pos-
sible and even more effective for some visi-
tor use and impact indicators, unlike other
types of natural resource vital signs. The
value of censusing should be explored in
visitor monitoring programs, along with a
careful evaluation of the benefits and costs.

Arguably the most significant challenge
we encountered in these projects was the
lack of recognition of standards develop-
ment as an important component of a mon-
itoring effort. The use of “indicator and
standards” approaches has gained nearly
universal support in the recreation manage-
ment field and has been adopted by NPS in
the context of the VERP planning frame-
work (NPS 1997). We see this as a great lim-
itation to this work and other similar efforts,
because monitoring without associated
standards often results in confusion as to
when a management action is appropriate.
We hope that future visitor monitoring
efforts in the I&M program will make
allowances for standards development.

As visitor use and impacts become a
greater threat to natural resources, and as
research attention to this issue increases,
there is reason to hope that more and better
thinking on monitoring approaches and
designs will lead to a strong set of scientifi-
cally valid protocols that exemplify a truly
integrated, adaptive, and multidisciplinary
approach.
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When monitoring and mitigating
resource impacts related to visitor use, man-
agers must decide which indicators to mea-
sure and how often to monitor such condi-
tions. All too often, managers and re-
searchers collect large amounts of data that
are left unanalyzed. In this case, researchers
can support parks by providing an “effi-
cient” means of collecting and analyzing
data. In this case, “efficiency” is defined as
collecting the most amount of robust data
for the least amount of expenditure (both
personnel/volunteer energy and money).
This assumes that higher sample sizes will
yield more precise results. More work in
support of managers’ monitoring and data
analysis needs will contribute to their con-
tinual efforts to maintain high-quality recre-
ation opportunities.

Protecting both resources and visitor
experience can be very challenging for
parks and related areas. Managers often rely
on objectives-planning frameworks such as
LAC and VERP to accomplish their aims.
At the heart of management by objectives-
planning framework are the setting of
appropriate management objectives, the
development of associated indicators and
standards of quality, and a strong and con-
sistent monitoring program that signals
when management action should be taken.
Over the last several years, there has been
much discussion about the efficacy of such
planning frameworks (McCool and Cole
1999; Manning and Lawson 2002). More-
over, budget constraints have forced many
parks to do more work with fewer people,
and often monitoring and analysis of data
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Monitoring Campsite Proliferation and Conditions:
Recent Methodological Considerations

Peter Newman, Christopher Monz, Yu-Fai Leung, and David M. Theobald

Introduction
PROTECTING RESOURCE AND VISITOR EXPERIENCE CONDITIONS IN U.S. NATIONAL PARKS,
wildernesses, and similar protected areas is mandated by federal policies (e.g., Wilderness
Act of 1964, National Park Service Act of 1916) and requires development of monitoring
protocols that allow managers to detect visitor use and resource impact trends as well as to
evaluate management effectiveness. “Resource impact,” in this case, is defined as any unde-
sirable visitor-related biophysical change to such resource components as soil, vegetation,
wildlife, and water (Leung and Marion 2000). The need for monitoring has become more
important as a result of the growing adoption of visitor capacity management frameworks for
protected areas, such as Visitor Experience and Resource Protection (VERP) and Limits of
Acceptable Change (LAC). As visitor use in wilderness continues to rise, types of use con-
tinue to diversify, and fiscal budgets become tighter, managers are challenged to find time and
money to conduct quality visitor impact monitoring programs.

 



have fallen by the wayside. For all of these
reasons, researchers and managers must
work together to develop creative ap-
proaches to collecting data that acknowl-
edge the constraints faced by managers in
the field.

What follows is an examination of new
methodological approaches that may allevi-
ate some campsite monitoring challenges.
This paper reports preliminary findings
from two on-going studies that are using
alternative geospatial and photographic
approaches to document campsite prolifer-
ation and conditions, respectively.

Monitoring camping impacts
Camping activities can induce substan-

tial and often localized resource impacts
that can affect soil (soil compaction and ero-
sion), vegetation (loss of ground vegeta-
tion), wildlife (habitat alteration), and water
(increased turbidity) (Hammitt and Cole
1998; Cole 2004). If unchecked, camping
impacts are likely to intensify and prolifer-
ate, and can become a vector for invasive or
exotic species, resulting in substantial soil
and vegetative degradation as well as a com-
promised visitor experience (Hammitt and
Cole 1998; Newman et al. 2005). Research
on campsites suggests that the relationship
between level of use and level of many
impact variables is curvilinear, with the
majority of impact occurring with initial use
(Hammitt and Cole 1998). In addition,
recent studies have shown that the prolifer-
ation of new campsites is a major contribut-
ing factor to the increase in total campsite
impact (Cole 1993, 1996; McEwen et al.
1996). Because of this tendency for camp-
ing impacts to expand and proliferate, man-
agers are often eager to monitor both the
number and condition of campsites in the
backcountry.

Monitoring camping impacts is logisti-
cally challenging in backcountry and
wilderness areas due to the dispersed distri-
bution of sites over the landscape and asso-
ciated field time involved. Yet, it is impera-
tive to create a robust and efficient campsite
monitoring program that will inform visitor
capacity management frameworks and
adaptive management approaches (Grum-
bine 1994). Recent advances in geospatial
techniques have benefited campsite and
trail impact monitoring, especially the use
of global positioning system (GPS) technol-
ogy to document location of sites and
impact attributes (Leung and Marion
2000). In contrast, while geographic infor-
mation systems (GIS) have been utilized to
derive spatial sampling strategies in land-
scape ecology and conservation biology
(Theobald 2005), little attention has been
paid to the potential of adapting the same
concepts to facilitate campsite impact mon-
itoring. In addition, site monitoring proto-
cols have seen very little advancement since
initial development (Cole 1981) and subse-
quent modification (Marion 1991). Al-
though the methods remain sound, some
aspects—such as the measurement of camp-
site size and estimation of vegetation
cover—can be challenging to conduct con-
sistently over multiple years and with sea-
sonal personnel. A re-examination of these
methods in light of new available technolo-
gy may offer increased measurement effi-
ciency, precision and consistency.

Methodological considerations for 
monitoring campsite proliferation:
Yosemite National Park

In the spring of 2004, managers from
Yosemite National Park were challenged to
estimate the total number of campsites as an
indicator of campsite proliferation in the
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wilderness zone of Merced River corridor
in order to protect the “outstandingly
remarkable values” outlined in the 1968
Wild and Scenic Rivers Act. The Merced
River corridor within Yosemite is designat-
ed “wild and scenic” and is approximately
80 miles in length and is one-half mile in
width. The corridor has two designated
camping areas but most of the use is consid-
ered to be dispersed. The amount of field
time that could be devoted to this task by
the park staff was very limited. Based on
these challenges, efficient methods needed
to be developed that would enable the
measurement of the number of campsites in
a short period of sampling.

Methods. The above challenges
brought together a team of people interest-
ed in finding new ways to monitor campsite
impacts within a wilderness corridor. The
new campsite impact monitoring protocol
would have to consider that managers
pressed for time may not to be able to mon-
itor as frequently as they would like because
of reduced budgets, fewer staff, and other
stochastic events such as weather, medical
emergencies, and unforeseen circum-
stances. In this case, managers needed to
understand the trade-offs associated with
the amount of data collected and precision
needed when deciding the number of days
or times that an indicator is measured.

During the summer and fall of 2004,
researchers and park staff convened and
chose five spatially explicit factors that,
based on previous park research as well as
managerial opinion, strongly influence the
likelihood of finding campsites along the
Merced River corridor. The factors includ-
ed: distance from trailheads, landscape
slope, distance from water, distance visitors
tend to travel off trail, and presence of des-
ignated no-camping zones. For each of the

factors, a map layer was developed to repre-
sent the feature in question. For example,
since the distance from water is an impor-
tant site selection criterion, a map layer fea-
turing all water bodies within the river cor-
ridor was created. Based on these maps, a
function was generated that relates the spa-
tial location to the probability of having a
campsite located there. These five factors
were combined (equally weighted) by mul-
tiplying their probability to generate an
overall model of “camping probability”
(values of likelihood of being selected in the
sample) surface from which sampling
points were drawn. (The probabilities were
represented on a 0–1 scale, with 0 being
“unlikely” and 1 being “most likely” to find
a campsite based, for example, on distance
from trail.)

The sampling points generated were
well distributed (spatially balanced) and
based on the total “campable” area and spa-
tial autocorrelation. Spatial autocorrelation
is based on Tobler’s First Law of Geo-
graphy, which captures the idea that every-
thing is related to everything else, but “near
things are more related than distant things’’
(Tobler 1970). For each point, Universal
Transverse Mercator (UTM) coordinates
were provided that enabled managers to
navigate to the specific sampling point
using GPS units. At each sample point,
rangers looked for signs of a campsite with-
in a 50-m radius of the location. Campsites
were recorded as a 1 (campsite was found)
or a 0 (campsite was not found).

Results. Based on the parameters
above, 5,466 acres were identified as “cam-
pable.” One hundred points, representing
location, were then selected and prioritized
within the campable surface. Yosemite man-
agers determined that they could visit 30
points during the summer field season.
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During the summer of 2004, 29 points were
visited and the surrounding 50-m area
assessed, with 5 campsites being found
(Figure 1). Because the samples were drawn
from the population of campable locations
using an unequal inclusion probability, we
weighted the importance of each sample
based on the inverse of their inclusion prob-
ability. That is, the more likely that a loca-
tion was sampled (e.g., approaching 1.0),
the smaller the weight, and the less likely
that a location was sampled (e.g., 0.1), the
larger the weight (1/0.1 = 10). The strength
of using a probability-based sample is that a
statistically reliable estimate of the popula-
tion can be determined. Using “conven-
ience” samples does not allow one to infer a
total population.

Weights for each of the 29 samples
were computed to determine the propor-

tion of the total campable area each sample
represented. The five samples where camp-
sites were found totaled 7.91%, meaning
that roughly 8% of the campable area had
evidence of a campsite. This translates to
roughly 432.3 acres that are “camped on”
in the wilderness portion of the Merced
River corridor. Because the size of camp-
sites is variable, an exact number was not
determined, but the researchers as well as
park managers decided that total acreage
may be a better basis from which to deter-
mine a standard, as the total footprint of all
campsites could serve as a better ecological
measure.

Total time expenditure. The total
sampling time for this effort was eight days,
including three days on the main stem of the
Merced River and 5 days on the South
Fork. While refinements and validations are
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Figure 1.  Campsite sampling points along the Merced River.

 



needed, this GIS-enhanced monitoring
approach has the potential of allowing park
staff more flexibility in monitoring based on
their field visit schedule and provides a
more efficient approach to estimating the
potential impacts of campsite proliferation.
In addition to campsite proliferation, the
degradation of established campsite re-
source conditions is another significant
management concern. New methods now
being used can provide an efficient means
to collect such data.

Methodological considerations for
assessing campsite conditions

There is nearly universal agreement
among park and protected area managers
that assessment and monitoring of visitor
site conditions is important to meet man-
agement objectives for many areas. This
agreement largely stems from the impor-
tance of site conditions to the visitor experi-
ence and from the importance of tracking
changes in resource condition. These types
of assessments have a relatively long history
in recreation management, with observa-
tions dating back at least to the 1930s
(Bates 1935) and 1940s (Sumner 1942).
Subsequent efforts focused on campsite
conditions have led to improved method-
ologies, some of the most significant
being the development of condition-
class rating systems (Frissell 1978),
multi-parameter assessment methods
(Cole 1981), and the variable radial
transect method for the measurement of
site size (Cole 1981; Marion 1991).
More recently, campsite assessments
have routinely incorporated GPS/GIS-
based mapping of site locations (e.g.,
Monz and Twardock 2004). Although
some minor measurement improve-
ments have also been recently accom-

plished, most recent studies follow proto-
cols similar to those of Marion (1991).

Despite the value of conducting visitor
site assessments, managers continue to
experience challenges in collecting data in
the field and in analyzing and maintaining
them. Moreover, the time required to per-
form measurements at each site, particular-
ly the radial transect measurement, can be
problematic for field staff. Continued
improvements of assessment methodolo-
gies to address these concerns are needed in
order to foster an increased application of
monitoring techniques.

Possible solutions. Digital photogra-
phy of field sites, combined with image
analysis of the digital photos, is a method-
ological option for addressing some of the
above challenges (Monz and D’Luhosch
2006). In this technique, a compact digital
camera with a wide-angle lens (20-mm stan-
dard focal length) is held on a boom (2.5–3
m in length) over the center of the campsite.
Photos are taken with the lens pointed
directly downward, with the image captur-
ing a site approximately as large as 5x7 m
(Figure 2). Larger sites can be documented
by using a series of slightly overlapping
photographs and using readily available
panoramic features in photo software (e.g.,
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Figure 2. Example of an overhead image of a backcountry campsite.

 



“Photomerge” in Photoshop Elements).
GPS location data can be included by either
separate data collection, or by automated
means with a direct connection to the cam-
era or by utilizing software that associates
digital photos with GPS points (e.g.,
MediaMapper, Trimble Navigation). Image
analysis of photos allows the determination
of an overall percent vegetation cover and
for a determination of total site area by
counting specified pixels in the image.
Several software options exist for this pur-
pose, including some inexpensive and easy-
to-use programs (e.g., Able Image Analyzer,
Mu Labs, Inc).

Conclusions and future directions.
Preliminary analyses from the assessment of
36 forest understory campsites, using a dig-
ital photo-image analysis protocol, suggest
that the methodology would increase preci-
sion of campsite vegetation cover and size
estimates, while decreasing time require-
ments for field staff (Monz and D’Luhosch
2006). Computer analysis can be accom-
plished in five to ten minutes per campsite,
depending on whether image editing in
Photoshop is required. This method seems
particularly promising for increasing the
precision of vegetation cover measure-
ments, which heretofore were categorical
ratings with undetermined error (e.g.,
Marion 1991). With image analysis, an aver-
age of 4% error was found in measurements
on images of known vegetation cover, rang-
ing from 5% to 75% (Monz and D’Luhosch
2006). Further development of this proto-
col by applying the technique to a wide
range of environments will determine
whether it could be suggested as a viable
option for managers implementing moni-
toring programs.

Discussion and implications
Managing and monitoring campsite

impacts is an important part of protected
area management, and timely and valid
monitoring data can inform management
decisions. While park managers should
invest in monitoring and incorporate the
results into their management decision-
making, they are also stretched thin by vari-
ous demands. Researchers should be cog-
nizant of such realities and help managers
do their jobs better by developing more effi-
cient and flexible monitoring protocols.
New technologies and techniques, such as
those suggested in this paper, provide
opportunities to increase field efficiency
and should be utilized as appropriate.

When deciding on campsite monitor-
ing methods there is always a trade-off
between effort (time collecting data) and
accuracy (amount of data collected). For
example, while monitoring data coming
from a census of campsites could provide
the most accurate and precise picture of
campsite distribution, their value and sensi-
tivity for detecting trends of campsite prolif-
eration (as a warning sign) are very limited.
Typically a complete census cannot be done
very often due to the amount of effort and
resources required. For example, a com-
plete census of backcountry campsites was
done in Yosemite in 1972 and took 28 peo-
ple a full summer to complete (Boyers et al.
2000).

The digital image analysis techniques
illustrated here represent an option for
managers needing to minimize the field
time and complexity of site assessments.
Field staff can be equipped with a compact
digital camera and GPS receiver and con-
duct assessments very rapidly, perhaps even

Visitor Impact Monitoring

Volume 23 • Number 2 (2006) 33

 



concurrently with other field duties. Mea-
surements of images and subsequent data
analysis can be performed in the office dur-
ing the low use season.

Despite being preliminary in nature,
the results presented in this paper represent
some of the current thinking in harnessing
accessible geospatial and digital imaging
technologies to improve campsite impact

monitoring. If fully developed, these new
techniques can substantially increase field
efficiency and encourage more monitoring
to be performed by the park staff. Good,
flexible, procedures can help parks obtain
more spatially robust data in order to make
informed management decisions and prior-
itize management goals.
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Visitor impact monitoring is also an
integral component of evaluating carrying
capacity, which is defined under the NPS
Visitor Experience and Resource Pro-
tection (VERP) framework (Manning et al.
1995; NPS 1997) as the type and level of
visitor use a park can accommodate while
sustaining resource and social conditions
that complement the purposes of the park
and its management objectives. The VERP
framework specifies desired resource and
social conditions and incorporates indica-
tors and standards of quality that quantify
impact acceptability and impairment.

Visitor impact monitoring is an essential
component for periodic evaluations of cur-
rent conditions to compare against stan-
dards or to evaluate the success of manage-
ment actions. Visitor impact monitoring is
also a component of the NPS Vital Signs
Monitoring Program, which seeks to moni-
tor selected biophysical indicators that rep-
resent the health or condition of park natu-
ral resources. Visitor use is frequently a pri-
mary “agent of change” affecting park vege-
tation, soil, wildlife and water resources.

This paper aims to highlight selected
examples of current research on addressing
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Monitoring Trail Conditions: 
New Methodological Considerations

Jeffrey L. Marion, Yu-Fai Leung, and Sanjay K. Nepal

Introduction
THE U.S. NATIONAL PARK SERVICE (NPS) ACCOMMODATES NEARLY 300 MILLION VISITORS

per year, visitation that has the potential to produce negative effects on fragile natural and
cultural resources. The policy guidance from the NPS Management Policies recognizes the
legitimacy of providing opportunities for public enjoyment of parks while acknowledging
the need for managers to “seek ways to avoid, or to minimize to the greatest degree practica-
ble, adverse impacts on park resources and values” (NPS 2001). Thus, relative to visitor use,
park managers must evaluate the types and extents of resource impacts associated with recre-
ational activities, and determine to what extent they are unacceptable and constitute impair-
ment. Visitor impact monitoring programs can assist managers in making objective evalua-
tions of impact acceptability and impairment and in selecting effective impact management
practices by providing quantitative documentation of the types and extent of recreation-
related impacts on natural resources. Monitoring programs are explicitly authorized in
Section 4.1 of the Management Policies:

Natural systems in the national park system, and the human influences upon them, will be
monitored to detect change. The Service will use the results of monitoring and research to
understand the detected change and to develop appropriate management actions.

 



methodological challenges associated with
the development of trail assessment and
monitoring procedures as applied to formal
and informal trails. The discussion is by no
means a representation of all important
issues; rather, it reflects the major chal-
lenges faced in recent visitor impact studies
in which the authors were involved.

Trail impacts and monitoring methods
One activity that virtually every park

visitor engages in is walking on trails. Even
light traffic can remove protective layers of
vegetation cover and organic litter from for-
mal or informal “visitor-created” trails
(Cole 2004). Trampling can alter the
appearance and composition of trailside
vegetation by reducing vegetation height
and favoring trampling-resistant species
(Cole 1995). Visitors and livestock can
introduce and transport non-native plant
species along trail corridors, some of which
may out-compete undisturbed native vege-
tation and migrate away from trails (Tyser
and Worley 1992). Visitor traffic can also
compact soils, widen trails, exacerbate
problems with muddiness, and accelerate
soil erosion (Leung and Marion 2000). Soil
erosion, unlike most other forms of trail
impact, is critical because it is not self-limit-
ing. For example, soil loss on 328 mi of sur-
veyed trails in Great Smoky Mountains
National Park exceeded 1 ft below the esti-
mated post-construction tread surface at
734 locations (14.6 mi; 4.5%), and exceed-
ed 2 ft at 100 locations (2.51 mi; 1.1%)
(Marion 1994).

Trail impact assessments and monitor-
ing seek to describe resource conditions
and impacts for the purpose of document-
ing trends in trail conditions, investigating
relationships with influential factors, and
evaluating current conditions in light of

management standards of quality or the effi-
cacy of corrective actions. A variety of
assessment and monitoring methods have
been developed for formal trails and are
described in the literature, as reviewed and
compared by Cole (1983) and Leung and
Marion (2000). These methods may be
classified into two main groups based on
monitoring approaches (Leung and Marion
2000). Sampling-based approaches employ
either systematic point sampling, where
tread assessments are conducted at a fixed
interval along a trail (Cole 1983, 1991), or
by stratified point sampling, where sam-
pling varies in accordance with various stra-
ta such as level of use or vegetation type
(Hall and Kuss 1989). Alternately, census-
based approaches employ either sectional
evaluations, where a trail is divided into sec-
tions with assessments made for each sec-
tion (Bratton et al. 1979), or problem cen-
sus evaluations, where continuous assess-
ments record every occurrence of prede-
fined impact problems (Cole 1983; Marion
1994; Leung and Marion 1999a). More
elaborate and time-consuming methods for
accurately characterizing soil loss (Leonard
and Whitney 1977) and vegetation changes
(Hall and Kuss 1989) have also been devel-
oped.

Relatively less attention has been paid
to assessing and monitoring informal visi-
tor-created trails (often also referred to as
“social trails”). Most previous monitoring
studies on informal trails have focused on
their proliferation in the park landscape
rather than resource conditions or tread
conditions. Three main monitoring
approaches have been developed specifical-
ly for informal trails. Some past visitor
impact studies had informal trails included
as an indicator, with the level of prolifera-
tion assessed by tallying the occurrence of
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informal trail segments extending from for-
mal trail networks or recreation sites
(Marion 1994; Leung et al. 2002). Alterna-
tively, the entire social trail network of a
park or selected portions of a park can be
inventoried and mapped (Cole et al. 1997;
Leung et al. 2002). Most of these studies
have also incorporated condition-class rat-
ings to the assessments. Finally, very few
studies have actually monitored social trail
networks more than one time to enable a
temporal evaluation (Yosemite National
Park 2005). Due to the extensive nature of
some informal trail networks, the efficiency
of field assessments is a particular concern.
The advent of geospatial techniques seems
to provide potential solutions to this chal-
lenge, though such technologies benefit
monitoring of formal trails as well.

Sampling-based or census-based?
Given the diverse array of trail condi-

tion assessment methods, an important
consideration is selection between a sam-
pling-based or census-based approach. In
contrast to many other forms of monitoring,
a sampling method may not necessarily
confer a substantial savings in assessment
time as most methods require hiking all or
nearly all of the selected trails. For example,
two leading methods, systematic point sam-
pling and problem census, each require sur-
veyors to hike the entire trail, but trails in
good condition would require fewer stops
to document trail impacts so the problem
census method would be more efficient.
Marion and Leung (2001) evaluated both
methods on a common segment of the
Appalachian Trail in Great Smoky Moun-
tains National Park. They concluded that
the point sampling method provides more
accurate and precise measures of trail char-

acteristics that are continuous (e.g., width
or depth) or frequent (e.g., exposed soil).
The problem census method is a preferred
approach for monitoring trail characteris-
tics that can be easily defined (e.g., exces-
sive erosion) or are infrequent, particularly
when information on the location and lineal
extent of specific trail impact problems is
needed. However, measurements for this
method sometimes require judgments that
may be subjective regarding where the
impact problems begin and end (e.g., where
excessive muddiness or erosion > 6 in be-
gins and ends).

Condition classes
Condition-class systems are commonly

used in visitor impact monitoring (Leung
and Marion 2000). Until recently, applica-
tions of such systems were largely restricted
to parks in North America and Aus-
tralia/New Zealand. The third author devel-
oped a set of four qualitative trail condition
classes (Table 1) and applied them to 55 mi
of high-use tourist trails in Sagarmatha
(Mount Everest) National Park, Nepal
(Nepal 2003). The descriptive statements
employed in defining the condition classes
were based on findings from prior applica-
tion of several measurement-based trail
degradation procedures. Results indicated
that there were 69 Class I segments (7.7 mi
total), 58 Class II segments (6.2 mi), 16
Class III segments (2.1 mi), and 65 Class
IV segments (7.2 mi). The remaining 32
miles of trails did not exhibit any degrada-
tion so no condition class was applied
there. A principal advantage of this method
is its ease of application and simplicity in
presenting the findings. However, judg-
ments involved in distinguishing between
the classes introduce subjectivity, and,
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Table 1.  Qualitative trail condition classes.
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because class definitions can employ sever-
al forms of trail degradation, interpretation
of the findings can be difficult.

Monitoring vegetation changes along
trails

Assessing vegetation changes, includ-
ing changes in vegetation cover and compo-
sition, is a growing concern, particularly as
they relate to the introduction and spread of
non-native plants. Two factors make this
work more challenging, however: (1) the
lack of availability of field staff with plant
identification skills, and (2) the large
amount of time required to perform plant
sampling methods along with identification
and cover estimation. Nepal and Way (in
press) experimented with a permanent tran-
sect survey with quadrat sampling of trail-
side vegetation along two trails in Mount
Robson Provincial Park, Canada. Employ-
ing systematic sampling with a random
start, transects were located every 1,320 ft
along the trails with a 3.3x3.3-ft trailside
quadrat established perpendicularly to the
trail border, with another “control” quadrat
established 19.3 ft off-trail. Both quadrats
were placed along the extended trail tran-
sect line, which was georeferenced with a
global positioning system (GPS) and
marked by tagging the closest mature tree.

Plants within each quadrat were identi-
fied to the species level where possible and
assessed for cover to enable subsequent
analyses of differences in relative cover,
species richness and dissimilarity, and the
presence and cover of non-native species.
Comparisons of plants found in the trailside
and control quadrats also permit evalua-
tions of how differences in morphological
characteristics can affect a plant’s resistance
to trampling damage, as well as enabling
classification of plants relative to the trail-

side disturbance regime (increasers and
decreasers).

Monitoring soil erosion
Soil erosion along trails is perhaps the

most significant form of trail degradation
(Figure 1). Ecologically, soil loss from trails
could be considered a significant “irre-
versible” form of impact since most of the
soil is transported off trail treads where it
cannot be retrieved and replaced. The
eroded soils may smoothen adjacent
ground vegetation, or enter water bodies
where it can remain suspended or settle out
on rock or gravel substrates and harm
aquatic life. The resulting rutted trails then
intercept and transport greater volumes of
water, accelerating further soil erosion and
altering natural patterns of water runoff.
Even in the absence of further use, the loss
of organic litter and topsoil and exposure of
roots and rocks can greatly retard the natu-
ral recovery of vegetation. From a visitor’s
perspective, eroded treads are more difficult
and potentially unsafe to use and they are
aesthetically displeasing (Figure 2). These
issues also have substantial significance
given the important role played by trails as a
transportation network and the substantial
time visitors spend on trails in backcountry
environments.

Unfortunately, obtaining accurate, pre-
cise, and efficient measures of soil erosion
along trails is perhaps the most challenging
of all trail condition assessments. Scientists
have developed and refined numerous
methods for assessing soil erosion along
trails. These methods include qualitative
condition-class assessments, proxy rapid
assessment measures (e.g., maximum inci-
sion measures), and several variations of
methods that measure the cross-sectional
area of trail ruts. Other methods include a
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performing a census of severely eroded or
actively eroding segments, and taking stereo
photography. Leung and Marion (2000)
and Cole (1983) provide more comprehen-
sive reviews of trail impact monitoring
methods, with citations.

This section provides a review of recent
advances in direct measurements of soil
erosion on trails, specifically the maximum
incision and cross-sectional area methods.
Soil erosion measurements have generally
been applied at sample points located at
fixed intervals along a trail, typically with a
randomized start to ensure that any point
along a trail has the potential to be assessed.
Selecting an appropriate sampling interval
has been an arbitrary process and intervals
reported in the literature have ranged from
150 ft to 1,650 ft (Cole 1983). Leung and
Marion (1999b) examined the influence of
sampling interval on the accuracy of esti-

mates for four trail impact indicators,
including tread incision. Their research
provides guidance for selecting a sampling
interval, revealing that an interval up to 325
ft yields an excellent level of estimate accu-
racy for the lineal extent of these impact
indicators, with intervals of up to 1,650 ft
acceptable when greater efficiency is need-
ed.

Trail maximum incision measures are
taken at each trail sample point from a line
transect established perpendicularly to the
trail tread to the lowest point on the trail
tread. A perennial problem that affects both
the accuracy and precision (reliability) of
trail incision measures are differing deter-
minations of the appropriate upper datum
to measure to. The principal goal of soil
erosion measures on trails is to assess only
post-construction soil loss that is related to
recreational uses. This is generally a
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Figure 1 (left). Trail erosion at Assategue Island National Seashore. Photo courtesy of Yu-Fai Leung.
Figure 2 (right). Eroded trails, such as these among historic earthworks at Colonial National Historical Park, are aesthetically dis-
pleasing to many people. Photo courtesy of Yu-Fai Leung.

 



straightforward process for trails in flat ter-
rain (Figure 3a). Such trails are generally
“walked in” or involve minimal removal of
organic layers. However, one problem that
can lead to possible measurement errors
and erroneous data is when a recreational
trail follows a former primitive road align-
ment where substantial soil loss is evident
from either initial construction (often with
heavy machinery) or historic erosion that
predates recreational uses (Figure 3b).
While many studies have employed maxi-
mum incision measures, few have specified
how these measures were taken and none
appear to have addressed this particular
problem. In response, Farrell and Marion
(2002) developed and applied two maxi-
mum incision measures: 

1. Maximum incision, post-construction
(MIP): the maximum incision of the
trail tread along a transect established
perpendicularly to the trail at the sam-
pling point, from the original land sur-
face to the lowest substrate surface.

2. Maximum incision, current tread
(MIC): the maximum incision of the
trail tread along a transect established
perpendicularly to the trail at the sam-
pling point, from a line stretched
between stakes placed at the current
trail boundaries to the lowest substrate
surface.

When applied to trails in flatter terrain,
both measures assume no construction-
related soil loss. MIP measures are more
time-consuming on trails with substantial
amounts of historic soil erosion (Figure 3b).
For example, our experience in national
parks has found trails with MIP measures of
over 8 ft, often with 20- to 30-year-old trees
growing from the eroded trailsides. It is dif-
ficult to take accurate maximum incision

measures in such situations, and including
historic erosion that is not recreation-relat-
ed is counter to the principal goal of moni-
toring. When historic erosion is evident, we
suggest that the MIC measure provides a
more accurate and efficient assessment of
on-going recreation-related erosion and is a
more managerially relevant indicator.

The application and subsequent inter-
pretation of maximum incision measures
becomes more challenging for trails located
in steeper terrain that required side-hill
construction techniques (Figure 3d). Side-
hill trails are constructed by excavating soil
and moving it down slope to create a gently
out-sloped trail tread. Measuring recre-
ation-related soil loss on these trails
requires an estimation of the upper datum
to measure to—the post-construction tread
surface. Differing determinations of this
datum can again introduce considerable
measurement error. Published trail soil ero-
sion assessment methods suggest that previ-
ous studies may have ignored this dilemma
as well. Farrell and Marion (2002) also
developed procedures and diagrams
(Figure 3d–f ) for side-hill trails, including
situations where trails follow old primitive
roads with substantial amounts of historic
erosion. This guidance directs field staff to
estimate the post-construction tread surface
through examination of local features,
including tree roots, rocks, and trail edges
in the vicinity of transects, and a 3% outs-
lope of the post-construction tread. Most
agency guidance calls for a 5% outslope, so
these procedures provide a somewhat con-
servative estimate of soil loss. Guidance on
when to ignore the presence of berms
(Figure 3e–f ) comprising soil and organic
litter along the lower trail edge is also
included, as berms  grow in height over
time.
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These adaptations were applied in a
study of hiking trails in Torres del Paine
National Park, Chile, with results indicating
substantial differences in the two soil loss
measures. MIC averaged 0.4 in. for low-use
trails to 1.2 in. for high-use trails, while MIP
averaged 3.1 in. on low-use trails and 5.9 in.
on high-use trails (Farrell and Marion
2002). Furthermore, MIC measures
remained substantially smaller regardless of
trail position. Average MIC values were 0.8
in on trails in flatter valley-bottom positions
and 1.2 in. in steeper mid-slope positions,
while MIP values averaged 3.9 in. and 5.5
in. respectively. These findings emphasize
the importance of providing more explicit

guidance, including written procedures and
diagrams, to guide maximum incision mea-
surements.

Current research by the lead author is
focusing on the further development of
cross-sectional area (CSA) procedures,
building on the work described above.
CSA assessment methods are applied to
transects oriented perpendicularly to trail
treads at sample points as previously
described for the maximum incision meas-
ures. Many vertical measurements are taken
along the transect line across the width of
the trail to provide an accurate estimate of
the area of soil loss in a plane extending
from the transect line to the tread surface.

Visitor Impact Monitoring

Volume 23 • Number 2 (2006) 43

Figure 3.  Diagrams illustrating the application of maximum incision measurements for trails in flat vs. sloping
terrain. Source: Farrell and Marion 2002.



The vertical measurements can be taken at a
fixed interval or at variable intervals based
on changes in the microtopography of the
tread surface (see Figure 4 in Manning et
al., this volume). Recent research conduct-
ed at Zion National Park (not reported
here) compared the fixed and variable
methods and will provide guidance on the
selection of a fixed interval distance. An
added advantage of CSA procedures is the
ability to extrapolate findings to provide
estimates of aggregate soil loss for an entire
trail.

Monitoring visitor-created informal
trails

So far the discussion of trail assessment
and monitoring methods has focused on
formal or established trails. However, visi-
tor-created informal trails present a differ-
ent set of challenges to management and
monitoring (Leung et al. 2002). Since in-
formal trails are not planned and construct-
ed, they are usually poorly located with
respect to terrain, and they receive little or
no maintenance. These factors substantially
increase their potential for degradation in
comparison with formal trails. The prolifer-
ation of informal trails may increase habitat
fragmentation and can directly threaten sen-
sitive habitats when crossed or accessed by
unplanned trails. From a social perspective
a web of informal trails create a visually
scarred landscape and may lead to safety
and liability concerns. Due to their ecologi-
cal and social significance, informal trails
are a common indicator selected in different
implementations of NPS’s VERP planning
framework (Bacon et al., this volume; Man-
ning et al. 2005) as well as in the agency’s
Vital Signs monitoring program (Monz and
Leung, this volume).

Monitoring can provide timely infor-

mation on the extent, distribution, and con-
dition of informal trail segments. Such
information can serve as a warning sign of
resource degradation and habitat intrusion
and can trigger management actions if stan-
dards established to specify minimum
acceptable conditions are exceeded. Some
major monitoring questions related to infor-
mal trails include:

• What are the alternative indicator mea-
sures and monitoring techniques?

• Are there efficient methods to monitor
informal trails without field mapping
them all?

• How do the methods compare with
respect to accuracy, precision/consis-
tency, and efficiency?

As mentioned earlier, there are three
general approaches to informal trail moni-
toring, with increasing levels of complexity
and field time requirements. Major devel-
opments are currently occurring with the
rapid advancement of geospatial technolo-
gies, such as geographic information sys-
tems (GIS), global positioning systems
(GPS), and digital spatial data. These tech-
nologies are particularly relevant to infor-
mal trail monitoring because of their dis-
persed spatial distribution. The following
discussion focuses primarily on examples of
recent applications of geospatial technolo-
gies for monitoring informal trail networks.

GPS mapping. In a recent study of vis-
itor carrying capacity in Boston Harbor
Islands National Recreation Area, informal
trails were selected as a resource-based
indicator (Leung and Meyer 2004; Man-
ning et al. 2005). The park consists of 34
units (islands and peninsulas) that received
262,000 visits in 2002. Georges, Grape,
and Peddocks Islands and World’s End
Peninsula are popular destinations within
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the park. A professional-grade handheld
Trimble GPS unit was used to map informal
trails on all park units that have discernable
signs of visitor use. Each informal trail seg-
ment was mapped and its condition rated
using a four-point condition-class system
(Leung et al  2002). Based on the GPS data,
three alternative indicator measures were
derived, including total length of informal
trails, density of informal trails (length/unit
area), and spatial proximity of informal
trails to sensitive resources. Results show
that World’s End had about 76,000 ft of
informal trails (total length measure) or 277
ft/acre (density measure), both of which are
the highest among all units (Figure 4).

Other islands with a significant presence of
informal trails include Georges (9,329 ft)
and Peddocks (7,049 ft), though the larger
size of Peddocks Island resulted in a lower
density value (33.5 ft/acre). In contrast,
some small islands, such as Raccoon (3.6
acres) and Langlee (5.2 acres) Islands, had
low total lengths of informal trails but their
density values were quite high (204 and

169 ft/acre, respectively). These results
have aided the park in selecting the pre-
ferred indicator measure (density of infor-
mal trails) and establishing associated stan-
dards.

When the informal trails data layer was
integrated with other layers, such as loca-
tions of rare plant and animal species, prox-
imity-based indicator measures can be
derived that are indicative of visitor tram-
pling disturbance within sensitive resource
areas. Two proximity levels, 165 ft (50 m)
and 330 ft (100 m) from rare species loca-
tions, were applied in the Boston Harbor
Islands study (Table 2). Results show that
the barn owl, least tern, and seabeach dock

rare species may be threatened
by visitor use on Bumpkin,
Georges, and Lovells Islands.

Digital orthophotography.
The increasing availability of
high-quality remotely sensed
spatial data can aid in increasing
the coverage and efficiency of
monitoring informal trail net-
works. One type of spatial data
that is particularly promising is
digital orthophoto quadrangles
(DOQs), which are computer-
generated images of aerial pho-
tographs that combine the
image characteristics of a high-
resolution photograph with the
geometric qualities of a map.

DOQs are georectified and georeferenced
and can therefore be integrated with other
GIS data layers.

The procedures involved in extracting
informal trail data from the DOQs were
pilot-tested in the Yorktown area of
Colonial National Historic Park. Heads-up
or on-screen digitizing of informal trails was
performed on infrared DOQs (0.5-m reso-
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Figure 4. Formal and informal trail networks in World’s End Peninsula, Boston
Harbor Islands National Recreation Area.



lution) in ArcGIS 8.3 software. Preliminary
test results show that informal trails could
be digitized efficiently from DOQs with a
modest level of training, but the quality of
digitized informal trail data was dependent
on (1) the scale (zooming factor) at which
digitizing was conducted, (2) tree canopy,
and (3) general visibility that required
human judgment.

Comparing GPS and DOQ methods.
Because both GPS and DOQs are being
applied to informal trail monitoring, an
important question is how the two methods
compare with respect to accuracy and effi-
ciency. In order to address this question, an
identical set of informal trails from a local
park in Cary, North Carolina, were assessed
using both methods. Seven informal trails
(total length 1.12 mi) were digitized from
color DOQs (6-in resolution; 1999) and
mapped using a professional Trimble GPS
unit with sub-meter accuracy, the latter
serving as the “true” reference data. The
positional accuracy, total length of informal
trails, and efficiency were evaluated. Based
on 35 randomly selected test points along
the informal trail routes, the average posi-
tional error of digitized trails was 5 ft, with a
range of 0.013 to 17.6 ft (S.D. = 4.1 ft). All
digitized trails were shorter than their GPS-
mapped counterparts, with differences

ranging from 1 to 45 ft. The difference in
cumulative length was 113 ft, or 1.9%, for
all 7 trails, which is considered to be low.
Despite the positional and length errors,
DOQ digitizing offered a much more effi-
cient solution to assessment and monitoring
for areas where trails are not obscured by
tree cover. In this test the time required to
implement the DOQ method was only 26
minutes, compared to 2.5 hours for GPS
field mapping. This gap in efficiency is
expected to be even wider in national parks
since more travel time is needed to cover
larger, more rugged, and less accessible
landscapes.

The second author, along with the first
author and colleagues from Aldo Leopold
Wilderness Research Institute and St.
Lawrence and Colorado State Universities,
are currently conducting additional re-
search to examine alternative methodolo-
gies for monitoring informal trails in differ-
ent protected natural areas.

Concluding remarks
This paper reviewed some recent

developments in methodologies for moni-
toring trail conditions on formal and infor-
mal trail networks. Objective methods have
been developed and are available to protect-
ed area managers for monitoring the loca-
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Table 2. Lengths of informal trails (ft) that fall within 165 ft or 330 ft of known locations of rare
plant and animal species.



tion, extent, and condition of trails. These
tools are being refined and implemented
more efficiently with the help of advancing
geospatial technologies. However, there are
trade-offs between the efficiency and accu-
racy and richness of alternative data collec-
tion methods. For example, geospatial
methods are of little benefit for assessing
tread conditions (e.g., erosion or muddi-
ness) along trails but appear to be superior
in monitoring changes in the lineal extent of
informal trail networks in situations where
they are visible from airplanes or satellites.
The choice of monitoring methods and
indicators is based on information needs
and staffing and equipment availability.
The development and use of standardized
methods is also encouraged so that moni-
toring results can be compared and evaluat-
ed in a regional context.

Several trends are evident from our dis-
cussion. There are increasing applications
of trail monitoring internationally in
response to growing ecotourism visitation
in global protected areas. Many of these
areas do not possess the same level of finan-
cial and human resources, so streamlined or
efficient procedures may be a necessary

choice. Condition-class rating systems can
be an attractive low-cost solution. Secondly,
soil erosion is a key indicator in trail condi-
tion monitoring, and research efforts will
continue to focus on this indicator to
increase its accuracy, precision, and effi-
ciency. Thirdly, geospatial technologies are
becoming an essential tool in trail monitor-
ing, though its potential is still being
explored. The utility of low-cost GPS units
needs to be further explored since they are
more accessible to protected area managers
and park volunteers.

Other methodological considerations
that may be important for further examina-
tion include the increasing engagement of
park volunteers, conservation organiza-
tions, and student groups in monitoring
and its implications on the quality of data.
Monitoring methods may need to be devel-
oped with an acceptable level of robustness
so inter-rater variability is reduced when
multiple volunteers with different back-
grounds are involved. Further research will
likely result in more effective trail impact
indicator measures that benefit both VERP
and Vital Sign monitoring programs in
NPS.
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Given the breadth of relevant human
activities, the diversity of wildlife species
potentially affected, and the multitude of
ways they may be affected, scientists and
resource managers planning to assess the
effects of human activities on wildlife must
be careful to state their study objectives
explicitly. In all cases, these objectives
should specify the human activity of inter-
est; the timing, intensity (frequency, dura-
tion) and spatial extent of the activity; the
focal wildlife species of interest; and the
range of ways that species might respond to
the activity—that is, the objectives should
define the “disturbance context” in which
the human–wildlife interaction occurs
(Steidl and Anthony 2000). Given well-
defined objectives and a clear disturbance
context, a measure that gauges the response
of the wildlife species of interest to the
human activity must be selected carefully.

In this paper, we provide a general clas-
sification for the ways in which human
activities can affect wildlife, distinguish
among general types of relevant studies

based on different objectives, and identify
appropriate measures for gauging wildlife
response for different types of studies. Our
goal is to provide a conceptual framework
to guide studying and monitoring human–
wildlife interactions, specifically those
deriving from non-consumptive recreation-
al activities.

Classifying human activities
Virtually all human activities can affect

wildlife populations either positively or
negatively. Those activities that are likely to
have adverse effects can be divided into
those that function primarily by altering the
physical environment in a relatively perma-
nent way and those that cause changes to an
animal’s behavior. Activities that alter the
physical environment change the amount or
the suitability of habitat for a species.
Widespread and large-scale examples
include activities that directly alter the
structure and composition of the landscape,
such agriculture, forestry, livestock grazing,
and unregulated off-road vehicle use. In
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general, these are land use or land manage-
ment practices that change the trajectory of
ecological succession, including altering the
dominant plant communities and the abiot-
ic features of a site. The ecological effects of
these activities on vertebrates are readily
apparent and have been relatively well stud-
ied (e.g., Blair 1996; Spies et al. 1996;
Lichstein et al. 2002).

Perhaps less obvious in their ecological
impacts are those non-consumptive human
activities that do not appreciably alter the
physical environment but nonetheless can
affect wildlife adversely. Examples include
recreational activities such as hiking,
wildlife viewing, and boating—all common
activities for visitors in parks. As recreation-
al use increases in wilderness and other
protected areas, sensitive wildlife species
may be increasingly affected by these activi-
ties (Steidl and Anthony 2000). The magni-
tude of effects of recreational activities on
wildlife is influenced by many factors,
including the type, duration, frequency,
magnitude, location, and timing of the dis-
turbance, as well as the particular species of
interest. Although effects of these activities
are typically of short duration, cumulatively
they can effect wildlife populations adverse-
ly in both the short- and long-term (Burger
1981; Henson and Grant 1991; Fernandez
and Azkona 1993; Holmes et al. 1994;
Steidl and Anthony 1996, 2000; Swarthout
and Steidl 2001, 2003; Mann et al. 2002;
Johnson et al. 2005). Observed effects in-
clude increased energetic stresses (Bélanger
and Bédard 1990), changes in activity
budgets (Steidl and Anthony 2000; Mann
et al. 2002; Swarthout and Steidl 2001,
2003), displacement from preferred envi-
ronments (McGarigal et al. 1991), and
reduced productivity through abandon-
ment and decreased survival of young

(Tremblay and Ellison 1979; White and
Thurow 1985).

Although there are human activities
that cause physical changes to park environ-
ments, such as construction of building and
roads, or vegetation destruction resulting
from overuse of particular areas, most
wildlife-related impacts away from these
areas likely result from short-term recre-
ational pursuits of visitors. We focus the
remainder of our discussion on these types
of activities.

Types of studies
Given the wide range of potential infor-

mation needs and study objectives, we dis-
tinguish between two fundamentally differ-
ent kinds of studies: research and monitor-
ing. These can be classified primarily based
on their different objectives and secondarily
based on different durations. Research stud-
ies include an objective related to answering
specific questions and are usually of rela-
tively short duration (1–3 years). An exam-
ple would be a study conceived to assess the
distance at which a population of birds
flushes in response to a particular visitor
activity, such as hiking or mountain biking
(e.g., Swarthout and Steidl 2001). The goal
for this type of study might be to reliably
establish the distance at which birds flush in
response to the activity so that the activity
can be restricted in particular areas to
reduce disturbance frequency and mini-
mize adverse effects. In contrast, monitor-
ing studies involve quantifying changes in
characteristics of resources over time, are
usually not driven by particular questions,
and are always intended to be undertaken
over long-time periods (Steidl 2001). The
goal for monitoring studies is almost always
related to quantifying changes in character-
istics of resources over time. A third kind of
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study, which we only mention here, is a
hybrid between research and monitoring
studies. Impact assessment studies are de-
signed to measure the effects of a planned
activity or action within the context of a pre-
viously established monitoring program.
These are often large-scale studies where
the fundamental approach is to establish a
monitoring program based on a series of
sampling sites, a subset of which is eventu-
ally subject to being affected by the impact.
The effect of the impact is estimated by
comparing how sites subject to the impact
change relative to control or reference sites
over time (Green 1979). The application of
these studies is useful to natural resource
managers interested in assessing the effects
of management actions, such as opening or
closing particular trails or other facilities,
especially when replication of the impact is
impossible.

All types of studies benefit from careful
application of the basic tools of research
design, which include randomization, repli-
cation, reduction of error, incorporation of
adequate controls, and understanding how
the scope of inference for any study is dic-
tated in part by the way study units are
selected (Ramsey and Shafer 2001).

Research studies. Specific resource
management questions about human–
wildlife interactions are best answered
through well-designed research studies,
either experimental or observational. Ques-
tions that can be answered experimentally,
which always involves some type of manip-
ulation by the investigators, are more pow-
erful than observational studies because
they provide strong evidence of a causal
link between the activity and the response
measure. Observational studies cannot
establish cause-and-effect inferences be-
cause of the potential for confounding by

additional factors that may have influenced
the response measure. Observational stud-
ies, therefore, provide only correlative infer-
ences, yet can offer strong evidence when
designed carefully. There is a vast literature
on conceiving and designing effective
research studies on wildlife populations
(e.g., Morrison et al. 2001).

Monitoring. Ecological monitoring
studies almost always focus on quantifying
changes in characteristics of resources over
time. Consequently, monitoring studies are
correlative and can therefore quantify pat-
terns and associations but cannot establish
causal links between changes in the
resource of interest and changes in levels of
human activity or other environmental
characteristics. For example, if we observe a
decline in abundance of a species in an area
over time concurrent with an increase in a
particular type of human activity, we cannot
claim that the increase in human activity
caused the decrease in abundance. Despite
their limited inference relative to random-
ized experiments, monitoring studies can
still provide information that is valuable for
understanding and reducing human–
wildlife conflicts (Burger et al. 2004) espe-
cially when designed as part of an integrat-
ed monitoring program that encompasses a
range of biotic and abiotic resources.
Specifically, by measuring other environ-
mental characteristics that are thought to
affect changes in the wildlife response meas-
ure of interest (e.g., vegetation structure,
food resources, rainfall), the ability to detect
temporal and spatial changes in the
resource is increased and the likelihood that
the observed change was driven by a con-
founding variable is reduced. Lastly, the
information provided by monitoring stud-
ies can be increased if they are designed to
be comparative—that is, designed to con-
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trast wildlife responses in areas of concern
or impact with those in control or reference
areas (e.g., Romero and Wikelski 2002).

Monitoring visitor impacts on wildlife
is different than most observational studies
because changes in parameters of interest
are designed to be measured for long time
periods, usually spanning multiple genera-
tions. Therefore, well-designed monitoring
programs should provide sufficient tempo-
ral and spatial coverage as well as the flexi-
bility to address a range of potential im-
pacts, the nature and extent of which may
be unknown when the program is being
designed.

Choosing an appropriate wildlife
response measure

Understanding both the short- and
long-term consequences of interactions
between humans and wildlife requires that a
response measure be chosen that reflects
the temporal and spatial scales appropriate
to the human activity being assessed (Table
1). Many attempts to understand the effects
of human activities on wildlife have focused
on measures that are most appropriate for
long-term assessment (i.e., 5–10 years or
more) such as abundance (e.g., Mathisen
1968; Fraser et al. 1985; Westmoreland and

Best 1985), reproductive success (e.g.,
Fernandez-Juricic 2000), and species diver-
sity (e.g., Francl and Schnell 2002). Al-
though these are clearly important meas-
ures, they are not appropriate for assessing
all types of human activities because
changes in behavior and space use are often
overlooked, both of which can have long-
term consequences for populations (Holt-
huijzen 1989; Anthony et al. 1995; Gill et
al. 2001). Changes in behavior are conse-
quential because they can ultimately affect
reproductive success, survival, and habitat
occupancy, which in turn can reduce popu-
lation viability, especially for rare, threat-
ened, or endangered species. Response
measures that include aspects of behavior,
such as activity budgets or space use, are
most appropriate for short-duration human
activities such as hiking.

As a general guideline, wildlife re-
sponse measures should reflect the tempo-
ral and spatial scales of the human activity
of interest, including the type of activity, its
daily and seasonal timing, duration, and fre-
quency, especially during initial investiga-
tions. The choice of the species or popula-
tion to study is also critical, because species
vary widely in their responses to human
activities as do different populations of the
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same species, which can depend on their
previous exposure to the human activity of
interest. Assuming the choice of species and
populations has been made or was mandat-
ed by legislation, the response measure
should match the disturbance context,
which is defined, in part, by the time scale
of the human activity of interest. For most
research studies, short-term responses seem
most appropriate, whereas for most moni-
toring studies, long-term responses seem
most appropriate (Table 1).

Effects of human activities on bald
eagles (Haliaeetus leucocephalus) have been
relatively well studied, so we’ll use this
species to illustrate the importance of
choosing appropriate response measures.
Many research studies have used reproduc-
tive success as the response measure and
have reported no relationship between the
level of human activity and reproductive
success (e.g., Mathisen 1968; Fraser et al.
1985). In some cases, these negative results
may reflect two fundamental problems: a
disconnection between the scale of human
activity being studied and the response
measured (a short-term study and a long-
term response measure) and a likely poten-
tial problem assessing impacts that have
been in place for years.

With regard to the disconnection
between the scale of the human activity and
the response measure, the nesting season
for bald eagles is long (>120 days), so short-
term activities are unlikely to effect repro-
duction unless the activity is very intense.
In most studies where bald eagles were dis-
turbed by researchers approaching nests,
the activities were of short duration (usually
less than an hour) relative to the nesting
period (Grier 1969; Fraser et al. 1985).
Once a pair has made the decision to breed

and has invested energy into producing off-
spring, they are more difficult to displace
with such short-duration impacts relative to
a pair that has not yet nested or to individu-
als that are not breeding (Trivers 1974).
This investment may explain why some
species abandon nesting sites the year after,
rather than the year of, a short but intense
disturbance near the nest (Platt 1977).

Populations that have long been
exposed to a particular human activity may
have already responded to the activity or
may have become habituated. Because
many studies are initiated well after the
human activity was established, a conclu-
sion of “no effect” may be misleading
because consequential effects may have
already occurred. For example, changes in
distribution of bald eagle territories away
from a new source of human activity did not
occur until several years after the activity
was established (Gerrard et al. 1992). If the
eagles that are most sensitive to human
activities abandon their nests after the level
of human activity exceeds some threshold
level but before a study is initiated, the
chances of observing any residual effects
would be low. These “time lags” may ob-
scure changes in site occupancy unless
viewed on longer time scales (Wiens 1986).
And although the conclusion of no effect is
likely appropriate for the specific locations
where these data were collected, applying
management recommendations to other
areas based on information gleaned from
these kinds of biased samples could have
adverse consequences. Without thinking
carefully about the contextual issue of previ-
ous exposure, activities affecting wildlife
may be classified incorrectly or inappropri-
ate management recommendations made.
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Planning monitoring studies that
include human–wildlife issues

Monitoring studies that include an
objective to assess changes in wildlife popu-
lations in response to changes in visitor
activities will need to quantify human activ-
ities carefully. Sampling should be designed
to capture the amount, types, and intensity
of the human activity as well as how the
activity varies spatially and temporally
(Gregoire and Buhyoff 1999; Watson et al.
2000). Carefully quantifying these elements
will increase the ability to relate trends in
the resource with changes in levels and
types of human activity. As we mentioned
previously, monitoring changes in wildlife
populations is more efficient when integrat-
ed into a broader program that includes
measuring additional biotic and abiotic
parameters, especially those that might be
directly affected by human activities of par-
ticular interest.

There are a number of tools for design-
ing studies that can be used to increase the
success of a monitoring program while bal-
ancing the interrelationships and trade-offs
among sampling effort, cost, and the overall
ability of the program to detect trends in
resources (e.g., www.pwrc.usgs.gov/mon-
manual/). In general, sampling designs that
include elements to reduce sampling vari-
ability, such as stratified or cluster sam-
pling, tend to be more efficient than those

that do not account for heterogeneity of the
response measure across the study area
(Thompson 2002). Power analysis can
guide some of the more challenging design
questions, such as how many samples are
necessary to meet study objectives, how
large a trend is likely to be detected with a
given amount of sampling effort, and what
the probability of detecting a particular
trend that is considered biologically mean-
ingful might be (Gerrodette 1987; Steidl
and Thomas 2001).

Monitoring changes in natural
resources requires a detailed statement of
goals and a careful choice of parameters to
measure. To link monitoring to manage-
ment, a threshold in the response measure
should be identified such that when the
threshold is reached, managers are alerted
that resource levels have reached an unac-
ceptable level and some sort of action needs
to be taken. A tight integration between
monitoring and management is critical, as
monitoring programs often fail because
they were established without involvement
of managers (Noon 2003). Those programs
that are linked clearly to management objec-
tives and are designed to provide regular
updates on the status and trends of natural
resources and human activities will be most
useful and therefore will have the highest
chances of persisting over the long term.
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Over the past decade, Acadia has
undertaken an expanding program of recre-
ation-related monitoring and associated
activities. This program has been guided by
the National Park Service (NPS) Visitor Ex-
perience and Resource Protection (VERP)
framework (NPS 1997; Manning 2001).
VERP was designed by the NPS to address
carrying capacity and related recreation
management issues. The underlying ration-
ale of the VERP framework is to (1) define
desired resource and social conditions in
terms of empirically based indicators and
standards, (2) monitor indicator variables,
and (3) apply management actions to
ensure that standards have been main-
tained. Thus, monitoring resource and
social conditions at Acadia has become an
important part of park planning and man-
agement.

This paper describes four aspects of
the monitoring program applied to Acadia.
First, a suite of indicators and associated
standards was initially formulated to guide
monitoring of the park’s carriage road sys-

tem. These indicators and standards give
focus to the monitoring program, enhanc-
ing its efficiency and effectiveness. Second,
computer-based simulation modeling has
been used to help conduct the monitoring
program. Simulation models can be used to
estimate park conditions (as defined by
indicator variables), reducing the need for
on-the-ground monitoring, and can be used
as a more “proactive” monitoring approach
by estimating the maximum amount of visi-
tor use that can be accommodated without
violating standards. Third, several issues
associated with monitoring on the carriage
roads are described. These issues have aris-
en over several years of experience with this
monitoring program. Finally, the recreation
monitoring program at Acadia is expanding
to address other areas of the park. A pro-
gram of natural and social science research
has been undertaken to help guide this
monitoring. The final section of the paper
briefly describes this program of research as
it applies to resource-based impacts of
recreation, including societal judgments
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Recreation Monitoring at Acadia National Park

Robert Manning, Charles Jacobi, and Jeffrey L. Marion

Introduction
ACADIA NATIONAL PARK IS ONE OF THE MOST INTENSIVELY USED NATIONAL PARKS in the
United States. While its annual visitation (2.2 million visits in 2004) does not rise to the lev-
els of some of the “crown jewel” western national parks (Yellowstone National Park, for
example, accommodated 2.9 million visits in 2004), visits to Acadia are concentrated on its
comparatively small size of less than 50,000 acres. Yellowstone, by comparison, is spread
across 2.2 million acres. Given the intensive character of visitor use at Acadia, it is vital to
monitor recreational use and its associated impacts to help ensure protection of important
park resources and the quality of the visitor experience.

 



about appropriate standards for such
impacts.

Indicators and standards to guide
monitoring

Parks are complex resource and social
systems that can be characterized by a mul-
titude of ecological and experiential vari-
ables. However, monitoring such variables
can be time-consuming and expensive.
Therefore, monitoring programs must be
designed carefully to ensure that they focus
on a relatively small number of indicator
variables that best meet selected criteria or
characteristics (Schomaker 1984; Stankey
et al. 1985; Marion 1991; Merigliano 1990;
Whittaker and Shelby 1992; National Park
Service 1997; Manning 1999).

Moreover, within the context of the
VERP framework, standards must be for-
mulated for indicator variables. Standards
are generally defined as the minimum
acceptable condition of indicator variables
(National Park Service 1997; Manning
1999). Standards provide vital reference
points for monitoring programs. Within the
VERP framework, standards are thresholds
that define when and where management
action is needed. Without such standards,
findings from monitoring programs are dif-
ficult to interpret and provide little direct
guidance to managers.

For these reasons, the recreation-relat-
ed monitoring program at Acadia began
with an effort to formulate a suite of indica-
tors and standards. This work was initiated
in the mid-1990s on the park’s system of
carriage roads (Manning et al. 1998; Jacobi
and Manning 1999) and has expanded to
include all major visitor use areas within the
park. The initial application to the carriage
roads will be used to illustrate this work.

The carriage roads, a system of more

than 50 mi of unpaved roads constructed at
the direction of John D. Rockefeller, Jr., in
the early 1900s, represent one of the most
significant resources in the park. Originally
built for horse-drawn carriages, the carriage
roads are now used primarily for hiking and
biking and have become extremely popular.
However, increased use has created con-
cern for the quality of the recreation experi-
ence. In response to this concern, a pro-
gram of research was initiated to help for-
mulate indicators and standards for the car-
riage-road experience.

A first phase of research focused on
identifying potential indicators. A survey of
a representative sample of carriage road vis-
itors was conducted. Using both open- and
closed-ended questions, visitors were asked
to report on what added to or detracted
from the quality of their experience on the
carriage roads. Two types of indicators were
identified: one was crowding-related and
concerned the number of visitors seen on
the carriage roads; the other was conflict-
related and addressed several “problem
behaviors” experienced on the carriage
roads, including bicycles passing from
behind without warning, excessive bicycle
speed, people obstructing the carriage
roads by walking abreast or stopping in
groups, and dogs being off leash.

The first phase of research also docu-
mented existing patterns of use on the car-
riage roads and visitor attitudes toward a
variety of management alternatives. The
carriage roads support a diversity of recre-
ation opportunities defined both spatially
and temporally. Some areas and times are
relatively heavily used, while others accom-
modate relatively light levels of use. Despite
the problem behaviors noted above, most
visitors supported maintaining the current
mix of carriage road users—hikers, bikers,
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and equestrians. Based on these findings,
park management decided to maintain a
diversity of carriage road experiences by
establishing two types of recreation oppor-
tunity “zones” for the carriage roads as
defined by location, time of day, and time of
year. However, both of these zones would
continue to accommodate all types of visi-
tors. The two carriage road zones would be
defined by the same indicators, but different
standards would be set.

A second phase of research focused on
formulating standards for indicator vari-
ables. This research also used a survey of a
representative sample of carriage road visi-
tors and adopted normative theory and
related empirical techniques (Shelby and
Heberlein 1986; Vaske et al. 1986; Man-
ning 1999). As applied in outdoor recre-
ation, norms are generally defined as stan-
dards that individuals and groups use to
evaluate social and environmental condi-
tions in parks and related areas (Shelby and
Vaske 1991). If visitors have normative stan-
dards concerning relevant aspects of recre-
ation experiences, then such norms can be
studied and used as a basis for formulating
standards.

Because of the relatively large number
of visitors on the carriage roads, crowding
was measured in terms of persons-per-
viewscape (PPV), incorporating a visually
based measurement approach (Manning et
al. 1996; Manning and Freimund 2005).
The viewscape for the carriage roads (the
length of carriage road that can be seen at
any one time) averages approximately 100
m. A series of photographs was prepared
that showed a range of zero to 30 visitors on
a typical 100-m section of the carriage
roads. The photographs were prepared
using digital photo-editing software.
Sample photographs are shown in Figure 1.

Visitors were shown the photographs
in random order and asked to rate their
acceptability on a scale from –4 (“very un-
acceptable”) to +4 (“very acceptable”).
Study findings are shown in Figure 2. This
figure is called a social norm curve (or
impact acceptability curve) and represents
the aggregate acceptability ratings for the
sample of visitors. The norm curve docu-
ments the relationship between increasing
use levels and the quality of the visitor expe-
rience.

Two other sources of information were
developed to help formulate standards for
crowding on the carriage roads. The survey
using the photographs described above was
administered to a representative sample of
residents of communities surrounding the
park, and a computer-based simulation
model of visitor use on the carriage roads
(described in the next section) was devel-
oped to provide more detailed information
on the relationship between total daily use
level of the carriage roads and PPV condi-
tions. Based on all of this information, stan-
dards were formulated for the indicator
variable of PPV conditions.

Standards were also formulated for the
four problem behaviors described above.
Visitors were asked to report the maximum
number of times it would be acceptable to
experience each of these behaviors during a
trip on the carriage roads. The resulting
norms were used as a basis of formulating
standards.

After indicators and standards for the
carriage road experience were formulated, a
similar program of work has been conduct-
ed in all other major visitor use areas of the
park; indicators and standards are now
being formulated for these areas. Examples
of the range of resource and social indica-
tors being formulated at Acadia include trail
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Figure 2. Social norm curve for PPV on the carriage roads.
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Figure 1. Sample study photographs showing a range of visitor use on the carriage roads.



width and erosion, visitor encounters along
trails, number of visitors at one time at
attraction areas, and number of cars on park
roads.

Computer simulation modeling as a
monitoring tool

As noted earlier, monitoring indicator
variables can be time consuming and costly.
Moreover, some indicators, like PPV condi-
tions along the carriage roads, can be inher-
ently difficult to observe. Simulation mod-
els offer a potentially attractive alternative to
on-the-ground monitoring. Once a simula-
tion model is developed, it can be used to
estimate the condition of indicator vari-
ables.

A simulation model of carriage road
use was developed in the 1990s (Manning
et al. 1998; Wang and Manning 1999; Ja-
cobi and Manning 1999; Manning and
Wang 2005). The model was constructed
using diary reports by visitors of their travel
routes and times along the carriage roads
and counts of the number of visitors enter-
ing each of the 11 major access points to the
carriage roads. These and related data were
processed using the general purpose simu-
lation software, Extend. The model was
designed to estimate PPV levels along the
carriage roads and can be run at any daily
use level of the carriage road system. The
park’s monitoring program measures daily
use of the carriage roads through an elec-
tronic trail counter and uses the simulation
model to estimate PPV levels (the crowd-
ing-related indicator variable) to ensure that
crowding-related standards are not violat-
ed. Moreover, the model has been used in a
more “proactive monitoring” approach
(Lawson et al. 2003). The model was run at
increasing levels of daily carriage road use
to estimate the maximum daily use level that

can be accommodated on the carriage roads
without violating crowding-related (PPV)
standards. Finally, the model can also be
used to facilitate a program of adaptive
management (Lee 1993; Stankey et al.
2005) by estimating (“monitoring”) the
effects on PPV levels of alternative manage-
ment practices, such as redistributing use
over time and space and altering the mix of
carriage roads users (Lawson et al. 2003).

Monitoring recreation on Acadia’s 
carriage roads

Based on the research described above,
several indicators were established for the
quality of the carriage road experience,
including PPV levels and problem behav-
iors. Standards were then formulated for
these indicator variables. For PPV levels,
the simulation model of carriage road use
estimated that the carriage roads could
accommodate up to 3,000 visitors per day
without violating the PPV standards that
were formulated. Because total daily use of
the carriage roads was potentially easier to
monitor than PPV levels, this became a
focus of the recreation monitoring program.
Total daily use of the carriage roads is mon-
itored by means of an electronic trail count-
er. Over a period of several years, a series of
one-day censuses of carriage road use were
conducted by stationing volunteer ob-
servers at each of the 11 major carriage road
entrances. Resulting counts of total daily
carriage road use were correlated with
simultaneous trail counter readings, and a
strong correlation was found. Based on this
analysis, PPV levels are monitored on an
annual basis using trail counter readings.
Trail counter readings from 1997 through
2004 suggest that carriage road use has
remained relatively stable and that PPV-
related standards have not been violated.
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In addition to the monitoring de-
scribed above, actual PPV counts are con-
ducted every three years at selected loca-
tions and times. An observer records the
number of visitors on 100-m viewscapes at
15-second intervals. These counts help
“ground truth” and validate the PPV esti-
mates derived from the trail counter and
computer simulation model.

Monitoring of problem behaviors on
the carriage roads is conducted by means of
a short visitor survey conducted every three
years. Respondents are asked to report how
many of the four problem behaviors they
have experienced. Resulting data suggest
that standards are being violated for two
problem behaviors despite enactment of
several management practices (promulga-
tion of “rules-of-the-road” for the carriage
roads, “courtesy” patrols of the carriage
roads, and production of an educational
video shown at local bicycle rental shops)
designed to address this issue. If data from
the next monitoring cycle in 2006 suggest
that standards are still being violated, a
decision will be made to either take addi-
tional management actions to reduce the
incidences of problem behaviors (e.g., edu-
cate visitors, adopt behavioral regulations,
limit carriage road use) or formulate
revised, more realistic standards.

Monitoring resource impacts
Acadia National Park visitors partici-

pate in a variety of recreation activities,
including driving, boating, hiking, horse
riding, and biking, and these activities have
an array of effects or “impacts” on natural
resources, including vegetation, soils, water,
and wildlife. To date, resource-related mon-
itoring and associated research has focused
on hiking and camping impacts to vegeta-
tion and soils, including assessments of

undesignated (visitor-created) trails on
Little Moose Island (LMI) and designated
trails on Isle au Haut (IAH). Research has
been directed at selecting appropriate indi-
cators of resource impacts and developing
protocols for monitoring these indicators.
This work has integrated natural and social
science studies to yield indicators and asso-
ciated standards that are both ecologically
and experientially meaningful. This work
will be extended to undesignated and desig-
nated trails on Mount Desert Island in
2007.

The creation and proliferation of
undesignated trails is a common problem in
parks that can directly affect sensitive plant
communities, rare flora and fauna, and
wildlife habitats (Leung and Marion 2000).
Visitors seeking to access scenic overlooks,
water resources, or merely to explore, often
trample vegetation sufficiently to create ex-
tensive informal trail systems. Resource de-
gradation on these trails is often severe due
to lack of professional trail design, con-
struction, and maintenance. Such un-
planned trail networks generally receive no
environmental reviews, yet they cause
direct trampling and resource degradation,
habitat fragmentation, and can further
spread invasive species. While some degree
of visitor impact is unavoidable, excessive
trail impacts threaten natural resource val-
ues, visitor safety, and the quality of recre-
ation experiences.

On LMI four types of monitoring pro-
cedures have been experimentally applied:
(1) global positioning system (GPS) surveys
of the location and extent of visitor-created
trails, (2) trail condition class assessments
based on vegetation and soil loss, (3) photo-
graphic monitoring from permanent GPS-
mapped photopoints, and (4) a point sam-
pling method with a systematic sampling
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interval of 300 ft following a randomized
start. LMI is a very small, pristine island
located off the Schoodic Peninsula and is
only accessible to hikers during low tide.

The GPS and condition class surveys
revealed a surprisingly large network of vis-
itor-created trails, totaling 15,618 ft (2.96
mi) (Figure 3 & Table 1). While 8,552 ft

(54.8% of the total) were classified as hav-
ing impacts that were barely distinguishable
or being in a lightly impacted condition
(Class 0 or 1), 2,864 ft (18.3%) were
assessed as being heavily impacted with
eroded treads (Class 5) (Table 1). These
procedures and data illustrate the most effi-
cient methods for tracking the proliferation
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and degradation of undesignated trails.
Park staff analyzed and employed these data
to define a limited subset of 1.09 mi of des-
ignated trails, a 63% reduction, that retain
access to the island’s principal destination
sites. These trails received subtle mainte-
nance work to facilitate their use, while 1.86
mi of trail were closed to use with brush and
small trail closure/revegetation signs. A
trailhead sign with a Leave No Trace mes-
sage was installed asking visitors to protect
sensitive vegetation by staying on the main
trails or rock ledges.

Photopoint monitoring can be easily
added to GPS surveys to provide a visual
documentation of changing trail conditions.
Park staff purposely identified and took
photos at 24 photopoints in 2001 and
2003, including points along the newly des-
ignated trail system and along the trails
identified for closure. Few changes in vege-
tation cover were detectable along the des-
ignated trails but photos revealed substan-
tial recovery beginning along the closed
trails. Finally, the point sampling survey
provided additional quantitative transect
data on indicators such as tread width, soil
loss, and tread substrates (e.g., percent

cover of vegetation, organic litter, exposed
soil, rock, and roots). This type of data is
presented for illustration purposes in the
next section on IAH.

On IAH two trail condition assessment
methodologies, the point sampling and
problem census methods, were integrated
to provide quantitative data describing con-
ditions for several impact indicators. A
point sampling method with a systematic
sampling interval of 500 ft, following a ran-
domized start, was the primary method
(Leung and Marion 1999b; Marion and
Leung 2001). Data assessed for a subset of
the indicators are reported here, including
tread width, maximum tread incision, and a
new, more efficient variable interval method
for determining cross-sectional area (CSA)
of soil loss (see Figure 4). While more time-
consuming than maximum incision, CSA
provides an accurate measure of trail soil
erosion that can be extrapolated to provide
an estimate of total soil loss from each trail.

A problem census method integrated
into the monitoring procedures provided
census information on three specific trail
impact problems: excessive erosion (>5 in),
excessive muddiness, and number of infor-
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mal trails branching from the formal trail
since the last sample point (Leung and
Marion 1999a). As they hiked, field staff
looked for and recorded the beginning and
ending distances from the starting point for
all occurrences of these problems. In con-
trast to point sampling, this method pro-
vides census data on the extent and location
of specific pre-defined problems, facilitat-
ing management efforts to rectify such
impacts. Both methods can be applied con-
currently at an assessment rate of approxi-
mately one mile/hour by two surveyors.

All 12 NPS trails on IAH were
assessed; trail length ranged from 0.16 to
3.99 mi, with a mean of 1.56 mi and a total
of 20.1 mi. Use data were developed for
each trail based on trail use monitoring and
development of a simulation model of visi-
tor use (Manning et al. 2004). Based on nat-
ural breaks in the use data, IAH trails were
classified as low-use (0.3–1.0 encoun-
ters/mi), moderate-use (4.0–6.0 encoun-
ters/mi), and high use (10.0–11.0 encoun-
ters/mi).

Table 2 presents point sampling data
for each trail with summaries by level of trail
use and for the entire island. Results reveal
increasing degradation with use level,
though conditions on even the high-use
trails are good—which we attribute to rela-
tively low use, good design, and durable
substrates. However, even with a mean max-
imum incision value of 1.4 in, estimated soil
loss for the entire trail system totals 553 yd3,

which equates to a loss of about 55 truck-
loads of soil. Problem assessment data
(Table 3) also reveal very few occurrences of
excessive soil erosion and muddiness, with
a lineal extent of only 368 and 292 ft/mi,
respectively. These data illustrate the capa-
bility of more measurement-based trail
assessment protocols that provide quantita-
tive data for tracking degradation.
Preliminary standards of quality have been
selected for tread width and maximum inci-
sion, and monitoring will be replicated to
evaluate these approximately every five
years.

An associated program of social sci-
ence research was also conducted on trail-
related impacts at IAH. Trail widening and
erosion, visitor-created trails, and vegeta-
tion loss affect park resources, but these
impacts can also degrade the quality of the
visitor experience. At what point do such
impacts become unacceptable from an
experiential perspective? To help answer
this question, two series of photographs
were prepared illustrating a range of recre-
ation-related trail impacts on IAH, includ-
ing trail erosion and proliferation of visitor-
created trails (Manning et al. 2004).
Preparation of these photographs was guid-
ed by the assessment of trail conditions
described above. The photographs for visi-
tor-created trails are shown in Figure 5. As
with the photographs of visitor use on the
carriage roads described earlier, these pho-
tographs of resource impacts were incorpo-
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Figure 4. Diagram of the cross-sectional area method (variable intervals) for assessing soil erosion on trails.

 



rated into a survey of visitors to IAH. The
resulting social norm curve for visitor-creat-
ed trails is shown in Figure 6. These and
related data are also being used to help for-
mulate standards for recreation-caused
resource impacts.

Conclusion
Recreation monitoring is an expand-

ing, evolving, and increasingly important
element of park management at Acadia.
This monitoring program is conducted
within the context of the NPS VERP frame-
work, which requires identification of indi-
cators and formulation of associated stan-

dards. Indicators provide a focus for the
monitoring program and standards provide
reference points that inform interpretation
of resulting monitoring data and ultimately
guide management action. Identification of
indicators and formulation of standards is
informed by a continuing program of natu-
ral and social science research.

Monitoring of recreation at Acadia
includes both resource and experiential
variables. The monitoring program, and the
research upon which it is based, explicitly
recognize the interrelationships that can
characterize the resource and social dimen-
sions of park and recreation management.

Visitor Impact Monitoring

The George Wright Forum68

Table 2. Point sampling data for tread width and soil loss.

 



For example, natural science research helps
document the ecological impacts of recre-
ation and how these impacts progress over
time, while social science research helps
understand the degree to which these
impacts degrade the quality of the visitor
experience. An integrated program of natu-
ral and social science research can help
develop a more comprehensive and coordi-
nated suite of recreation-related indicators
and standards.

Recreation monitoring at Acadia is
conducted through a combination of field-
based measurements (e.g., measures of trail
width and erosion, direct observation of
PPV levels, visitor surveys), remote sensing
(trail counters), and computer simulation
modeling. This combination of methods is

designed to maximize efficiency and pro-
vide measures of cross-validation where
possible.

Recreation monitoring began at Acadia
nearly 10 years ago, but was relatively nar-
rowly focused on the quality of the visitor
experience on the carriage roads.
Monitoring has since been extended to
other areas of the park and to both experi-
ential and resource-related visitor impacts.
Ultimately, a suite of resource and experien-
tial indicators and standards will be formu-
lated for all major areas of the park, and
management of recreation use and related
impacts will be guided by data derived from
the park’s program of recreation monitor-
ing.

Visitor Impact Monitoring

Volume 23 • Number 2 (2006) 69

Table 3. Problem assessment data for number of occurrences and lineal distance of excessive soil erosion and muddi-
ness.
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VERP: Putting Principles into Practice
in Yosemite National Park

James Bacon, James Roche, Crystal Elliot, and Niki Nicholas

Introduction
THE MERCED RIVER RUNS THROUGH THE HEART OF YOSEMITE NATIONAL PARK. The river is
a central feature of the Yosemite Valley, literally shaping it into the natural wonder for which
the park was originally protected (Figure 1). The Merced was designated as a Wild and
Scenic River in 1987. The Wild and Scenic Rivers Act (1968; 16 USC 1274d) outlines an
overall objective for designated rivers that mirrors the dual mission found in the 1916
National Park Service Act:

Each component of the national wild and scenic rivers system shall be administered in such
manner as to protect and enhance the values which caused it to be included in said system
without, insofar as is consistent therewith, limiting other uses that do not substantially inter-
fere with public use and enjoyment of these values.

Figure 1. Yosemite National Park and the Merced River.



The Wild and Scenic Rivers Act stipu-
lates that user capacity be addressed for
each designated river, and defines it as “the
quantity of recreation use which an area can
sustain without adverse impact on the
Outstandingly Remarkable Values and free-
flowing character of the river area, the qual-
ity of recreation experience, and public
health and safety.”

In 2000, Yosemite National Park com-
pleted the Merced River Comprehensive
Management Plan. Subsequent public criti-
cism and ensuing legal action suggested that
the park had not appropriately addressed
user capacity in the plan. The park was
ordered by the U.S Ninth District Court to
re-address these concerns in a revised plan-
ning effort. Consequently, in February 2004
the park developed a User Capacity Man-
agement Program for the Merced Wild and
Scenic River Corridor (Yosemite National
Park 2004). This program commits to
applying the Visitor Experience and Re-
source Protection (VERP) framework to
address user capacity issues within the
Merced River corridor.

The VERP framework was developed
to address human use and associated carry-
ing capacity issues in units of the national
park system (Hof et al. 1995; NPS 1997).
Development of the VERP framework has
risen out of more than thirty years of
research, planning, and management expe-
rience (Graefe et al. 1984; Hof and Lime
1997; Manning 1999). The framework was
pilot-tested in Arches National Park, Utah,
in the mid-1990s (Hof et al. 1994; Manning
et al. 1995; NPS 1995). Since that time it
has been applied to various other units of
the national park system (Manning et al.
2005).

The application of VERP in Yosemite
National Park represents one of the most

recent, and perhaps complex, initiatives to
date. This paper presents a case study
describing the successes, challenges, and
lessons learned from this effort. Emphasis is
placed on the implementation elements of
the framework: monitoring ecological and
social conditions using indicators and stan-
dards to inform management action.

Methods
The VERP framework consists of nine

elements encompassing both planning and
management activities. Planning activities
associated with applying the VERP frame-
work to the Merced Wild and Scenic River
included the formation of a core planning
team, development of a public involvement
strategy, definition of desired conditions,
and application of prescriptive management
zoning. Operational or management activi-
ties included the development of indicators
and standards of quality, establishment of a
monitoring program, continuation of public
outreach efforts, and determination of alter-
native management action strategies.

Desired conditions were prescribed
based on the Merced River’s “outstanding-
ly remarkable values” (ORVs). ORVs are
defined by the Wild and Scenic Rivers Act
as those characteristics that make the river
worth protecting. In the management plan
these characteristics are classified by the fol-
lowing categories: scientific, scenic, recre-
ational, biological, cultural, geologic, and
hydrologic.

Once desired conditions were devel-
oped, prescriptive management zoning was
applied. This involved the geographic
delineation and definition of appropriate
types and levels of human use along the
river corridor. Zones developed in the
VERP process for the Merced River fall into
three categories: (1) wilderness, (2) diverse
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visitor experience, and (3) developed. (The
Merced Wild and Scenic Comprehensive
Management Plan and its accompanying
environmental impact statement have a
complete listing of management zones
applied.) 

Indicator variables were established to
measure and monitor conditions within the
river corridor and reflect the river’s ORVs.
Currently, a total of ten indicator variables
are utilized, reflecting both social and eco-
logical conditions in the river corridor
(Table 1). Standards of quality were estab-
lished for each indicator variable based on
best professional practice and informed by
available scientific research. Table 2 pres-
ents the preliminary standards for the indi-
cator variables that were monitored in
2005.

Monitoring protocols for each indica-
tor variable have been developed and com-
piled into a field monitoring guide. The
field guide establishes monitoring method-

ology, monitoring locations, equipment
requirements, and safety considerations.
Each season during the first five years of the
program represents iterations toward devel-
oping a rigorous management program. An
annual report summarizing monitoring
results, potential need for management
actions, and program evaluation concludes
each iteration.

Selected results
Examples of selected monitoring

results are presented below. Complete field
monitoring protocols and results from the
2004 and 2005 seasons are documented in
the field monitoring guide and annual
reports, respectively. These documents can
be found on the park’s website (www.nps.-
gov/yose/planning/ucmp.htm).

Length of social trails indicator. The
length of social trails in meadows was mon-
itored in 2004 and 2005. Maps were gener-
ated exhibiting the linear extent of social
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Table 1. Indicator variables and methods of measurement used in 2005.



trails in each meadow in Yosemite Valley.
Figure 2 presents findings from El Capitan
Meadow in 2004 and 2005.

The total length of social trails in El
Capitan Meadow has increased from
5881.3 m in 2004 to 7132.5 m in 2005.
This may be due to the wet conditions
found in the meadows in 2005 resulting

from an above-average snowfall during the
winter. Such wet conditions may have con-
tributed to a greater number of trails with a
higher degree of impact per unit area.
However, caution must be applied when
interpreting these results because 2004
marked the first year of social trail monitor-
ing in meadows and was conducted under
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Table 2. Indicator standards of quality used in 2005.



significant time constraints. This may have
caused some trails not to be documented in
2004, whereas a more thorough inventory
may have been achieved in 2005.

Nevertheless, monitoring in El Capitan
Meadow has provided a baseline or inven-
tory suggesting that there are significant
social trail impacts. These impacts are most
likely due to several factors. Human activi-
ties in the meadow consist of river access,
viewing climbers on El Capitan, picnicking,
traditional activities, and others. This is also

complicated by animal behavior in the
meadow. Generally, deer and bear utilize
human-made trails in the meadow and vice
versa. Continued monitoring is necessary to
distinguish between human and wildlife
impacts and to further determine the overall
extent of social trail impacts in El Capitan
Meadow in order that appropriate manage-
ment action can be taken to mitigate
impacts.

Water quality indicator. Water quality
sampling has been conducted monthly and
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Figure 2. Social trails in El Capitan
Meadow in 2004 (top) and 2005
(bottom).



during storm events since July 2004.
Samples taken from ten locations along the
main stem and South Fork of the Merced
are analyzed for nutrients such as total dis-
solved nitrogen and total phosphorous,
petroleum hydrocarbons, and E. coli bacte-
ria. During spring surface run-off periods,
sampling is conducted on a weekly basis in
order to document the potential concentra-
tion of water contaminants during such
high-water events.

An example of data from the main stem
of the Merced is shown in Figure 3, which
can be interpreted as follows: the bottom
and top of the box represent the 25th and
75th percentile values, respectively. The
line within the box is the median, whiskers
represent the 10th and 90th percentile val-
ues where sufficient data exists, and dots
represent outlier values.

Overall, data analysis from 2004 shows
all water contaminants to be well below
California State standards, which have been
established in accordance with the Clean
Water Act. Rigorous water quality monitor-
ing will continue for the next three years to
establish baseline data from which stan-
dards may be reliably established.

Ethnobotany indicator. Ethnobotany
refers to the mutual relationship between
plants and traditional peoples (Cotton
1996). In 2005, a new ethnobotany indica-
tor was pilot-tested that addresses Ameri-
can Indian plant gathering activities along
the Merced River corridor. Various plant
species found along the corridor are gath-
ered and used by local American Indian
groups for traditional practices. Many of
these species are being affected by overall
visitor use. Therefore, this indicator has
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Figure 3. Box diagram of total dissolved nitrogen data from the main stem Merced River sampling
stations, July 2004–August 2005. See text for explanation.

 



been developed in an attempt to protect
both the natural resources and associated
experiences important to local American
Indian traditional practices.

Monitoring consisted of assessing the
health and condition, both biologically and
with respect to practitioner use, of four
plant species traditionally gathered by local
American Indian groups: bracken fern
(Pteridium aquilinum), blue elderberry
(Sambucus mexicana), showy milkweed
(Asclepias speciosa), and redbud (Cercis
occidentalis). Biological parameters meas-
ured by park staff are given in Table 3.

A practitioner assessment protocol was
also developed to determine the “usability”
of selected plant populations for traditional
activities (Figure 4). Practitioners assessed
blue elderberry and redbud during the
2005 pilot season. Use criteria were deter-
mined in consultation with native practi-
tioners and a usability scale was established
(1 = “extremely poor,” 10 = “optimal”) for
berries (blue elderberry), stems, and overall
health. Results from field monitoring in
2005 will be used to establish baseline
information, while more appropriate stan-
dards of quality have yet to be determined.
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Table 3. Summary of biological parameters measured for each species. 

 



Discussion
Park planning. VERP is defined as a

planning and management framework (NPS
1997). Planning elements of the framework
were originally intended to be incorporated
into park general management planning
(GMP) efforts (NPS 1997). However, the
framework may also be applied outside of
the GMP process (Hof and Lime 1997). In
some park units, for example, VERP has
been applied in conjunction with imple-
mentation-level planning efforts, such as
wilderness management and other related
plans. This disparity in applying VERP has
left many professionals unclear about when
and how to most effectively incorporate the
framework into park planning.

In Yosemite, VERP has been applied in
conjunction with wild and scenic river plan-
ning. As noted earlier, it was first applied to
the Merced River and is now being applied
to the Tuolumne River. These plans are
considered on the scale and order of com-
prehensive or general management plans.
Applying a VERP planning and manage-
ment framework at this level ensures com-
pliance with the provisions of the National
Environmental Policy Act (NPS 1997).

Indicator variables. Various indictors
have been tested in the Yosemite VERP
program. It is important to note that several
of the indicators originally tested in 2004
were replaced in 2005 with more salient or

appropriate indicators. It was found that
many of the indicators originally pilot-test-
ed were more oriented to wilderness values
and less suited to the frontcountry of
Yosemite Valley. Therefore, new indicators,
such as the availability of day-use facilities,
health and condition of traditionally gath-
ered plant resources, parking availability,
and people at one time (PAOT) along the
river, were developed. Our experience thus
far suggests that different indicators work in
different areas. That is to say, what applies
in the backcountry may not necessarily be
most suited for the frontcountry. This has
been found to be true in other park units
with a diversity of resources and visitor
opportunities (Budruk and Manning, in
press). Therefore, indicator development
should proceed by selecting a diverse set of
variables that most adequately reflects natu-
ral, cultural, and social conditions in partic-
ular areas of the park.

Standards of quality. Setting stan-
dards of quality for indicator variables con-
tinues to be an iterative learning process. At
the outset we were unsure as to what might
represent appropriate standards of quality
for some indicator variables. Therefore,
interim standards were established repre-
senting the desire to have no further impact.
Initial data collection efforts then focused
on obtaining baseline information on exist-
ing conditions from which to determine
whether additional impact has occurred.
For example, the standard for the length of
social trails in meadows indicator was set at
no net increase in length of social trails from
2004 baseline. However, monitoring in El
Capitan Meadow in 2004 established a
baseline condition that appeared already
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Figure 4. American Indian tribal members and park staff develop-
ing practitioner assessment protocol.

 



unacceptable to resource management pro-
fessionals. Therefore, measures to mitigate
these impacts were initiated even before
monitoring in 2005 showed that additional
impact had occurred.

This example illustrates that standards
of quality should represent desired, rather
than existing conditions. As Laven and
Manning (2005) caution, standards set at
baseline or existing conditions may poten-
tially lead to the perpetuation of unaccept-
able conditions. Nevertheless, our experi-
ence suggests that setting preliminary stan-
dards of quality is an integral part of the
iterative learning process that characterizes
the VERP framework. In the absence of
published standards for a particular indica-
tor, baseline conditions may represent a
starting point that stimulates discussion,
refinement, and research leading to more
appropriate standards protective of desired
conditions.

Public involvement and outreach.
The developers of the VERP framework
recognized the value and importance of
public involvement in park planning and
management decision-making to the extent
possible. Element two of the framework
calls for the development of a public
involvement strategy. This strategy should
consider not only how to best involve the
public in VERP planning elements, but also
in the implementation-level elements of the
framework.

Yosemite has conducted quarterly
meetings to provide the public with updates
and information on the park’s VERP moni-
toring program. Information is also found
on the park’s website and includes docu-
ments such as the VERP field monitoring
guide, annual report, and fact sheets.
Finally, public outreach has also included
volunteer monitoring of indicator variables.

In 2005, several local volunteers donated
their time to monitor indicator variables.
This has proven very effective for promot-
ing continued public involvement in the
monitoring program. Through such efforts,
volunteers are able to see first-hand what
goes into making informed management
decisions. Often, volunteer monitors recog-
nize, perhaps for the first time, the inherent
trade-offs that must be made when attempt-
ing to balance resource protection and pro-
viding high-quality experiences in the park.

VERP programming and institution-
alization. An important aspect of VERP
involves the institutionalization of an on-
going program for the implementation-level
elements of the framework: monitoring,
reporting of results, and taking appropriate
management action. Concerns have been
voiced about these elements of the VERP
framework. Hof and Lime (1997) suggest
that the lack of funding sources and an insti-
tutional basis to implement VERP will
result in the framework being only partially
applied or not at all.

In Yosemite, fee demonstration money
has been allocated to initiate the program.
However, concerns remain as to long-term
funding for the program. Grants, in the
form of National Park Service-wide Com-
prehensive Calls and other funding sources,
have been sought to complement park fiscal
resources. However, these are neither reli-
able nor long-term funding sources.

Recently, Yosemite has made strides
toward developing an institutional basis for
its VERP program. In June 2005 a program
coordinator was hired. This individual
coordinates the efforts of various personnel
across several administrative branches and
divisions of the park. Collectively, this team
of people is creating the necessary institu-
tional and organizational structure to carry
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out the operations of the framework on a
continuing basis.

Informed management action. The
last step in the VERP process is to feed
monitoring results back into informed man-
agement action to mitigate unacceptable
impacts. A handbook, Maintaining the
Quality of Park Resources and Visitor Ex-
periences (Anderson et al. 1998), has been
produced; it is intended to provide insight
into the range of potential management
strategies that may be employed to mitigate
impacts. However, this range of strategies is
often constrained by the socioeconomic
and political environment in which national
park administration is couched. Legal chal-
lenges, funding deficiencies, and other fac-
tors can often hinder managers from taking
timely and appropriate action. How to fully
integrate VERP monitoring results into
informed action may be a function of miti-
gating not only visitor impacts, but manage-
ment constraints as well.

Conclusion
Yosemite has committed to applying

the VERP framework as a means to address
user capacity and associated human use
impacts throughout the park. Initial appli-

cation of the framework to the Merced Wild
and Scenic River has been positive. Further
application of VERP is expected to occur
on an area-by-area, plan-by-plan basis. The
next application will occur as part of the
Tuolumne Wild and Scenic River plan and
subsequently in the revision of the park’s
wilderness management plan. In this way,
the VERP program in Yosemite will eventu-
ally be expanded park-wide, representing a
full spectrum of resources and associated
human experiences.

Implementation elements of VERP—
monitoring, reporting results, and taking
management action—will remain integral
parts of an institutionalized and on-going
program. Such efforts will need to be, to the
extent possible, integrated into routine park
operations. As one park professional has
stated, “it needs to be a part of the way we
do business.” Thus, one might argue that
the success of a park-wide VERP program
is contingent upon it losing its distinctive
identity as a process or framework in and of
itself, and simply becoming a part of every-
day business. Initial experience in applying
VERP in Yosemite suggests that this may
not only be a desired outcome, but a neces-
sary one.
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