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In 1991, I sat at a large wooden table in Arlie House, an historic country inn outside of Washington,
DC. It was a beautiful spring day, and around the table with me sat a group of conservationists, tour
operators, NGO representatives and donor agency officials. We had come to Arlie House from
Africa, Asia and the Americas on the occasion of the first board meeting of a new organization
called The Ecotourism Society. One of our most important tasks was to succinctly define the word,
‘ecotourism’. After lengthy discussion, the group reached consensus on a brief but fundamental def-
inition for this newly emerging idea: ‘Ecotourism is responsible travel to natural areas that conserves
the environment and improves the welfare of local people’.

Since that day, much has changed. But the basic tenets of ecotourism – conserving nature and
benefiting local communities – have remained the same. During the 1990s, tourism exploded across
the world stage. According to the World Travel and Tourism Council, tourism generates nearly 11%
of global gross domestic product (GDP), employs some 200 million people and transports nearly 700
million international travellers per year – a figure expected to double by 2020. The World Tourism
Organization reports that tourism is one of the top five exports for 83% of countries and the main
source of foreign currency for at least 38% of countries. Even if we account for any possible statisti-
cal errors, the bottom line fact is indisputable – tourism is growing, and growing fast in many places.

At the top of that growth curve is nature and adventure travel, which has emerged as a lead-
ing tourism sector. Whether it is cruise ships plying the remote waters of Glacier Bay in Alaska,
hikers flocking to the lush rainforests of northern Australia, or city dwellers heading to luxury safari
lodges in Africa, more and more tourists are seeking out nature and the beauty of wild places.

Just as tourism has grown and changed, ecotourism also has gone through a kind of meta-
morphosis. In its early days, ecotourism was seen more as a type of travel and a specific market
niche. Today, it is increasingly viewed as a travel concept or philosophy, based upon a set of prin-
ciples that can, and should, be applied across the widest possible spectrum of the global tourism
industry in an effort to make tourism truly sustainable and a positive benefit to the natural and cul-
tural heritage of our planet. In that sense, ecotourism and nature travel should not be viewed as
the same thing. A river-rafting trip through the jungle may be fun, may be interesting and may pro-
vide a great family vacation. But only if that trip directly promotes the protection of nature and
tangibly contributes to the well-being of local people does it become ecotourism.

At this time in our history, we find ourselves at a crossroads where the Earth’s last wild areas,
the make-or-break world of economic survival for millions of people and the ever-expanding
world of tourism meet. We know what ecotourism should be and, in a number of positive exam-
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ples from around the world, we know what ecotourism can be – a catalyst for protecting nature
and supporting cultural heritage. But for ecotourism to achieve its true potential, we must fully
understand its impacts – both at the site-specific level and on a global scale. We need to know
where it works and why, and we need to learn from its mistakes and understand its limitations.
Ecological Impacts of Ecotourism helps us to do that, by collecting together a variety of research
efforts that attempt to both define and then evaluate different kinds of environmental impacts, both
positive and negative, that ecotourism may be having. It is an important step forward providing
much-needed research on the ecological footprint of ecotourism.

Costas Christ
Senior Director, Ecotourism, Conservation International, 

Washington, DC, USA

x Foreword
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Ecotourism is widely recognized as the most rapidly growing sector within the global tourism
industry. By definition, ecotourism is travel to minimally impacted natural areas and associated cul-
tural locales. Ecotourists enjoy nature, and cultures that coexist harmoniously with the natural envi-
ronment; they are conscious of minimizing their impacts on nature and local cultures and aim to
improve socio-economics of local populations. Given this relatively noble profile, compared to
other tourist types, can the ecotourist actually have adverse ecological impacts on places and peo-
ples visited, the land, water and air traversed, and the animals and plants viewed?

The papers compiled in this volume attempt to answer questions of ecological impacts of eco-
tourism. They derive from case studies in countries such as Australia, Brazil, Canada, New
Zealand, Russia and the USA. Some chapters, e.g. Impacts of Ecotourism on Terrestrial Wildlife by
Ralf Buckley, also provide a broad overview of literature on the subject. Despite insufficient data
and country- or site-specificity of analyses presented, the evidence is sufficient to caution ecotour-
ists and their promoters against complacency with regard to the adverse impacts of ecotourism on
natural areas. The volume raises important questions and issues that must be addressed if ecotour-
ism, as a nature- and culture-friendly industry, is to benefit socio-economics of peoples and
regions in less developed parts of the world.

At the Fifth World Parks Congress, convened in Durban, South Africa, from 8 to 17 September
2003, the global community celebrated the fact that about 12% of the world is under some form
of legal protection for nature and associated cultural features. At that congress, tourism, particu-
larly ecotourism, was frequently hailed as the most promising industrial partner for nature conser-
vation and protected area management. Yet, the number of protected areas among more than
44,000 now recognized worldwide in which we have been able to clearly demonstrate benefits
for both nature conservation and local economies are few. This paucity of success stories applies
even for the sub-set of protected areas designated as World Heritage by UNESCO.

Of the 754 sites that are recognized as World Heritage, 582 are cultural. Many of them are
monuments, e.g. the Taj Mahal of India. The remaining 172 sites contain natural (149) and mixed,
natural/cultural (23) sites, respectively. The 172 sites comprise more than 500 protected areas. The
Great Barrier Reef of Australia and the Serengeti of Tanzania are amongst the well-known World
Natural Heritage sites; mixed sites include Machu Picchu of Peru,Tikal National Park in the Mayan
Region of Guatemala and Australia’s Uluru Kata-Tjuta National Park.

Despite the ‘iconic’ status of the 172 natural and mixed sites among the world’s protected areas,
tourism’s performance in those sites is rather mixed. In Queensland, Australia, a thriving ecotourism

xi

Preface

BUCKLEY MAKE-UP  23/6/04  10:29 AM  Page xi



enterprise, centred on the Wet Tropics World Heritage area, has almost fully replaced timber-extrac-
tion as a basis for the regional economy within a decade. Jiuzhaigou and Huanglong World Heritage
areas in Sichuan, China have fostered multi-million dollar tourism enterprises, corrected unsustain-
able visitor management practices and transfer millions of dollars for the benefit of local peoples,
including some Tibetan communities. In the past, however, China, fast becoming the world’s most
important importer and exporter of tourists, had to resort to drastic measures in the Mount Huangshan
World Heritage area, to curtail and reverse impacts of unsustainable tourism practices.

Assumptions of our ability to convert mass tourism to ecotourism rely on changes we antici-
pate and influence in society as a whole. Continuous growth of a literate and educated public,
interested to know more about nature, biodiversity, wildlife and local cultures are a necessary con-
dition for an ecotourism economy. Without the growth of that part of the mobile public that is curi-
ous about natural and cultural histories of places and people, and are eager to see and learn about
them in modest comfort, travel and tourism will merely result in crowded cities and beaches.
Conservationists and the industry need to invest more time, effort and resources into educational
schemes to ensure that markets for ecotourism will grow continuously.

Education that can sustain the creation and growth for a market for ecotourism cannot solely
be dependent on opportunities for viewing large charismatic species in land and water, in selected
parts of the world. It must re-create an interest and curiosity about nature, wildlife and cultures
through different approaches and techniques in outdoor education that can continue to expand
the repertoire of natural and cultural heritage that can fascinate and inspire the visitor. Research
on nature and culture, including how we impact those natural and cultural treasures that we seek
out to view, study and learn about, is a necessary condition to building a knowledge base critical
to the success of the ecotourism enterprise.

Natarajan Ishwaran PhD Chief, 
Natural Heritage Section

UNESCO World Heritage Centre
Paris, France

xii Preface
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Ecotourism has been espoused widely as a tool
for commercial profit, community develop-
ment and environmental conservation (UNEP/
WTO, 2002). It can indeed achieve all these on
occasion (Buckley, 2003). In the process, how-
ever, it does produce impacts on the natural
environment. In particular, many ecotourism
products rely on protected areas, where envi-
ronmental impacts are of particular concern. As
pressure on conservation areas from ecotour-
ism and recreation continues to rise, an under-
standing of impacts and ways to manage them
becomes increasingly important for land man-
agers and tour operators alike (Eagles and
McCool, 2002; Buckley, 2003; Buckley and
King, 2003).

There is now a substantial literature on
ecotourism as a component of the tourism
industry (Fennell, 1999; Weaver, 2001a,b;
Newsome et al., 2002). This literature does
consider environmental impacts, but rather
briefly (Buckley, 2001; Newsome et al., 2003,
pp. 79–145). There is also a substantial litera-
ture on outdoor recreation and recreation ecol-
ogy (Hammitt and Cole, 1987; Liddle, 1997;
Manning, 1999); and since much of ecotourism
is commercialized outdoor recreation, this lit-
erature is highly relevant to the impacts of eco-
tourism. In addition, there is a longstanding
body of research and practice on the manage-
ment of protected areas and wilderness (e.g.
Eagles and McCool, 2002; Hendee and

Dawson, 2002), some of which refers to visitor
impacts.

This volume aims to review and synthesize
available information worldwide on the envi-
ronmental impacts of ecotourism. From a man-
agement perspective, we need to know the
impacts of different numbers of people with dif-
ferent skills and backgrounds, in groups of var-
ious sizes, undertaking a range of different
activities in various different ecosystems at dif-
ferent times of year under different management
regimes, on a variety of specific environmental
parameters of ecological concern. However,
research data are available only for a rather lim-
ited set of activities, ecosystems, environmental
parameters and management regimes. Some of
the impacts of some activities in some countries
have been studied in detail; others much less so
or not at all. Both the choice and content of the
following chapters necessarily reflects the avail-
ability of relevant research data.

As there are many factors that influence
the environmental impacts of ecotourism, there
are correspondingly many criteria on which to
classify those impacts. For example, impacts
may be classified by ecosystem, by activity, by
impact mechanism or by the ecosystem com-
ponent affected.

Different formats are useful to address dif-
ferent management issues. In considering
whether and where to allow high-impact uses
such as helicopters, off-road vehicles or horses,

1© CAB International 2004. Environmental Impacts of Ecotourism (ed. R. Buckley)

Introduction

Ralf Buckley
International Centre for Ecotourism Research, Griffith University, Gold Coast,

Queensland, Australia
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for example, land managers need to know all
the various impacts that such uses are likely
to create. In considering how best to protect
endangered wildlife, or how to manage wildlife
watching so as to provide tourism opportunities
without threatening wildlife populations, it is
more useful to consider all the impacts that a
range of different activities might have on the
species concerned. Different chapters in this
volume use different classification criteria,
reflecting the structure of available research
information.

The overall chapter structure follows a
pragmatic approach, with reviews of more
heavily studied topics, and case studies of
impacts which are significant but as yet little
analysed. In practice, there are few topics
where a realistic choice is needed between
classification by ecotourist activity, by impact
mechanism or by ecosystem component. As
one example, the impacts of off-highway vehi-
cles (OHVs) on wildlife are equally relevant to
management of OHVs, and to conservation of
endangered or otherwise significant fauna. In
this particular instance, we chose the activity
classification, on the grounds that impacts of
wildlife are a major cause for concern in man-
agement of OHVs, whereas OHVs are only one
of many ecotourism activities with ecological
impacts on animal species.

The focus of this book is the on-site envi-
ronmental impacts of ecotourism: the recrea-
tion ecologists’ contribution to the ecotourism
literature. However, those on-site impacts do
not occur in isolation, and the book’s first three
chapters aim to provide a context. The ecotour-
ism sector benefits greatly from conservation of
the natural environment and can also make
positive contributions on occasion. The first
chapter summarizes some of the mechanisms
and the overall balance between positive and
negative impacts. A detailed quantitative
assessment is beyond the scope of this volume
and would need another book.

Ecotourists often travel considerable dis-
tances to reach preferred destinations, and this
long-distance travel also has significant envi-
ronmental impacts, summarized by Simmons
and Becken in Chapter 2. Notably, whereas
ecotour operators and land management agen-
cies have a range of tools to reduce environ-
mental impacts on site, during long-distance

travel most ecotourists produce precisely the
same per capita impacts as any other tourist.
Finally, whereas most ecotourists visit briefly
and head home, other visitors to the world’s
scenic places move there permanently. In some
regions this so-called amenity migration com-
pletely eclipses both tourism and primary
industries in its social, economic and environ-
mental consequences. Perhaps the best-known
examples are in the mountain states of the
western USA: the Sierra Nevada of California;
the Rocky Mountains of Colorado and Arizona;
and the Greater Yellowstone Region (GYE) in
Idaho, Montana and Wyoming. Migration to
the GYE and adjacent areas of south-western
Canada is particularly dynamic at present, and
the issues involved are examined by Johnson in
Chapter 3.

In the second section of the volume, the
impacts of four common ecotourism activities
are reviewed in turn. The effects of trampling by
hikers are perhaps the most heavily studied of
all recreational impacts, particularly in the
montane ecosystems of North America, and
one of the first where anyone attempted a quan-
titative synthesis of the research literature. That
approach was taken by Cole in the mid-1980s,
and in Chapter 4 he updates his previous
reviews to the current state of the art. Similar,
but more intense, impacts on soil and vegeta-
tion are produced by horse-riding and off-road
vehicles, and these are reviewed in the two
subsequent chapters. Impacts of recreational
boating, the marine equivalent of off-road vehi-
cles, are also reviewed in this section.

A corresponding review for freshwater
locations, by Mosisch and Arthington, empha-
sizes the ecosystem more than the activity, and
is placed accordingly in the book’s third sec-
tion. It is followed by a review of tourism
impacts in polar ecosystems, compiled by
the transatlantic team of Forbes, Monz and
Tolvanen. This section also includes reviews of
ecotourism impacts on the more heavily stud-
ied groups of animal species – whales and their
relatives, birds and terrestrial wildlife.

The fourth section examines impacts spe-
cifically from a management perspective.
Marion and Leung discuss how best to manage
the hiking and camping impacts reviewed in
earlier chapters; and Manning and his col-
leagues address how impacts are perceived by

2 R. Buckley
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ecotourists themselves, rather than by manag-
ers or scientists; and how they may be managed
through various rationing and allocation tools.

In the first four sections of this volume, the
authors set out specifically to review estab-
lished fields of research, synthesizing the global
scientific literature on the better-studied envi-
ronmental impacts of ecotourism. The fifth, and
final, section presents case studies from recent
research, little-studied impacts and continents
where English is not the primary language.

Education and interpretation is a com-
monly used approach in reducing impacts, but
its effectiveness has very rarely been tested in
any rigorous way. A recently completed 3-year
study in a World Heritage rainforest in subtrop-
ical Australia is presented here by Littlefair.
Protocols for rapid assessment of impacts at
seakayak campsites have been developed by
Monz on behalf of the US National Outdoor
Leadership School, and an Alaskan case study
is presented by Monz and Twardock.

Introduction and dispersal of plant and
animal pathogens, initially invisible, may ulti-
mately produce far more severe ecological
consequences than more readily apparent
impacts. Two examples from Australia are pre-
sented: a review of impacts caused by the
jarrah dieback fungus, and a detailed experi-
mental study of recreational swimming impacts
on waterborne bacteria. Both of these are of
particular significance for management. For the
dieback fungus, only complete quarantining of
entire water catchments from any human
access seems to be effective in preventing the
spread of the disease, which causes major eco-
logical change in a wide range of Australian
plant communities. For recreational swimming,
the use of a carefully designed monitoring
approach can identify impacts below the
threshold of human health concern, as an early
warning indicator for management action.

A somewhat different management
approach is taken by Priskin in her study of off-
road vehicles on a section of coastline in
Western Australia. In this case the localized
impact is easily identifiable: complete removal
of vegetation. From a management perspective
the critical issues are the aggregate broad-scale
loss of plant cover, flow-on effects on dune
stability and management tools to curtail con-
tinued proliferation of new tracks.

Finally, much of the internationally access-
ible research literature derives from the North
American continent and is written in the
English language. However, similar ecotourism
activities, impacts and management issues
occur equally in other continents and are
described in other languages. We are fortunate
to include case studies from Brazil and Russia,
contributed by Magro and De Barros, and
Chizhova, respectively. We trust there will be
many more such studies in future.
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Introduction

Ecotourism is widely touted for its positive
impacts, actual or potential, for communities
and conservation as well as for companies and
consumers. In arguing for access to protected
areas, for example, tourism lobbyists and eco-
tourism operators commonly argue not only
that they will take steps to minimize their envi-
ronmental impacts, but that ecotourism also
generates benefits. However, protected areas
also provide very significant benefits for the
tourism industry. This chapter therefore sum-
marizes these costs and benefits as a context for
the detailed reviews and case studies of specific
impacts in the rest of the book.

Every year more of the planet’s natural
resources are consumed or contaminated by its
human population. Human survival needs
drinkable water, breathable air and usable bio-
logical diversity. Natural ecosystems are the
world’s primary reservoirs for each of these.
Ecosystems worldwide have been modified by
human activities to various degrees. Areas of
near-pristine wilderness and other little-mod-
ified environments are continually reduced.
Areas of nearly completely modified environ-
ments, such as city centres, garbage dumps,
mines and monocultures, continue to expand.
The much larger areas with significant but not
total modification, such as rural residential,
broadacre pastoral and logged native forests

are also continuing to expand, and to encroach
on the least-modified areas. To arrest and
reverse these trends will only be possible with
large-scale and far-reaching changes in human
social structures and human behaviour. How-
ever, without such changes in the short term, far
larger disruptions will be forced upon us.

The single most critical component of any
long-term strategy for sustainability, and
indeed human survival, is hence to maintain
representative areas of the world’s various eco-
systems in a reasonably intact and functional
state. This, of course, is the principal aim of the
global system of protected areas, including
World Heritage Areas, Biosphere Reserves,
national parks and other conservation areas.
However, on their own, parks are not enough
to prevent continued loss of biological diver-
sity: first, because they are too small and not
fully representative; and, secondly, because
they are not fully protected. Currently, there are
other areas of public and private lands outside
the protected area system, which contribute
significantly to conservation of biodiversity and
air and water quality. These include: polar, high
montane, desert and marine ecosystems where
there are few people; forests, woodlands and
rangelands which are used for timber and live-
stock production but which none the less retain
much of their original character function and
biological diversity; and tribal and community
lands where human lifestyles do not involve

5© CAB International 2004. Environmental Impacts of Ecotourism (ed. R. Buckley)
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intensive modification to the natural environ-
ment.

As human population and resource con-
sumption continue to grow, however, all these
unprotected areas are subject to increasing
exploitation and modification, as logging, agri-
cultural clearance and similar impacts acceler-
ate. In particular, some of these areas are
contiguous with conservation reserves, and
increasing population pressures are leading to
land clearance and settlement right up to
reserve boundaries, and sometimes encroach-
ment within reserves themselves. In areas
where protected area boundaries are not well
defined or patrolled on the ground, such
encroachment may commonly include poach-
ing, illegal harvesting, small-scale settlement
and sometimes military manoeuvres. However,
even in areas where national park boundaries
are well established and enforced, encroach-
ments can still occur. In some cases, relevant
legislation may allow certain classes of devel-
opment inside protected areas. Also, develop-
ment outside park boundaries can increase the
pressure of weeds, pathogens, feral animals,
water pollution and fire sources around the
perimeter of the protected area, and these can
then spread inside the protected area without
further human intervention.

Conservation of representative ecosystems
can therefore be improved either by adding to
the protected area estate, by improving the
effectiveness of protection in existing reserves,
or by reducing modification to land outside
reserves so as to improve its conservation
value.

In purely financial terms, it would be
within the scope of the world economy for
richer governments and corporations simply to
buy all the remaining areas of high conserva-
tion value worldwide at current market prices,
and declare them as protected areas (Pimm,
2002). However, for many political reasons,
this is very unlikely to happen. Many protected
area management agencies don’t have enough
money to manage their existing estate, let alone
add to it. The total area of national parks and
similar reserves worldwide has continued to
grow slowly (Eagles, 2002; Eagles and McCool,
2002; Eagles et al., 2002), and funding for some
protected area management agencies has in-
creased significantly over recent years. How-

ever, on a global scale, public protected areas
are increasingly short of funds. At the same
time, they are subject to increasing human
pressures, both from around outside their bor-
ders, and from increasing visitor numbers and
expectations. As a result, only the largest and
most remote protected areas can simply be set
aside to survive on their own. Most require con-
tinued management action to control ongoing
conservation threats; and these management
actions require operational funding.

Note that whereas a significant compo-
nent of this funding is required for managing
visitors, most parks agencies cannot solve fund-
ing shortfalls simply by closing their gates and
keeping visitors out, for several reasons. Funds
are still needed for basic conservation manage-
ment, including control of fire, feral animals
and weeds. Most parks don’t have gates: and if
there are no rangers to stop them, people will
continue to enter and exploit protected areas,
legally or not.

In addition, few parks agencies have a
legal mandate to close parks to the public com-
pletely, except in very unusual circumstances;
though they generally do have the power to
impose a wide variety of specific restrictions.
Even where the legal mandate exists, e.g. to
limit numbers or ban particular historical uses,
such as horse-riding or snowmobiles, it can be
difficult for parks agencies to impose such
restrictions in practice, unless they first muster
strong political support from groups who favour
conservation and low-impact recreation only.
In addition, although the legal and financial
systems that support parks and their manage-
ment agencies can survive short-term political
opposition, laws and budgets are themselves
human social constructs and need continued
political support to survive in the longer term.
Parks agencies therefore need to maintain polit-
ical constituencies who will support their con-
tinued existence; and the greater the external
pressures they face, the more such support is
needed.

Such political support may derive from
four major groups, namely those who support
protected areas for: existence values, conserva-
tion and global ecosystem services; local eco-
system services such as drinking water
supplies; individual recreational opportunities;
and commercial opportunities, such as tourism.
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The first two of these groups have little or no
negative impact on specific protected areas.
However, the former provide rather diffuse and
generalized support, rarely linked to marginal
electorates or practical powerbrokers. The
second is relevant only for a limited number of
protected areas, such as those associated with
municipal water catchments.

The recreational group is quite large, but
does create on-site impacts, and will generally
only maintain its support as long as recrea-
tional opportunities are still available. Indeed,
if these opportunities are withdrawn, support
may change to antagonism. For protected area
management agencies, this group presents sev-
eral management dilemmas. More outdoor rec-
reation means more political support, but
restricting numbers or activities to control
impacts causes political contention. Different
activities cause widely different per capita
impacts, but higher-impact activities, which
use expensive equipment, are likely to have
greater funds for political lobbying.
Demographics and interests change, and
people of different ages, origins and, indeed,
ethnic backgrounds may often want to use
parks for different activities; but it can be diffi-
cult for parks agencies to provide a correspond-
ingly changing spectrum of opportunities
(Haas, 2002). And, finally, conflicts can be
commonplace between different recreational
groups, and between private recreational visi-
tors and commercial tourism operations.

Until recently, commercial tour operators
were not a significant stakeholder in protected
area management, and in most of the world this
is still the case. However, in some countries
and areas, large-scale tourism operations,
industry associations and government tourism
portfolios have recognized the economic sig-
nificance of protected areas for commercial
tourism operations, and are exerting strong
pressure for increased access and opportu-
nities, and in some cases for a say in manage-
ment. The rhetoric for such involvement is
couched in terms such as partnership (Buckley,
2002a; DeLacy et al., 2002; Charters, 2002;
IUCN, 2002); but the reality seems to be about
the tourism industry wanting rights of access to
national parks to run commercial ventures,
with little mention of what the parks agencies
and the public might receive in return. The

degree and direction of political debate on this
topic differs considerably between nations.

In this volatile political landscape, and
particularly in the context of political negotia-
tions over so-called partnerships, it is timely to
consider the current balance sheet between
tourism and conservation. What are the bene-
fits and costs of conservation to tourism, and
what are the benefits and costs of tourism to
conservation?

Trying to use any commercial industry,
including tourism, as a conservation tool is per-
haps grasping at straws. Human impacts on the
planet continue to grow apace, however, and
there seem to be remarkably few practical con-
servation tools which are both rapid and effec-
tive. Stringent laws and strong enforcement are
most effective, but they are slow to establish
and improve, not least because of international
trade law. Markets can move quickly, but they
are unprincipled and unpredictable. Tourism
can muster considerable economic power, but
tourism developers and entrepreneurs are in
business for private profit, not public good. It is
commonly in their commercial interests to gain
access to natural tourist attractions as cheaply
as possible, and it is not in their commercial
interests to protect the natural environment,
except as required to maintain their income.
Here, therefore, I examine the principal mech-
anisms by which tourism may have either
positive or negative impacts on the natural
environment, and some of the political factors
that affect the balance.

Benefits of Protected Areas for
Ecotourism

Seas and scenery, wildlife and waterfalls,
forests and mountains are major tourist attrac-
tions worldwide, and many of them owe their
attractiveness, and indeed their continuing
existence, to conservation reserves. People visit
parks in ever-increasing numbers, and World
Heritage Areas, national parks and similar
reserves are major destinations for domestic
and international tourists alike.

Although plants, animals, water and
scenery occur in other public and private lands
as well as parks, parks provide a number
of additional advantages for commercial tour
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operations. Many national parks, and World
Heritage Areas in particular, incorporate icon
attractions which are well-known or, indeed,
internationally famous, and which are effec-
tively advertised through information materials
produced for the general public by a protected
area management agency. They have publicly
funded access and publicly funded visitor infra-
structure, including carparks, toilets, tracks and
trails, lookouts, visitor centres and interpretive
materials.

The economic scale and significance of
conservation benefits to tourism are not well
quantified, but they are very large. A number of
estimates internationally indicate that at least
half of the world’s tourism and travel is so-
called geotourism (Stueve et al., 2002), i.e.
travel to specific geographic attractions, and
much of this is to natural attractions, many of
them within protected areas. Since the global
tourism and travel industry is currently worth
around US$500 billion per annum (p.a.) (WTO,
2002), this would suggest that conservation is
worth around at least US$250 billion p.a. to
tourism. Indeed, in North America alone it has
been calculated that national parks contribute
around US$250 billion p.a. to the tourism
economy, including private recreation and
other factors as well as commercial tourism
(Eagles, 2002). In Australia, at least one-quarter
to one-third of the tourism industry is in the so-
called nature, eco- and adventure tourism
(NEAT) sector (Buckley, 2000); i.e. around
US$10 billion p.a. In many African and Latin
American nations, almost the entire tourism
industry is based on conservation reserves. In
the Yukon area in northern Canada, every
Can$1.00 invested by Parks Canada yields an
increase of Can$3.50 in tourism revenues
(Thompson and Peepre, 2002).

At its most basic, commercial opportu-
nities exist wherever people visit parks and
businesses can sell them tourist services. Such
opportunities increase in value if they are
restricted, so that one or more companies have
a monopoly or oligopoly on providing such ser-
vices. Values increase further where access is
restricted and retail demand exceeds supply, so
that businesses can charge an increasing pre-
mium over the costs of the service provided.
And most valuable of all are opportunities to
provide a tourism service where supply is

restricted, demand is high and growing, and in
addition, the right to provide the service is
tradeable.

Thus, for example, a licence to run com-
mercial tours in a national park provides a com-
mercial opportunity even where licences are
issued to all applicants, free of charge. For raft-
ing trips on the Colorado Grand Canyon, how-
ever, the total number of people on the river is
restricted by regulatory quotas which are effec-
tively set by the physical availability of camp-
sites, and there is a 17-year waiting list to run
private trips. Only a small number of tour oper-
ators have permits to run rafting tours, with
quota grandfathered from pre-permit times.
Since quotas are expressed as person-launch-
days and expire unless used, tour operators can
simply increase prices until demand drops to
match their quota, and increase profits accord-
ingly. These permits are correspondingly valu-
able.

Costs of Protected Areas for
Ecotourism

Costs of conservation for tourism fall into two
main categories. First, designation as a pro-
tected area restricts activities by private prop-
erty developers. However, since it also
provides the attraction that interests the devel-
opers in the first place, the opportunity out-
weighs the restrictions. Secondly, many
protected areas charge fees for commercial
tour operations as well as for individual visi-
tors. These fees are a cost to ecotourism busi-
nesses (Watson and Herath, 1999; Buckley et
al., 2001; Lindberg and Halpenny, 2001; Haas,
2002). Commonly, however, these fees are
very small, far below the value of the assets and
services provided, and a very small component
of total costs for the tour operator. They are also
levied equally on all operators for the areas
concerned, and in most cases also on indepen-
dent visitors, so they do not generate any com-
petitive differentials between operators or any
disincentive to use commercial tour services.
Conceivably they could differentiate between
destinations, where some fees are higher than
others, but currently they are too small to have
a significant effect, relative to travel and tour
costs overall.
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Benefits of Ecotourism for Protected
Areas

There are many potential mechanisms by
which ecotourism could contribute to conser-
vation (Buckley, 1998, 2000). Potentially the
most significant contribution would occur if
large-scale tourism businesses, tourism indus-
try associations and government tourism port-
folios were to lobby governments to reallocate
public land from higher-impact primary indus-
tries to tourism and conservation. For various
political reasons this rarely happens in prac-
tice, even in areas where tourism is many times
more profitable than logging or similar activ-
ities. Except in the USA (USFS, 2002), public
forestry agencies have been very slow to recog-
nize the economic potential of tourism,
although this is now changing slowly. Their
political links are with the timber industry,
including multi-national logging corporations
and equipment manufacturers. Timber towns
are slow to switch to tourism, because of inter-
nal social barriers (Forbes, 1998), and the tour-
ism industry lobbies for access to national
parks rather than public forests or rangelands,
because parks are better known and already
have publicly funded visitor infrastructure
(Buckley, 2000). Tourism is indeed replacing
primary industries in many areas, but mainly
through grassroots initiatives by landowners
and management agencies, not government
tourism policies.

Rather than lobbying government for polit-
ical action, a smaller-scale but much more reli-
able way for tour operators to increase the area
of protected plant and animal habitat is to buy
or lease the land themselves, and establish pri-
vate reserves funded from tourism revenues.
Perhaps the classic examples of this are the pri-
vate game reserves of sub-Saharan Africa
(Buckley, 2003; Carlisle, 2003).

Tourism companies can also contribute in
cash or in kind to conservation organizations or
conservation agencies. Some businesses spe-
cialize in running tours for not-for-profit organ-
izations, where the tour price includes a
contribution to the organization; and some of
these organizations are conservation non-
governmental organizations (NGOs). In some
countries, there are individual tour operators
that pay salaries for park rangers or have pro-

vided their field vehicles or communication
systems (Buckley, 2003). However, such contri-
butions seem to be relatively rare.

Other potential mechanisms by which
tourism can contribute to conservation remain
much less tangible. It is possible, but unproven,
that clients of commercial ecotours may subse-
quently become political advocates for conser-
vation, or may change their own lifestyles to
reduce their own personal ecological foot-
prints. It has also been suggested that ecolodges
may be able to test low-impact technologies to
the point where they are commercially viable
for the retail residential market (Buckley, 1998).
Again, this does not yet seem to have been
demonstrated in practice.

Although there are a small number of pri-
vate companies that do indeed make a signifi-
cant contribution to conservation, these are
currently the exceptions rather than the rule.
Most of the companies that do make contribu-
tions are very small, and the few larger compa-
nies that follow suit generally make very small
proportional contributions, e.g. a few tenths of
1% of total revenue. By far the majority of tour-
ism companies operating in conservation areas
make no corporate contribution at all to con-
servation management. Tour operators pay
mandatory licence fees, but often these do not
cover even the costs of running the parks per-
mits system. They pay mandatory per capita
entrance and camping fees, but these are typi-
cally the same as for individual visitors, and in
some areas are even discounted to lower rates
for commercial tour clients (Buckley et al.,
2001).

None of the above is surprising. Tourism is
an industry, and most tourism operations are
private ventures established to turn a profit, not
NGOs with the public interest at heart. In addi-
tion, it is relatively rare for a single company to
control all phases of a tourism development.
Rather, various different corporations or indi-
viduals are involved at different stages. Some
make a profit from land speculation and rezon-
ing, some from construction, some from oper-
ating a going concern, and some from
manufacturing and selling recreational equip-
ment. None of these has any particular interest
in conserving the natural environment, as long
as there is more land to buy and sell, more
buildings to construct, more hotels to run, and

Links Between Ecotourism and Environment 9

BUCKLEY MAKE-UP  23/6/04  10:31 AM  Page 9



continuing sales of recreational equipment
and clothing.

Similarly, most tourists are not environ-
mental advocates: they are on holiday. Learn-
ing a little about the environment may be an
interesting add-on, but it is not likely to change
their life.

Also, since tourism is a business, tourism
ventures are subject to the same risks as any
other commercial enterprise. There are indeed
examples where dedicated individuals or com-
munity groups have established successful
tourism businesses that do contribute to con-
servation. Often, however, these businesses
may then be undercut by copycat competitors,
bought out by larger concerns or conglomer-
ates, swamped by other industry sectors which
destroy their primary attraction, or bankrupted
by fluctuations in travel patterns, currency
exchange rates or share prices.

One of the principal conclusions from a
recent global audit of over 170 ecotourism
enterprises (Buckley, 2003) was that ecotour-
ism only contributes to conservation if a strong
conservation framework is in place first, includ-
ing both a legal mandate and management
resources. Within such a framework, ecotour-
ism can generate considerable revenue, suffi-
cient to contribute to conservation of natural
resources as well as paying dividends to share-
holders. However, with rather few exceptions,
the tourism industry tends to be reluctant to
make such contributions, for the obvious
reason that these payments reduce profits and
dividends.

A distinction may perhaps be drawn
between operators that have a primary long-
term interest in a particular piece of land, with
tourism as one way to generate a living from it;
and those with primary interests in a tourism
business, where access to land is simply one of
the supplies to produce a marketable retail
product. Communities, private reserves, pro-
tected area management agencies and, indeed,
farmers and forestry agencies are more likely to
have a long-term interest in a particular area of
land, and are therefore more likely to reinvest
tourism profits into conservation. However, for
most of the tourism industry, the primary inter-
est is simply in commercial tourism opportu-
nities, and cheap or free access to land simply
provides a commercial opportunity.

Costs of Ecotourism for Protected
Areas

On the red side of the ledger, there is no doubt
that tourism, even ecotourism, produces a wide
range of negative impacts on the natural envi-
ronment. A large part of the tourism industry
is simply an incremental addition to urban
accommodation and infrastructure, and existing
transport networks. In addition, the production
of goods and services for tourism involves most
other sectors of the human economy, with con-
sequential increases in consumption of energy,
water and other resources, and production and
disposal of wastes. Tourism developers and
operators of all kinds, urban as well as nature-
based, may adopt environmental technologies
and management which reduce impacts to
some extent. However, relatively few adopt
measures beyond those required by develop-
ment approval, pollution control and similar
legislation, except for resource and energy con-
servation measures, where the principal consid-
eration is reducing financial costs rather than
environmental impacts.

As in any other industry sector, there is
considerable variation between enterprises in
the efficiency of energy and resource consump-
tion, and in measures taken to minimize
wastes. It is these ‘brown’ aspects of environ-
mental management which are the principal
targets of mainstream tourism ecocertification
programmes such as Green Globe 21 (2002). If
such programmes do in fact yield significant
improvements in environmental management
performance by large-scale public and private
enterprises, this will indeed represent a contri-
bution to the sustainability of the tourism indus-
try (Honey, 2002). However, this is by no
means certain (Font and Buckley, 2001).
Whether intentionally or inadvertently, any
form of industry self-regulation, such as ecocer-
tification, may delay the establishment of more
effective environmental management meas-
ures, such as new legislation or regulations.
This happened, for example, with the so-called
Responsible Care initiative in the chemical
industry (Gunningham and Grabowsky, 1998).

Industry ecocertification schemes such as
Green Globe 21 are themselves private enter-
prises which must maintain profits to survive.
They are hence under strong commercial pres-
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sure to increase their membership base and to
cut costs. They offer certification to operators
that already have high environmental per-
formance, e.g. those certified under other
schemes. They may adopt multiple levels of cer-
tification, not necessarily distinguishable by the
retail public, so as to lower entry-level stan-
dards and expand membership. And they may
devote more of their budget to marketing than
to audit. This contrasts with the introduction of
new environmental legislation and regulations,
which has little effect on industry leaders but
which forces laggards to improve environmen-
tal management practices to a new baseline
level. This is critical, since any attempt to reduce
the aggregate environmental impacts of an
entire industry sector depends far more on rais-
ing performance of laggards rather than leaders.

Although tourism and travel may make up
around 10% of the global economy, it is not
clear what proportion it contributes to global
environmental impacts. On one hand, the eco-
nomic scale of tourism is measured at a retail
level, exaggerating its size relative to primary
industries, which are quantified at a commod-
ities level. On the other hand, tourism uses
products from all other industry sectors, and
hence contributes pro rata to their environmen-
tal impacts. Either way, tourism is certainly a
large enough sector that it is worthwhile trying
to reduce its contributions to air and water pol-
lution and to resource consumption.

More critically, however, as noted earlier,
the tourism industry can have direct and diffe-
rential impacts in areas particularly significant
for conservation of biological diversity; and
these ‘green’ aspects of environmental man-
agement, largely ignored by ecocertification
schemes, are at least as important as the
‘brown’ aspects. In established protected areas,
ecotourism itself may well be the principal
source of impacts, if management agencies
have sufficient resources to prevent damage to
biodiversity from weeds and pests, livestock
encroachment or mining, and illegal activities
such as fish and wildlife poaching and plant
and timber harvesting.

Tourism can produce negative impacts on
the natural environment through a wide variety
of mechanisms at a wide variety of scales
(Liddle, 1997; Manning, 1999; Buckley, 2001;
Newsome, et al., 2001; Eagles and McCool,

2002). These range from a single minimal-
impact backcountry hiker, to large-scale infra-
structure within protected areas, and intensive
tourist accommodation and residential devel-
opment immediately around its borders. The
growth of adventure tourism and associated
activities, including multi-sport races and simi-
lar competitive events, is significant, since for
commercial adventure clients and competitors,
the activity is more important than the environ-
ment, and minimal-impact practices are com-
monly ignored. Adventure tour operators and
multi-sport event organizers do have an interest
in minimizing impacts, so as to use the same
site repeatedly, in the same way as local resi-
dents and outdoor recreation clubs. Whereas
residents and club members continue to fre-
quent the same area, commercial clients and
event competitors generally do not.

Amenity migration is significant because it
increases infrastructure, subdivision and resi-
dential development on the immediate borders
of protected areas. This does not necessarily
lead to complete vegetation clearance, as com-
monly happens for agricultural land uses, but
it does commonly increase: the number of
fences, which act as a barrier to wildlife move-
ments; the number of dogs and cats, which prey
on native birds and wildlife and may escape
into protected areas and establish feral popula-
tions; cars and noise, which kill and disturb
native birds and animals; and the introduction
of garden plants and weeds, which may also
disperse into protected areas. Many of the
world’s worst weeds were first introduced as
garden plants, and many of the world’s worst
animal pests were first introduced as household
pets.

In wilderness areas and other relatively
pristine protected ecosystems, any human use
produces some impacts, even if the greatest
skills and care are used to minimize them. The
impacts and management of outdoor recrea-
tion, small-scale commercial nature tourism,
and public visitor infrastructure in national
parks and similar areas have been reviewed on
a number of occasions under the rubric of rec-
reation ecology (Liddle, 1997; Manning, 1999;
Buckley, 2001; Newsome et al., 2001). The
type and degree of impacts depend on a range
of factors, including: number of people, group
size, activity, equipment, minimal-impact skills
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and practices, ecosystems, season and man-
agement regime. For the same activity and
equipment, minimal-impact practices, and
management regime, more people means more
impact. However, any of these factors can
change per capita impacts by orders of magni-
tude, and can therefore outweigh the effects of
numbers alone.

The ecological significance of different
impacts differs considerably between different
ecosystems. Impacts that are localized, obvious
and easy to measure have been studied in much
more detail than those that are diffuse, hidden
and hard to measure. For most types of impacts,
research data are very sparse. Even for the most
heavily studied types of impacts, such as tram-
pling of vegetation by hikers, there is nowhere
near enough information to construct general
predictive models that apply across a broad
range of ecosystems (Buckley, 2001). There
seems to be very little appreciation within the
tourism industry, or even within protected area
management agencies, of the complexity of
ecological impacts, or the time and resources
required to carry out scientifically valid ecolog-
ical research (Buckley, 2002b).

To summarize all the different impacts of
tourism on the natural environment is beyond
the scope of this chapter, but a few general pat-
terns are worth noting. Different activities
cause widely different impacts. Impacts can
include noise, air pollution, water pollution,
groundwater depletion, modification to sur-
face water flows, soil erosion or compaction,
changed fire regimes, damage and disturbance
to plants and vegetation, death and disruption
of animal species and communities, introduc-
tion and dispersal of weeds and pests, introduc-
tion of plant and animal diseases and
pathogens, disruption of plant and animal
reproduction, interference with interspecies
interactions, and a wide range of more subtle
and complex higher-order effects.

Individual per capita impacts can vary
by several orders of magnitude, depending on
activities and equipment, place and timing, and
minimal-impact skills and practices.The ecolog-
ical significance of different types of impact, and
hence of the activities that cause them and the
minimal-impact practices and management
regimes which may reduce them, differ greatly
from one ecosystem to another.The most heavily

studied impacts tend to be those that are obvious,
localized and easy to measure. Many impacts of
this type are also self-limiting, in the sense that
they do not spread beyond the initial impact site
unless the human disturbance continues. Some
are also reversible, by appropriate management
actions. In consequence, they are typically less
significant for ecological integrity than impacts
that are hidden and diffuse, hard to measure and
manage, irreversible, and self-propagating, in
the sense that once initiated, the impact contin-
ues to spread or intensify even if the original dis-
turbance ceases. However, these distinctions are
not always straightforward, since: (i) some
impacts may be self-limiting in one ecosystem
but self-propagating in another; (ii) some impacts
may be self-limiting at low intensity, but become
self-propagating if the initial impact exceeds a
particular threshold of disturbance; and (iii)
impacts which are minor and self-limiting in
themselves may produce far-reaching secondary
effects in some circumstances.

As an example, trampling of soils and
vegetation by hikers can quickly cause quite
significant damage to arctic–alpine ecosys-
tems, whereas in the dense understorey of a
tropical or subtropical rainforest, stinging
plants and hooked vines may do more damage
to the hiker than vice versa. However, even a
barely detectable backcountry trail in dense
forest may have secondary impacts if it is used
by native or feral predators to hunt smaller
native wildlife. Depending on the vegetation
type, low-intensity trampling may do no lasting
damage, since the vegetation can recover once
the impact is removed. Beyond a certain thresh-
old, which varies with the plant species con-
cerned, however, trampling causes the plants to
die, though often not immediately, and this may
then lead to soil erosion, even if there was none
initially. This may occur on steep hill slopes
with friable soils, for example, or in permafrost
areas which melt out and subside where insu-
lating vegetation has been destroyed.

Conclusions

Comparing these various credits and debits, it
is clear that conservation interests, agencies
and land tenures make a very large net positive
contribution to the tourism industry, by provid-

12 R. Buckley
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ing tourist attractions, protecting them from
deterioration, and subsidizing access and facil-
ities. This applies in developed and developing
countries alike, although facilities may be
fewer in the latter.

The net positive or negative contribution of
tourism to conservation is less straightforward.
Mainstream transport, accommodation and
urban attractions have a range of negative
impacts with no immediate positive offset. For
the nature tourism subsector specifically, there
are many mechanisms for potential positive
contributions to conservation, either by lobby-
ing for new national parks, setting up private
reserves, helping to protect existing parks or
changing land use in public land outside parks.
However, to date, the practical quantitative
contribution has been small (Buckley, 2003).
There are many ways in which tourism has
detracted from conservation by producing
environmental impacts within public protected
areas, and by building, contributing to or lob-
bying for large-scale infrastructure and/or resi-
dential development in and around protected
areas. To date the monitoring and management
of these has been limited. Additionally, most
nature tourism products also rely on urban
accommodation and transport internationally
and in gateway towns.

Overall, in developing countries where
conservation frameworks are often less effective,
the net effect of tourism on conservation is prob-
ably positive: not because tourism itself is nec-
essarily lower-impact, but because impacts from
other sectors pose a greater risk. In developed
nations with more effective protected area sys-
tems and management agencies, the net effect of
tourism on conservation is probably negative,
particularly if amenity migration is included.

As human populations and land-use pres-
sures continue to grow worldwide, protected
area management agencies face growing polit-
ical challenges in maintaining public support
for protected areas, so as to get the financial
resources and public cooperation necessary for
visitor and conservation management. In addi-
tion to traditional tasks such as controlling
weeds, fires and feral animals, therefore, they
now need to build and maintain political con-
stituencies which will either lobby for public
funding, or support the imposition of user
charges, or both.

While some people appreciate the signifi-
cance of protected areas for global sustainabil-
ity and are glad to lend support for this reason
alone, others are more likely to provide such
support if they can make some immediate per-
sonal use of the areas concerned. And whereas
minimal-impact backcountry bushwalking or
birdwatching are preferred activities for more
traditional users of the protected area estate,
there are also social groups who want to use
national parks simply for an out-of-town picnic,
or for adventure activities such as rock climb-
ing, mountain biking or whitewater kayaking.

In addition, some parks and other public
lands have a history of use for horse-riding or
motorized activities such as snowmobiling.
Such uses can cause major environmental
impacts, such as trampling by horses’ hooves,
introduction of pathogens in horse manure,
and noise and air pollution from snowmobiles.
They may also generate strong conflicts with
other park users. However, despite these fac-
tors, there are strong political lobbies which
make it difficult for protected area management
agencies to control such uses. In some cases at
least, it appears that such lobby groups are so-
called ‘astroturf’, i.e. political lobby organiza-
tions that masquerade as grassroots groups, but
are, in fact, established and funded by large-
scale commercial interests, such as equipment
manufacturers. Large-scale global trends, such
as the increasing commercialization of the
adventure recreation sector, therefore, and its
increasing links with the clothing and enter-
tainment industries, affect protected areas
through political constituencies as well as on-
ground impacts.

In both developed and developing
nations, therefore, the overall balance of cred-
its and debits between tourism and conserva-
tion is increasingly dependent on politics on
local, national and international scales.

It was not coincidental, therefore, that tour-
ism and conservation interests worldwide
intensified their political efforts during the
International Year of Ecotourism. Global social
and environmental megatrends take time to turn
around, whereas in politics it is said that ‘a day
is a long time’. However, short-term political
manoeuvring, often in secret, affects the long-
term future credits and debits between tourism
and conservation.

Links Between Ecotourism and Environment 13
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Introduction

This chapter discusses energy use and carbon
dioxide emissions associated with ecotourism.
To date most research has focused on the visible
and direct effects of ecotourism activities; how-
ever, the analysis presented here suggests that far
greater attention needs to be paid to the invisible
effects, especially those arising from the travel
inputs throughout the ‘ecotourism system’. Data
presented are drawn from recent research in
New Zealand which, while not assembled for
this specific analysis, have been extended to dis-
cuss ecotourism in New Zealand.

Much of this volume focuses on defining
and measuring the outcomes from ecotourism
at the site level. Increasingly ecotourism has
been described to represent, or at least encour-
age, sustainable forms of tourism in natural
areas. Sustainable tourism is focused on ‘using
resources sustainably’ and ‘reducing over-
consumption and waste’ (Tourism Concern,
1991). Accordingly, ecotourism has also been
defined as

. . . environmentally responsible travel and
visitation to relatively undisturbed natural
areas, in order to enjoy and appreciate nature
(and any accompanying cultural features –
both past and present) that promotes
conservation, has low visitor impact, and
provides for beneficially active socio-
economic involvement of local populations

(Ceballos-Lascurain, 1996, p. 20).

However, travel or mobility are mostly asso-
ciated with considerable resource use in the
form of fossil fuels, and it therefore directly
challenges the principles set out above for sus-
tainable tourism.

For ecotourism, a travel component can
occur at three distinct scales: first, transport
directly associated with the ecotourism experi-
ence, for example a boat trip around an eco-
tourism site; secondly, travel between various
ecotourism sites or operations; and thirdly,
transport from the home location to the desti-
nation, where the ecotourism experiences take
place. Ecotourism often occurs in remote areas
(Boyd and Butler, 1996) and in developing
countries or island states (Gössling, 1999),
which means that this third travel component
often requires international long-distance air
travel. It is argued in this chapter that at each of
these travel components ecotourism is asso-
ciated with substantial energy use and green-
house gas emissions, and that future concepts
and developments need to take into considera-
tion measures to mitigate these effects. We
argue that ecotourism will fail to be on the
‘deep green’ or sustainable side of the nature
tourism spectrum, if these criteria of environ-
mental sustainability are not met in the future.

Interestingly, most ecotourism research
and product development focuses on local, on-
site environmental impacts resulting from eco-
tourism activities (Cole, 1995; Buckley, 2000a,
2001), with the wider global consequences

15© CAB International 2004. Environmental Impacts of Ecotourism (ed. R. Buckley)
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rarely being analysed. Transport, as a main con-
tributing factor to resource use associated with
ecotourism activities, has, at most, been dealt
with as a source of local air pollution, conges-
tion or habitat destruction for infrastructure
construction. Research on environmental
impacts mostly deals with the broader concepts
of nature tourism or sustainable tourism, rather
than with the very specific niche product of
ecotourism, which has been difficult to distin-
guish sufficiently from these other forms of
tourism (Buckley, 2000b).

In the same way as there is disagreement as
to what exactly ecotourism comprises, it is prob-
lematic to identify and capture ‘ecotourists’, and
to separate them from other visitors to natural
areas. Following criteria for ecotourists in Kenya
by Ballantine and Eagles (1994), for example,
the large majority of holiday visitors to a ‘green’
destination such as New Zealand would qualify
as ecotourists. Taking the stricter definition of
Butler (1992) (given in Higham and Lück, 2002),
however, only few tourists would meet the crite-
ria. While most tourists to New Zealand con-
sider ‘learning about nature’ and visiting natural
areas as important (criteria from Ballantine and
Eagles), they probably rarely ‘benefit the natural
resource’, and the experience is mostly not
‘intrinsic’, ‘biocentric’ and not ‘thrill-seeking’
(selected criteria from Butler). For this reason,
we would define tourists to New Zealand more
broadly as nature tourists and do not specify to
what degree they would qualify as ecotourists in
the purist sense.This reflects the perspective that
during their visit most tourists engage in some
sort of ‘ecotourist’ activity (for example visiting
a National Park), or by undertaking a tour that
possibly could qualify as an ‘ecotour’ (for exam-
ple wildlife scenic boat cruises or cultural per-
formances).

This chapter discusses energy use and
carbon dioxide emissions associated with eco-
tourism in New Zealand, and is structured
according to the three dimensions of travel
identified above. The local level (on-site activ-
ity) is considered first, and is followed by a dis-
cussion of national travel patterns (between-site
travel, or itineraries), and international travel by
tourists. Throughout, New Zealand is used as a
case study, as our analysis has been able to
draw on unique datasets and recently com-
pleted analyses.

On-site Travel

Clearly, ecotourism forms an important part of
the tourism industry in New Zealand, building
on a long tradition of tourism in natural areas
(Dowling, 2001). To the present, there are no
ecotourism accreditation programmes in New
Zealand, although following the International
Year of Ecotourism in 2002 the Nature and
Ecotourism Accreditation Programme (NEAP-
GG21) is being introduced in New Zealand. In
an effort to develop a national database of eco-
tourism operators in New Zealand, Higham et
al. (2001) identified 400 businesses that offer
some sort of nature-based tourism product. Of
these operators, 247 (62%) promoted them-
selves as ecotourism providers. The differentia-
tion between ecotourism and nature or
adventure tourism seems to be experience-
based rather than impact-based, which means
that more emphasis is put on the educational
part of the product than on its environmental
outcomes. One key issue in this context is on-
site transport, which is often a fundamental
component of most nature tourism operations.

Previous research on the New Zealand
tourist attraction and activity sector (Becken and
Simmons, 2002) revealed that many tourist
activities require some form of motorized trans-
port. As part of a broader study on energy use in
tourism, data were collected on energy use from
a cross-section of activity providers (N�107)
broken down by different energy sources; for
example, diesel for transport and electricity for
building functions. It became evident that
nature-based ‘tourist activities’ are considerably
more energy intensive on a per visitor basis than
the more urban-based ‘tourist attractions’ (for
example, visiting museums or botanical gar-
dens). ‘Ecotours’, in particular, were found to be
built around taking visitors to natural assets by
various types of motorized vehicles; for exam-
ple, four-wheel drive vehicles or boats. In fact,
the further activities explore remote areas, the
larger the energy use due to the increasing
transport requirements (Table 2.1). The highest
per capita energy use is associated with scenic
flights (344MJ) and jet-boat excursions (200
MJ). Our data also indicate that combination
activities such as watching wildlife (400MJ) are
very energy intensive, because in New Zealand
most wildlife operations focus on marine mam-

16 D.G. Simmons and S. Becken
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mals that are viewed from a boat. In contrast,
more general tourist activities, such as playing
golf (12MJ) or visiting a visitor centre (3.5MJ),
are low-energy tourist activities.

Between-site Travel

Most tourists to New Zealand are likely to have
some interest in nature, and, in fact, it proves
difficult to select a sample of ‘ecotourists’ out of
the existing database on international tourists
(annual International Visitor Survey). For exam-
ple, 25% of all international tourists visit geo-
thermal areas, 17% undertake a boat cruise and
12% engage in trekking (Tourism New
Zealand, 2002). Moreover, New Zealand is
generally characterized as a touring destina-
tion, with attractions being widely dispersed,
which induces multi-destination itineraries
(Oppermann, 1994; Becken et al., 2003).

For this reason it is difficult to compare
holiday itineraries of ‘ecotourists’ with ‘non-
ecotourists’. For the purposes of this analysis, it
was therefore decided to discuss transport
energy use associated with a hypothetical self-
drive itinerary that is promoted on the web-
site homepage of Tourism New Zealand, the
national marketing agency. These general self-
drive itineraries are tailored for different lengths

of stay, and also include reference to a variety
of local tourist attractions and activities en
route, among them numerous ecotourism
attractions. The analysis brings with it the
assumption that a potential nature tourist (as
are most tourists to New Zealand) searching the
Internet selects one of the suggested multi-day
itineraries, or builds a similar one based on
their specific interests, from one of the many
other promotional sources that support Tourism
New Zealand’s marketing efforts. Based on an
average length of stay of 20 days (Statistics New
Zealand, 2000), the 22-day itinerary (being the
nearest surrogate) was chosen (Table 2.2). This
suggested route combines the North Island
with the South Island through a flight from
Auckland to Christchurch. Energy use is calcu-
lated assuming the use of a rental car (average
occupancy 2.5 passengers; Becken, 2002a),
which has an energy intensity of 0.94MJ per
passenger-kilometre (62.7g CO2 per passenger-
kilometre). The energy intensity of domestic air
travel is 2.75MJ per passenger-kilometre (EECA,
1999), resulting in CO2 emissions of 188.9g
per passenger-kilometre.

The suggested itinerary covers 3773km
and results in a total transport energy use of
6388MJ and concomitant release of 430kg of
CO2. The inland flight alone makes up one-
third of this energy use. This compares with an

Impacts of Travel to Ecotourism Destinations 17

Table 2.1. Energy use per visitor for different tourist activities (source: Becken and Simmons, 2002).

Mean energy use
Activity N per visitor (MJ) Standard deviation

Walking 4 3.2 3.2
Shopping 3 3.4 2.5
National Park visitor centre 11 3.5 4.4
Historic site 5 4.0 1.8
Botanical garden 3 6.2 1.3
Farm show 3 6.9 3.2
Museum and art gallery 9 9.7 11.4
Golf 3 12.0 9.7
Theatre or concert 3 21.5 15.5
Experience centre 6 29.2 14.4
Rafting 4 36.4 17.0
Adventure 4 56.9 46.7
Horse-riding 4 117.9 127.0
Scenic boat cruise 5 164.7 110.4
Wildlife in natural setting 3 234.3 164.8
Jet-boating 4 255.3 147.4
Scenic flight 3 344.4 91.7
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average transport energy use of 2830MJ across
all international tourists in New Zealand in
2000 (Becken, 2002b). Calculated on a daily
basis, the suggested tour consumes 290MJ/day
for transport alone. In addition, a tourist would
require energy for accommodation, which in
New Zealand ranges between 25MJ per night
on a campground to 155MJ for an average
night in a hotel (Becken et al., 2001). (For New
Zealand’s international tourism, transport
within the destination has been estimated to
consume 69% of all energy deployed across
the sector; Becken, 2002b.) The participation in
eco-activities requires additional energy input,
as indicated in Table 2.1.

As mentioned previously, it is very difficult
to draw a line between ecotourists, nature tour-
ists and other tourists to New Zealand.
However, it becomes clear that visiting ecotour-

ism sites and operations in New Zealand is most
likely associated with a multi-destination or
touring holiday. This style of travel induces con-
siderable energy use, in which energy deployed
for transport dominates other energy required
for accommodation and recreational activities.

It is also instructive to make comparisons
among different travel styles. At the other end of
the spectrum from an ecotourism holiday in New
Zealand (as described above) would be an all-
inclusive holiday in a resort, such as those found
in tropical destinations such as the Caribbean.
This type of mass-tourism has often been stigma-
tized by being potentially environmentally harm-
ful (due to high levels of energy use to meet
guests’ expectations of ‘luxury’), socially incom-
patible and culturally dangerous. On the basis of
energy use, however, it appears that tourists who
stay comparatively immobile in one single resort

18 D.G. Simmons and S. Becken

Table 2.2. Tourism New Zealand’s suggested self-drive itinerary (TNZ, 2003) and associated energy use
and carbon dioxide emissions.

Distance Transport Energy CO2
Day From – to Eco-activity (km) mode use (MJ) (kg)

1 Auckland – Whitianga Karaka bird hide 214 Rental car 201 13
2 Whitianga – Tauranga Boat cruise, kayak trips, 167 Rental car 157 10

fishing
3 Tauranga – Rotorua Dolphin encounters, 86 Rental car 81 5

geothermal attractions
4 Rotorua – Gisborne Horse trekking 286 Rental car 269 18
5 Gisborne – Napier Wine and food trails 216 Rental car 203 14
6 Napier, day trip to Taupo Cape Kidnapper gannet 286 Rental car 269 18

colony
7 Napier – Wellington Kapiti Island 335 Rental car 315 21
8 Wellington Guided walking tours Rental car 0 0
9 Wellington – New Plymouth Whanganui National Park 355 Rental car 334 22

10 New Plymouth – Waitomo Mt Taranaki 173 Rental car 163 11
11 Waitomo – Auckland Glow worm caves 200 Rental car 188 13
12 Auckland – Christchurch 744 Domestic air 2046 141
13 Christchurch – Dunedin Royal Albatross Colony, 362 Rental car 340 23

Penguin Place
14 Dunedin – Te Anau Trout fishing, caves 290 Rental car 273 18
15 Day trip to Milford or Boat cruise, ecology tours 121 Rental car 114 8

Doubtful Sound
16 Te Anau – Queenstown Maori culture 170 Rental car 160 11
17 Queenstown – Wanaka Flightseeing 117 Rental car 110 7
18 Wanaka – Franz Joseph Haast information centre 287 Rental car 270 18
19 Franz Joseph – Greymouth Okarito Lagoon, white 177 Rental car 166 11

heron colony
20 Greymouth – Nelson Pancake rocks 327 Rental car 307 21
21 Nelson – Blenheim Sea kayaking 138 Rental car 130 9
22 Blenheim – Christchurch Kaikoura whale watching 312 Rental car 293 20
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consume less energy compared with so-called
ecotourists. The UK Centre for Economic and
Environmental Development (UK CEED, 1998)
analysed the impacts of all-inclusive resorts in
Santa Lucia, and found that one guest-night is
equivalent to about 109MJ (own calculations
derived from figures provided by UK CEED). In
addition to this base energy consumption, tour-
ists are picked up from the airport and undertake
occasional excursions. However, most activities
are on-site and therefore do not require transpor-
tation. Notwithstanding the climatic differences,
the hypothetical ecotourism holiday in New
Zealand discussed above is therefore about three
times as energy intensive on a per-day basis as the
Santa Lucia example.Within New Zealand a sep-
arate analysis of international tourism has indi-
cated that energy intensities vary considerably
across six identified tourist types: coach (536
MJ/day), soft comfort (431MJ/day), auto (321
MJ/day), camper (310MJ/day), backpacker (250
MJ/day), tramper (hiker) (212MJ/day), and visit-
ing friends and relatives (205MJ/day) (Becken et
al., 2003).

It appears therefore that curbing energy
use associated with ecotourism holidays funda-
mentally requires reducing travel distances.
Hence, a more regional approach, where tour-
ists stay longer in one region, needs to be con-
sidered. Tourism New Zealand has reported a
trend that ‘fewer tourists want to race along the
traditional “golden route”. The new rule in
travel is to “go slow and savour” – meaning vis-
itors want to do fewer regions, but in greater
depth’ (Anon., 2002). In the promotion of
regional travel lies a great challenge for
regional and national marketing agencies, but
also a great potential to achieve synergetic
effects of reducing transport energy use and
supporting regional development. Such meas-
ures will not be easy policy options, however,
as much ecotourism development is promoted
under the aegis of regional economic develop-
ment, and in so doing differing regions are set
to compete against each other.

Travel to the Destination

Ecotourism destinations and sites are often
located in developing countries, while ecotour-
ists tend to originate from Western countries,

typically Europe or North America (Gössling,
2000). For this reason air travel is the most
common transport mode used for ecotourism
holidays. Aviation has been identified as an
important contributor to climate change, with
passenger air travel comprising about 3.5% of
worldwide greenhouse gas emissions (IPCC,
1999). In spite of external ‘shocks’, such as the
sudden acute respiratory syndrome (SARS) out-
break, and increasing terrorist activity, The
World Tourism Organization continues to pre-
dict an increasing long-term trend of long-
distance travel to exotic destinations combined
with an increasing interest in nature activities.
Nature tourists often originate from the wealthy
countries in Europe, North America and
Oceania and travel to destinations such as South
America, Asia and Africa. As a result of this geo-
graphical distribution, considerable migrations
are involved to transport nature tourists to their
destination. This global situation is particularly
evident in the case of New Zealand, an isolated
destination in the South Pacific where the aver-
age one-way flying distance of international vis-
itors was found to be 12,000km (Becken,
2002c). Clearly, from a global perspective the
enormous energy consumption associated with
this travel makes any energy reduction achieve-
ments at the destination look minor. The emis-
sion of 430kg of CO2 for the self-drive itinerary
presented above is about the same as the one-
way flight forAustralian visitors to New Zealand.
Visitors from Britain emit about six times the
emissions of their destination-based travel on
their one-way flight to New Zealand (Table 2.3).

When looking at the importance of differ-
ent nationalities at representative ecotourism
operations in New Zealand (Higham et al.,
2001), it is evident that most ‘ecotourists’ travel
a long way to New Zealand, mostly from
Europe. This fact alone may lead to the conclu-
sion that tourism in natural areas in New
Zealand can be classified at most as nature
tourism, but not ecotourism, unless measures
are taken to mitigate the impact of the long-
distance flight.

Discussion

A generally accepted model of resource use
would suggest that one either reduces inputs at
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source, reviews and changes technologies
(resource transformation systems) or, failing
that, mitigates the outcomes, for example
through carbon offsetting schemes. Each of
these has application to the ecotourism system
and resource use we have described above.

In the first instance, ecotourism has been
promoted as an environmentally positive form
of tourism – indeed many contemporary defini-
tions list a ‘positive contribution to nature’ as
one, if not the, core requirement.To the present,
local and directly visible effects have been
treated with much greater interest and attention
in the ecotourism literature. However, as our
above data demonstrate, it may be that eco-
tourism’s more insidious effects lie in those that
remain invisible. Increasing evidence of the
invisible effects of ecotourism activities may
lead those who call themselves ecotourists
to consider changing their behaviour.
Modifications to tourist behaviour could
include both less frequent and less extensive
(between and within destinations) travel.
Increased length of stay either regionally, or at
key sites, is certainly another possibility that
could reduce travel costs. The fact that in this
year (2003) the World Tourism Organization is
hosting a conference on tourism and global cli-
mate change suggests that greater attention is
being focused on the energy costs of tourism

overall. Among all forms of tourism, it might be
reasonable to assume that ecotourists might be
the most susceptible to change messages.

An increasing number of initiatives seek to
encourage better practice through providing
general tips on how to reduce energy use and
emissions, and through describing case studies
of good practice (Commonwealth Department
of Tourism, 1995; Green Globe Asia Pacific,
2000). Key options include: (i) reducing the
need to travel, for example by linking several
single trips to one multipurpose trip (trip-
chaining); (ii) increasing transport efficiency, for
example through occupancy levels, fuel effi-
ciency, cleaner fuels, driving behaviour, and
vehicle size; and (iii) offsetting carbon dioxide
emissions by investing into renewable energies
or tree-planting schemes (carbon sinks). Table
2.4 provides a list of suggestions to reduce tour-
ist transportation.

In terms of technology, considerable
progress has been made in air technology in the
past two decades (IPCC, 1999), but these gains
appear to have been overrun by the pervasive
growth of tourism demand. None the less,
options do exist for ongoing marginal gains and
more fuel-efficient engines (for both air and
land applications) and in traffic management.
Notwithstanding these gains, the sheer dis-
tances covered by air transport and the over-
whelming contribution of origin-destination or
intra-destination linkages makes air transport
the single significant driver of tourism energy
emissions.

To embrace fully the concept of ecotour-
ism as sustainable tourism, a tourist can choose
between a number of operators at, and
between, destinations, including those who
market themselves as ecotourism businesses.
For major airlines, however, there are none
operating as ecotourism businesses per se
although there is an emerging trend for some to
benchmark their environmental performance,
with views to increasing resource efficiency
and possible carbon sequestration.

Carbon sequestration is a medium-term
process whereby carbon dioxide emissions from
the combustion of hydrocarbon fuels is (re)-
bound into carbon storage, via the growth of
plant materials, most often in the form of mature
forest systems. Carbon sequestration offers some
promise, but only for those destinations that can
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Table 2.3. Nationalities of visitors to New Zealand
ecotourism operations alongside calculated
carbon dioxide emissions from their international
travel to New Zealand (one-way flight).

CO2 emissions
Nationality Per centa (tonnes)b

New Zealander 28.3 NA
British 26.1 2.4
American 15.1 1.4
German 5.0 2.5
Australian 4.7 0.4
Canadian 4.0 1.8
Dutch 2.8 2.3
Swiss 1.9 2.3
Danish 1.3 c2.5c

Belgian 1.0 c2.3c

NA, not applicable.
a Source: Higham et al. (2001).
b Source: Becken (2002c).
c Danish equated with German and Belgian with Dutch.
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offer real opportunities due to their geographical
possibilities. In New Zealand, carbon sequestra-
tion from tourism (among other sectors) can
address general biodiversity goals as previously
modified landscapes are re-established in native
flora. Kaikoura, a Green Globe 21 benchmarked
community, which is often seen as an ecotour-
ism destination because of its focus on marine
mammal watching, has calculated the need to
plant 2 million trees to sequester the carbon from
its tourism sector (McNicol et al., 2002). To
some, at least, this represents the opportunity for
new tourist experiences as they ‘bury’ their
carbon and receive appropriate recognition [e.g.
a global positioning system (GPS) reference,
and/or a digital image] for their action.
Preliminary estimates for New Zealand as a
whole also indicate that all carbon from internal
travel could be sequestered. In a bold move, the
New ZealandTourism Strategy Group (2001) has
signalled an intention for the sector to be ‘carbon
neutral’ by the implementation date (2010).
Elsewhere there are already a number of initia-
tives at the level of the individual firm, including
the Green Globe 21 programme, which has
energy management as the first of its ten criteria
towards sustainable tourism businesses.

Thus, in the realm of energy and emissions
management, ecotourism may again become a
lead segment for more sustainable tourism
practices. Within the above discussion of a
tourism ‘production function’ for ecotourism, it
remains yet to be seen what role, if any, will be

played by various government interventions –
be they incentives or regulations. Shadow pric-
ing of external costs, via carbon taxes, are a
possible mechanism under the Kyoto Protocol,
coming into force in New Zealand in 2007. If
at a later stage international travel was to be
included in the Kyoto Protocol, this could have
significant effects on the long-haul ecotourism
market, as could refocusing market efforts as
governments are challenged to meet their Kyoto
obligations. One implication of the above that
has yet to be exposed to international debate is
the potential consequence of reduced travel to
the Third World. Earlier in this discussion we
had indicated that, on a global scale, many des-
tinations offering ecotourism opportunities are
to be found in Third World destinations.
Modifications to the demand for long-haul
travel may arise from a number of means,
including price, as well as moral or ethical
pressures. If this were to happen, then this
could set in train a wider set of problems, as
many Third World destination areas have a
much higher dependency on (eco)tourism as an
earner of foreign exchange than most, if not all,
of their major source markets.

The data and analyses reported here repre-
sent a preliminary analysis of ecotourism
viewed through the lens of energy use and
emissions. Much of these data were assembled
for other broader analyses, and the itinerary
analysis, while being based on publicly avail-
able recommendations, remains hypothetical.

Impacts of Travel to Ecotourism Destinations 21

Table 2.4. On the way to better practice (after Commonwealth Department of Tourism, 1995).

Action How

Encourage longer stays in one area Through attractive packages (discounts), attraction chaining

Encourage tourists to use energy- Public transport (provide timetables), collective transport (e.g. 
efficient transport modes shuttle bus), attractive tour packages with interpretation, meals

enroute and stops at interesting places, promote fuel-efficient
cars, diesel cars

Transport behaviour by staff members Carpooling of staff, minibuses, encourage public transport or
cycling, combine guest transport and delivery of supplies, use
telecommunication

Reduce vehicle use Encourage walking and biking, plan trips to reduce travel
distance

Driving behaviour and vehicle Tyre pressure, regular service and tuning, speed of 90km/h 
performance instead 110, driver training courses, switch off idling engines,

use air-conditioning wisely
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Notwithstanding these caveats, the early indi-
cations are that ecotourism in its present con-
figuration (certainly in New Zealand at least) is
a highly energy-dependent form of travel.

Aside from re-examining the data and
analyses presented here, the immediate impli-
cation is for ecotourism operators’ associations
and national policy makers to examine the
wider tourism systems in which they operate.
Without such considerations, ecotourism may
merely present a scattering of relatively well-
managed sites within an expansive and expen-
sive tourism system that leads both tourism and
development away from their overarching goals
of sustainability.
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Introduction

Tourism and recreation, like most entertainment
businesses, are dependent on an ever-expand-
ing market for an ever-changing product that
appears novel and exciting. In the face of a flat,
and even declining, ski industry since the mid-
1980s, the successful Rocky Mountain resort
(e.g. Vail, Colorado; Sun Valley, Idaho; Jackson,
Wyoming) is, in large part, subsidized by a
thriving market for second homes and recrea-
tional ranch properties. The buyers are an
increasingly affluent, ageing population. In the
many tourism towns that dot the West, con-
struction and home sales are two of the most
vigorous business activities in local economies.

While tourists and their related activities
may bring negative impacts to a community or
region (Rotham, 1998) the consequences may
well be short term or manageable by govern-
ments or markets. For example, minimizing the
degradation of environmental resources as a
result of too much visitation can be mitigated
by temporary closures, a permit system that
limits visitation, alternative means of experi-
encing the attraction, or discriminatory pricing.

The same may not be true for real estate
development and the infrastructure that comes
with tourism-stimulated migration (Clifford,
2002). This chapter provides a discussion of
two categories of impacts resulting from rural
residential development in resort towns and

tourist destinations in the Greater Yellowstone
Region (USA). The first category includes those
that affect the physical, administrative and
public service infrastructure. The second in-
cludes those that accrue to the social, eco-
nomic and quality of life elements of a
community. Both categories bring with them
positive and negative attributes of change. On
one hand, rural residential development pres-
sure may present challenges to local jurisdic-
tions in terms of public service provision. On
the other hand, development may enhance the
local economy or quality of life in small towns
that are partially or wholly dependent on tour-
ism activity.

Background: the Greater Yellowstone
Region and Tourism

The lands that comprise the Greater Yellow-
stone Region (Fig. 3.1) are home to key preda-
tor species (grizzly bear and grey wolf), prey
species (elk, deer, moose), and a host of birds
and smaller mammals (Hansen et al., 2002).
Several species in the region are listed under
the Endangered Species Act or are ‘species of
special concern’. The landscape is a mosaic of
wild and domestic vegetation, including conif-
erous forests, arid shrub and grasslands, culti-
vated crops that include wheat, maize,
potatoes, lucerne and hay, as well as domestic

25© CAB International 2004. Environmental Impacts of Ecotourism (ed. R. Buckley)
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animal production. Several major river systems
originate in the region; many are highly devel-
oped for agriculture and the private lowland
river valleys (<1800m above sea level) are
much sought-after rural homesites. The scenery
can be spectacular. Several major mountain
ranges in the area exceed 3000m above sea
level. Most of these spectacular vistas are found
on public land (80% of the land base) and the
remaining 20% of the land is privately owned.
Public land managers are increasingly con-
sumed with the tradeoff between commodity
production (minerals, timber, grazing and rec-
reation) and its impacts (i.e. off-road vehicles,
snowmobiles, wilderness boundary enforce-
ment). Long-time private landowners are chal-

lenged by rapidly escalating land prices and the
difficulty of continuing to make a living from
the land.

The region is home to over 370,000 resi-
dents, many recently arrived in the past decade.
Several counties are among the fastest growing
in the nation. During the past decade the
growth rate was nearly 19%, compared to 13%
nationally (US Bureau of the Census, 2000). In
the region there are a few micropolitan centres
(Vias et al., 2002) where most residents live and
work, and many others live in neighbouring
small towns or in the rural countryside.

Slightly over 3.5 million tourists visit
Yellowstone National Park each year. The
regional tourism industry is comprised of an

26 J. Johnson

   Legend
National Park
City
2 Lane Roadway
4 Lane Roadway
Waterbody
River
County
State Line
Indian 
Reservation

Scale
1" = approx 15 miles

5   0   5   10   15

Greater Yellowstone Coalition
Map: Stewart Mitchell

Fig. 3.1. Greater Yellowstone Region, USA.
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assortment of activities, ranging from high-
value alpine skiing, snowmobiling, big-game
hunting, and fly-fishing to lower-value activities
such as bike-touring, hiking and river-running.
The tourism industry thrives in a full spectrum
of public and private settings. The majority of
recreation takes place on public land com-
prised of the two national parks and the seven
national forests in the region. Private lands
development include the Yellowstone Club –
an exclusive resort home development and ski
area – and many luxurious fishing lodges on
large ranch properties; many of these lodges
enjoy exclusive access to ‘spring creeks’
located on ranch property. The single feature
that ties all tourist activity in the Greater
Yellowstone together is that it takes place pri-
marily in a sparsely populated rural setting; this
differentiates it from some other tourist destina-
tions in America, located in an urban setting
(e.g. Disneyland, Niagara Falls, Las Vegas).

Tourism as an Attractant for New
Residents

From the mid-1980s through the 1990s non-
metro population growth in the western states
outpaced any other region in the USA
(Cromartie and Wardwell, 1999). Researchers
speak of a ‘rural renaissance’ as increasing
numbers of people fled the urban centres and
sought out high-amenity rural settings in which
to live (Beyers and Nelson, 2000). Part of the
quality of life these urban refugees were look-
ing for was outdoor recreation (Johnson and
Rasker 1995; Power, 1996).

Tourism- and recreation-related activity is
a magnet for the recently arrived, but the in-
migration of residents to resort towns and
‘touristic’ destinations is not new. In the Greater
Yellowstone Region the land that is now
Yellowstone National Park had been a popular
tourist destination prior to when the Park was
established in 1872. Indeed, during the last
great Indian war of 1877, when Colonel Nelson
Miles’ army pursued Chief Joseph across much
of Montana, tourists were taken hostage within
the Park boundaries (they were later released
unharmed). At the turn of the century wealthy
English gentry maintained an exclusive fox-
hunting preserve in Gallatin County, Montana.

As early as the 1930s avid skiers and
Hollywood stars alike were attracted to delib-
erate resorts such as Sun Valley, Idaho and
Aspen, Colorado. One effective method of pro-
moting the emergent ski industry and resorts
was to lure the rich and famous to the million
dollar lodges and to encourage them to own
property in the area. By the 1950s Sun Valley
and Aspen, in particular, became known as
playgrounds for the social and economic élite.
Others soon followed.

Throughout the 1960s and into the 1970s
‘ski bums’ vigorously pursued a lifestyle based
on achieving maximum ski days with minimum
work. The original resorts matured into func-
tional communities. Many of the original life-
style migrants remained to become local
business owners, real estate developers, and
holders of public office. They contributed a
sense of permanence and history to the com-
munities that transient visitors could not. In the
Greater Yellowstone, Jackson Hole Ski and
Summer Resort, Wyoming and Big Sky Resort,
Montana began operations during this period.

More recently, Johnson and Beale (2002)
found that rural counties with large concentra-
tions of recreational activity have had popula-
tion growth rates over 5% greater than that of
the US overall since 1990, and five times the
rate of other non-recreation non-metropolitan
counties. Most of the growth they document
has come from in-migration rather than natural
increase.

The reasons for the high growth vary, but a
map of recreation counties shows clearly that
in the western US many recreation counties are
in close proximity to mountains, the deserts of
the south-west and the Pacific Northwest (Fig.
3.2). Almost no recreation counties are located
in the eastern parts of the Rocky Mountain
States, eastern Oregon or Washington or in
southern California. Many recreation counties
in the West are adjacent to national parks and
most are in close proximity to national forests.

Johnson and Beale (2002) find that while
most recent research on rural population
growth suggests that high-amenity areas attract
significant numbers of older migrants, they
found that recreational counties attract
migrants at every age above 30. What this
means is that the contemporary recreation in-
migrant is no longer only a young ‘footloose’
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individual; rather, many are later in their life
cycle and perhaps bring more skills and desire
for community identity and permanence.

For the young, tourism employment is still
primarily in the lower-paid service sector –
maids, taxi drivers, ski-lift attendants or in retail
outlets. Such employment tends to be short
term and with little commitment to the
employer or community. Their commitment is
to recreation and they move to locations that
can provide high-quality skiing, fishing, kayak-
ing, backcountry travel, etc. A second, some-
what older group may tend towards more
permanence in the community. These tourism
entrepreneurs are outfitters, restaurant and
hotel operators, B&B owners, tour bus oper-
ators and travel consultants, all of whom can
find meaningful and lucrative work in a local
tourism economy. They own property and
locate to recreation areas for reasons of both
quality of life and employment. The third group
of residents is the retired or semi-retired. This
group is looking for similar recreation outlets as
the two previous groups, but also demand qual-
ity health care, personal safety, a good transpor-

tation infrastructure and a vast array of personal
services (Beyers and Lindahl, 1996). Taken
together, these three groups comprise a
dynamic and exciting demographic of lifestyle
migrants to rural communities that can offer
recreation and quality of life in a attractive geo-
graphical setting.

The Greater Yellowstone Region was, and
still is, one of the primary destinations for the
new lifestyle migrant, and tourism seems to play
a significant role in introducing would-be resi-
dents to the region. Snepenger et al. (1995), for
example, found that 4 out of 10 business owners
surveyed in 1995 reported that they had first
experienced the Greater Yellowstone Region as
a tourist. These ‘travel-stimulated entrepreneurs’
either moved or started a business in the region
subsequent to their tourist experience.

Another indicator of the region as a tourist
destination that attracts new residents is the
number of second or vacation homes. Accord-
ing to the latest census, approximately 13% of
the total housing stock in the region is classified
as either a second or a vacation home (US
Bureau of the Census, 2000). Some will even-
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tually be the permanent residence as the
owners age and retire. Table 3.1 indicates the
relative percentages by county.

What makes the contemporary in-
migration to recreation counties remarkable is
the extent of the migration and the impact on
communities and land stewardship. The scale
of the migration is as large as any migration
experienced in US history. Between the 1990
and 2000 census the American West grew by
over 10 million people, and 67% of rural coun-
ties grew at rates faster than the national aver-
age (Beyers and Nelson, 2000; US Bureau of
the Census, 2000). In terms of the affected com-
munities, the number of new residents, homes
and businesses has led to significant benefits as
well as certain detrimental effects. Land use has
also shifted in ways that could not have been
foreseen at the beginning of the growth period,
as the demand for recreation ranches, for exam-
ple, has continued to increase and production
patterns shift towards conservation of natural
amenities and away from commodity and agri-
cultural production.

Impacts of Tourism-related
In-migration

Tourism activity in general is known to bring
with it a variety of direct positive and negative
economic, social and environmental impacts
to host resident communities, and they are well
documented in the professional literature
(Allen et al., 1988; Var and Kim, 1989; Long et
al., 1990; Allen et al., 1993; Andereck and
Vogt, 2000). The economic impacts, and con-
comitant multiplier effect, are the object of a
great deal of research (Stynes and Propst, 1992;
Teisl and Reiling, 1992); however, other indi-
rect impacts as a result of tourism-related in-
migration have received less attention. Two
clusters of impacts are identified in Table 3.2.

Public service/administration impacts

The first cluster of growth impacts are those that
accrue to the community as a functional ser-
vice and administrative unit (Teisl and Reiling,
1992). These include: increased construction of
primary and recreation homes, increases to
local economic activity and resultant tax reve-
nue, diversification of the tax revenue income
stream, changes in local property values,
increased maintenance of public buildings and
infrastructure and issues of public safety.

In some cases there are obvious benefits
from these changes. For example, in the
Greater Yellowstone Region, construction is a
dynamic component of the regional economy
as the demand for primary and second homes
continues. The construction trade, in turn, sup-
ports the building materials industry. These jobs
employ local labour and are typically locally
owned small businesses. The home construc-
tion industry also supports a considerable
ancillary business component in architectural
services, interior decorating, landscaping and
home furnishings. Many of the jobs in those
sectors are high value and offer quality employ-
ment opportunities. Figure 3.3 depicts the
changes to regional employment patterns for
the past three decades.

The flow of general tax revenue from tour-
ism is difficult to track and controversial. In
most communities, enhancement and diversifi-
cation of tax revenues would be a positive
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Table 3.1. Second homes in the Greater
Yellowstone ecosystem (source US Census
Bureau, 2000).

Percentage of housing stock

Montana
Carbon 18.5
Gallatin 5.9
Madison 24.5
Park 9.6
Stillwater 12.0
Sweet Grass 10.9

Idaho
Bear Lake 22.3
Bonneville 1.2
Caribou 8.1
Clark 24.0
Franklin 4.3
Fremont 33.9
Madison 0.9
Teton 12.5

Wyoming
Fremont 4.2
Hot Springs 5.4
Lincoln 13.4
Park 6.8
Sublette 26.2
Teton 20.7
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change. However, in rapidly growing recrea-
tion communities the costs of hosting tourists
can, in some cases, exceed the revenues they
generate. In one of a handful of studies, Teisl
and Reiling (1992) attempted to determine the
costs incurred by towns in Maine to provide
public services to tourists. They found that
while some costs, such as police, sanitation and
administration, were associated with higher
levels of tourism, others costs did not increase
(i.e. fire protection). They do point out that the
relatively large number of seasonal homes in
some Maine communities did increase police
expenditures because of the need for additional
labour costs during the peak season of use.

In those areas with significant amounts of
tourism-related in-migration the tax impacts
are negative. Even as local economic develop-
ment due to construction enhances property
values and results in higher tax revenues, the
unanticipated tax burden due to the increased
cost of public service provision to rural house
sites can outweigh those revenues. Of the six
Rocky Mountain communities that have been
studied in the past decade by the American
Farmland Trust (1998), on average, residential
development cost county government US$1.22
in public service expenditures for every dollar
of tax revenue. A statewide study in Wyoming
found that rural residential development cost
US$2.01 in public expenditure for every dollar
in tax revenue, and similar results were re-
ported for a regional study (Coupal et al.,
2000). These findings strongly suggest that the
newcomer’s home in the rural countryside is
subsidized by other taxpayers, even as that
home may erode the viewshed for others in the
region.

Tax revenue in those counties where

the tourist sector is targeted directly can be a
positive impact. One case study – West
Yellowstone, Montana – illustrates the magni-
tude of tourist spending in a small gateway
community. Roughly 1 million visitors enter the
Park’s west entrance each year through the
small town of population 1200. Montana has
no statewide sales tax, but does allow for a
local option sales tax (4%) in communities
where tourism is demonstrated to be the major
component of the local economy. The tax was
implemented in West Yellowstone in 1985 and
has generated considerable revenues. This
source of revenue, derived largely from tourist
expenditures, has funded infrastructure im-
provements to local water, roads and public
safety, and recreational trails, while some is
spent on tourism promotion. The diversification
of public funds has helped transform West
Yellowstone into a community with better
pubic services, an improved physical appear-
ance and allows the community to offset some
of the negative impacts of large numbers of vis-
itors to the community.

Like many aspects of tourism or other
forms of economic development, the impacts
that accrue to a specific jurisdiction or region
are mixed. However, the evidence seems to
indicate that, for the public sector, tourism,
and especially tourism-induced in-migration,
results in a net loss to the economic balance
sheets of local governments – due in large part
to the cost of public service provision. On the
other hand, for those private recipients of tour-
ist spending, and for those who supply the
construction and personal services to tourism-
induced in-migrants, the rewards can be signif-
icant, and they pay taxes and add to the overall
regional economy. Clearly, further research is

30 J. Johnson

Table 3.2. Public administration and qualitative infrastructure impacts from tourism-stimulated
in-migration.

Public service/administration impacts Qualitative impacts

Construction of seasonal and recreation homes Diversified employment opportunity
Increase in local/state sales tax Enhanced entertainment and shopping
Diversification of tax revenues Environmental degradation/improvements
Cost of public service provision – sewer, water, Enhanced social capital

schools, etc. Upward pressure on housing prices
Enhanced property values Downward pressure on wages
Healthy seasonal and recreation home market Traffic congestion
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needed to fully understand the indirect costs
and benefits of tourism-related in-migration on
public revenues and costs and the relative
equity of distribution of cost and benefits.

In communities experiencing a high
demand for property a common impact is the
upward pressure on housing costs – sometimes
so high that locals who work in the mainstream
economy can no longer afford a home in the
community in which they live. The result is long
commutes from the ‘downstream’ commu-
nities. This downward economic spiral (Hart-
man, 2002) of ever-increasing costs of living
has reached absurd proportions in the Roaring
Fork Valley of Colorado, where tourist service
workers drive 2 h each way to work in Aspen –
a county where the median home price is
US$2.4 million and there is a 2- to 4-year wait-
ing list for apartments. A report on Pitkin
County’s housing estimated that for every new
6000-square-foot home, two domestic workers
are brought into the work force. But, in Aspen’s
current housing shortage, job creation pro-
duces a need for affordable housing, which
does not exist.

Housing shortages, like those found in
Colorado, are not yet widespread in the Greater
Yellowstone. However, long commutes to work
in the tourism service sector are increasingly

common. Based on census data, Fig. 3.4 shows
the over 2000% increase in the number of
workers who live in Teton County, Idaho
(Driggs, Victor) but commute over a major
mountain pass in excess of 1 h to Teton County,
Wyoming (Jackson). The costs of the commute
are easily explained by the disparity in the
median cost of housing: in Teton County,
Wyoming this is US$365,400 as compared to
the median cost in Teton County, Idaho of
US$133,000 in 1999.

Finally, the seasonal home market is often
discussed in the literature as a detriment to the
natural and social community (Gartner, 1987).
In the Greater Yellowstone Region the typical
second home is in an existing recreation/tourism
community (i.e. Jackson, Red Lodge, Big Sky) or
a recreational ranch property. Second home
development may occur disproportionately in
environmentally sensitive areas adjacent to
bodies of water or the forest edge – both areas of
prime wildlife habitat – and some ecological
impacts of building the home are realized even
if the home is not inhabited (Gartner, 1987).
Second homes may have less impact than other
forms of rural residential development. First,
because they are part-time residences there are
fewer public service demands placed on local
governments. Part-time residents do not place

Impacts of Tourism-related In-migration 31

0.0

50.0

100.0

150.0

200.0

250.0

300.0 Agriculture, forestry 
and fishing

Mining

Manufacturing

Services

Transportation

Wholesale trade

Retail trade

Finance, insurance 
and real estate

Construction

Government

P
er

ce
nt

ag
e 

ch
an

ge
Key

Fig. 3.3. Percentage change in Greater Yellowstone Regional employment by industry, 1970–2000
(source: US Bureau of the Census, 2000).

BUCKLEY MAKE-UP  23/6/04  10:31 AM  Page 31



their children in local schools, use the health-
care system less, and place less demand on
public infrastructure in general. Additionally,
they may exert less impact on the environment
because they use less in terms of natural
resources (i.e. power and water). At the same
time, they pay property and sales taxes to local
jurisdictions.

Qualitative impacts

Tourism is an activity that affects many ‘non-
participants’ of the industry, who are affected
directly and/or indirectly by the process of host-
ing tourists and, specifically, through tourism-
related in-migration and resultant population
growth. The presence of large numbers of
second homes and the attendant amenity-
based location phenomenon is often stated as
if the impacts are inevitably negative: the
source of erosion of community and quality of
life, the impacts on the ecological setting.
Hansen et al. (2002) and Johnson (2003, p.14)
and others (Gersh, 1995; Knight et al., 2000;
Hansen and Rotella, 2002) document some of
the negative ecological impacts of rural resi-
dential development. However, the focus of
this examination is on social and economic
considerations.

First, and most obviously, as tourism diver-
sifies the historical economic base of a region,
population growth follows, and the diversifica-

tion of employment opportunities will predict-
ably expand. Timber harvest, mining and agri-
cultural production are still much in evidence
in the Greater Yellowstone Region, but at much
reduced levels. Today, service-related employ-
ment, non-labour income, small business start-
ups, light manufacturing, retail, and
construction jobs dominate much of rural
employment and job opportunity in urban, as
well as rural, centres (Beyers and Nelson,
2000). Important components of the business
mix are services that cater to the second home
buyer, recent arrivals and tourists. These
include personal services, such as guides and
outfitters, decorating consultants and invest-
ment advisers; high-value producer services,
such as architects, building engineers and art-
ists; and curio shops, restaurants and photo
processing outlets. In many cases, personal and
producer services can be some of the better-
quality jobs in the newly diversified economy
(Beyers and Nelson, 2000), and these jobs may
be accessible to those in small rural commu-
nities who may not have enjoyed the same edu-
cational benefits as those educated in wealthier
urban centres.

For those not involved in the tourist indus-
try, the expanded range of goods and services
provide for more consumer choice at two
levels. First, many retail outlets that serve the
‘new economy’ are small, locally owned busi-
nesses. When residents shop in these stores the
local economy can realize a higher multiplier
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effect for local purchases than is possible with
large national retail outlets or via mail order.
Secondly, for those towns that attract the large
retail outlets, the expansion of consumer
choice may still benefit locals. In Jackson,
Wyoming, for example, before the opening of a
large grocery chain, it was cost effective to
drive to Idaho Falls, Idaho – over 2h away – to
‘stock up’ on bulk food purchases. Now, prices
and selection are competitive in Jackson, and
residents can shop nearby, thereby saving time
and supporting ‘community’ business.

Similar benefits accrue to residents for
entertainment of all forms. Tourist towns typi-
cally provide ‘summer stock’ theatre, entertain-
ing tours, or summer music and arts festivals. For
residents, a more important form of local enjoy-
ment may be ‘window shopping’ at tourist-
oriented boutiques, art galleries and gift shops.
These activities are free and can be augmented
with a visit to the upscale coffee shops and eat-
eries ubiquitous on ‘Main Street’ in every tour-
ist town in the West. Surveys conducted in
Bozeman, Montana in 1995, and since repli-
cated in several other GreaterYellowstone loca-
tions, found that locals actively utilize the
so-called ‘tourist-oriented’ segments of down-
town at a high rate and, further, over a third were
very positive about the touristic nature of down-
town ‘Main Street’. It serves as inexpensive

entertainment and met most of their shopping
needs. For 16% of the community, the touristic
nature of downtown was a negative attribute of
their community experience (Snepenger et al.,
1998).

The environmental impacts of in-migration
have received a great deal of attention from
researchers and public interest groups alike.
Regional environmental interest groups rightly
point to locations of high population growth as
having detrimental effects. In the Greater
Yellowstone, analysis of the US Census of
Agriculture data suggests that widespread loss
of farmland to rural residential development is
probably not as widespread as anecdotal or
modelling data might suggest.

Most observers would agree there are
clearly ‘hotspots’ of growth and landscape
change throughout the ecosystem, as evi-
denced by the high rates of growth in most of
the counties and the decline of farmland (Fig.
3.5). The issue is the scale at which these
changes are occurring and the impact on natu-
ral resources and local quality of life. And while
rural residential development attracts a great
deal of attention in the ecological and social
science literature as well as the popular press,
the reality of most settlement patterns is that
they are in relatively close proximity to existing
micropolitan centres (i.e. Bozeman and Red

Impacts of Tourism-related In-migration 33

Carbon
Gallatin
Madison
Park
Stillwater
Sweet Grass
Bear Lake
Bonneville
Caribou
Clark
Franklin
Fremont
Madison
Teton
Fremont
Hot Springs 
Lincoln
Park
Sublette
Teton

 

Key
P

er
ce

nt
ag

e 
ch

an
ge

20.0

10.0

0.00

–10.00

–20.00

–30.00

–40.00

–50.00

–60.00

Fig. 3.5. Percentage change in the amount of land in agriculture in the Greater Yellowstone, 1974–1997
(source: US Census of Agriculture, 1997).

BUCKLEY MAKE-UP  23/6/04  10:31 AM  Page 33



Lodge, Montana; Jackson and Cody, Wyoming;
Idaho Falls and Rexburg, Idaho). Of course, the
demand expressed for high-quality outdoor
recreation and natural resource quality is high-
est near these population areas, so the policy
issues are pressing.

The negative impacts of uncontrolled rural
residential development are well documented
and have been discussed in depth by Riebsame
et al. (1996), Hansen et al. (2002) and Johnson
et al. (2003). The social, economic and ecolog-
ical impacts are summarized in Table 3.3.

That these changes are taking place in the
Greater Yellowstone Region and other western
locations is not at issue. Almost anyone who
has lived in the region for any length of time
can point to a favourite piece of land that was
once a working agricultural operation but is
now roaded and crowded with homes. Others

tell of ranches where they once hunted but
where, now, access is leased to an outfitter that
caters to wealthy out-of-state hunters. But,
while the negative impacts of such change
receive the bulk of attention from activist
groups, researchers and others, there is evi-
dence that some positive effects may result.

No data, as such, exist for the amount of
reclaimed streams, wetlands game fish habitat
and grazing land contracted by the many
buyers of recreational properties in the Greater
Yellowstone Region. However, the growth of
stream habitat firms and private fisheries/
wetlands consultants provides a good indicator
of the interest recreational property owners
have in clean and healthy natural resources.
One example is the Baker Springs residential
development in Gallatin County, Montana. The
developers restored and enhanced a neglected
spring creek back to maximize all the fisheries
resources on the property and create new ones
for the property owners. The development plan
increases fishing opportunities throughout the
property, restoring the small spring creeks that
flow into Baker Creek and the West Gallatin
River. These restored steams will provide addi-
tional spawning habitat and fishing opportu-
nities for the public, and expand the creek’s
spawning habitat and holding waters. They
have also re-engineered formerly grazed land
into a limited number of homesites with con-
servation setbacks. Another example is the
Flying D Ranch in Montana where significant
private investments have resulted in enhanced,
albeit private, habitat for big game (elk, bison)
and fish – including the rare westslope cuthroat
trout, upland birds and waterfowl.

Another positive secondary effect of land-
ownership change is the growth of conservation
easements across the state. A conservation ease-
ment is a legal contract between a land trust, a
governmental entity or other qualified organiza-
tion, and a willing landowner. In exchange for a
tax deductible contribution for the value of the
protected land, the easement permanently limits
uses of the land in order to protect its conserva-
tion values. The restrictions run permanently
with the land. A conservation easement protects
the land from unlimited subdivision and devel-
opment, while also protecting the rights of pri-
vate ownership. Examples of uses generally
permitted by a conservation easement include:
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Table 3.3. Social and ecological impacts of rural
land-use change (from: Johnson et al., 2003).

Social and community effects of rural land-use
change

Changes in landowner structure (Turner et al.,
1996)

Changes to community history and culture
(Jobes, 1988; Williams and Jobes, 1990;
Beggs et al., 1996; Rudzitis et al., 1996)

Impact on agricultural land (Heimlich and
Vesterby, 1992; Greene and Harlin, 1995)

Impact on open space/view (Gersh, 1998;
Johnson and Maxwell, 2001)

Uneven cost of residential service (American
Farmland Trust 1998; Haggerty, 1996; Kelsey,
1996)

Changing political/economic structure (Beyers
and Lindahl, 1996; Alm and Witt, 1997)

Quality of life effects (Decker and Crompton,
1993; Johnson and Rasker, 1995; Jobes,
2000)

Ecological effects of rural land-use change
Water pollution and sewage (LaGro, 1998;

Gersh, 1998)
Fragmented habitat (Theobald, 1998)
Threats to biodiversity (Pimental et al., 1992;

Farrier, 1995; Forester and Machlis, 1996;
White et al., 1997)

Land-use conversion (Riebsame et al., 1996;
Bean and Wilcove, 1997; Johnson and
Maxwell, 2001)

Source/sink effects (Hansen and Rotella, 2002;
Hansen et al., 2002)
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continued agricultural use, sale or gift of the
property or selective timber harvest. Examples of
uses generally restricted by a conservation ease-
ment are: subdivision for residential develop-
ment, surface mining or the elimination of
wildlife or fisheries habitat protected by the
easement. The landowner continues to own and
pay taxes (at a reduced rate) on the land.

In the Greater Yellowstone Region several
entities can negotiate conservation easements,
including various agencies within the three
states and many local regional and national
land trusts. However, the reality of conservation
easement is that it is a tool aimed primarily at
the new wealthy landowners – they possess the
income and gross tax liability that will result in
significant tax savings.

Large ranches purchased for recreation
property are less likely to be overgrazed or
managed in such a way as to be detrimental to
native species (Knight, 2002). The result to the
public is that the large tracts of land protected
and managed as ‘habitat friendly’ produce
scenic open space and act as population
sources for native species – many of whom
migrate to nearby public lands.

Communities experiencing an increased
in-migrant population find themselves faced
with a myriad of both problems and opportu-
nities. The incoming population may bring a
newly skilled workforce to a community, who
will compete with the existing, possibly eco-
nomically downtrodden, population for jobs.
In economically stricken areas, this competi-
tion could create a great deal of tension among
neighbours.

Generally, areas experiencing increased
population due to immigration are those
prospering economically. In contrast, areas ex-
periencing out-migration are usually areas
experiencing economic decline. Traditionally,
individuals migrate in order to secure employ-
ment or advance their personal opportunities.
However, as discussed above, migration can
also be attributed to non-economic factors such
as quality of life, preference for rural areas and
availability of eco-amenities in a given area.
Regions such as the Greater Yellowstone seem
to experiencing three categories of immigrants:
return migrants, retirement migrants and new
migrants.

Return migrants are those individuals who

initially left the region but subsequently come
back to where they were raised. Reasons for
returning include: the improvement of eco-
nomic conditions in a given area, desire to be
near family and friends, or the ability to apply
newly acquired skills to the work force in the
place of origin. Data for the State of Montana
indicate that as many as two-thirds of those
immigrating to Montana from outside its bor-
ders are return migrants. In other words, of the
approximately 48,000 person gain in the past
decade, almost 32,000 are individuals who
previously lived in Montana (Sylvester and
Polzin, 1995). Depending on the length and/or
success of the return migrant’s time outside of
the home state, they may return with new polit-
ical ideology, economic theories and financial
resources. These fundamental changes in ideol-
ogy and social status may also greatly affect the
social cohesion of a community; but they may
also create an atmosphere that allows for new
political ideas and thought.

Migrants categorized as ‘retirement mi-
grants’ come to an area to live after a career
spent elsewhere. These migrants may not nec-
essarily be return migrants, but some overlap
does exist. Retirees make migration decisions
based on nearness to family, climate, cost of
living and recreation opportunities. Finally,
‘new migrants’ are those individuals migrating
to an area for the first time, usually citing eco-
nomic advantages and personal opportunity as
reasons for relocating.

While the majority of immigrants are those
returning ‘home’, the others are largely from
urban settings in Washington, California or
Minnesota, and are white, middle-class, well
educated and wealthier than locals. Research
by Johnson and Shell-Beckert (2004) indicates
that, as a group, in-migrants influence their
new communities by bringing neoconservative
political values with them. A ‘curious mixture
of Old-West gun culture and high-tech individ-
ualism’; the new west conservative is one that
holds a quasi-religious belief in private prop-
erty rights but also values highly the conserva-
tion efforts of government and public-interest
groups that maintain the attributes that make
the Greater Yellowstone Region a clean and
beautiful place to live.

Many of the new residents bring with them
ideas and experiences, and are a valuable
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source of social capital to rural communities.
Social capital is the concept of the stock of
active connections among people: the trust,
mutual understanding, shared values and beha-
viours that bind the members of human net-
works and communities, and make cooperative
action possible. Manifestations of social capital
are high levels of civic engagement in commu-
nity organizations. In a recent study of social
capital conducted in 2001, almost no volun-
teers for civic and social organizations were
native to the community (Velasquez, 2001).

Several socio-economic costs are typically
cited in the current literature with respect to the
impacts of growth on the costs of housing and
wages in tourism and resort communities. A
major economic effect of rapid land-use con-
version is the inflationary pressure on homes
and cost of living for locals. Communities that
provide high-quality recreation, and are good
places to live, work and raise a family are
increasingly unaffordable for many would-be
residents working local blue-collar jobs. In
many communities in the Rocky Mountain
region the cost of a home is well over the
national average (Doyle, 2002). The high cost
of housing is disturbing, given that some of the
Rocky Mountain States rank among the highest
in the nation for populations that work multiple

jobs, and whose pay is among the lowest in the
nation (US Bureau of the Census, 2000).

Adjacent to the highest priced commu-
nities are service communities requiring long
commutes for little pay and high housing costs.
Across the West, most measures of economic
well-being are on the decline, as fewer workers
are able to save for a home or more people
qualify for welfare payments (Montana State
University Local Government Center, 2003).
For many tourism and resort towns there is tre-
mendous pressure to provide larger roadways
to facilitate the commuter traffic and thereby
unintentionally encourage sprawl even further
away from the economic centre (Hartman,
2002).

Longer commutes to work also result in
increased traffic congestion. Figure 3.6 depicts
the commuter traffic pattern over a 24-h day on
Teton Pass, Wyoming, as Teton County, Idaho
residents travel to and from work.

The connection between tourism-related
in-migration and transportation is increasingly
understood to be autocatalytic in nature. Very
simply, as quality roads help push development
beyond the urban fringe, businesses and homes
follow, thereby spreading consumer travel pat-
terns over a larger geographic area. This can
lead to malls and shopping centres locating
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new operations away from the historic down-
town business district and, in the process, the
social function of downtown erodes as a func-
tional centre for the community (Snepenger et
al., 1998). The community loses its sense of
place and solidarity (Huang and Stewart,
1996), and this may help contribute to the high
turnover of new residents, as documented by
Jobes (2000).

Conversely, increased mobility through
automobile usage and the infrastructure that
facilitates it is clearly a contributing factor to
the ‘livability’ of rural settings (Dunn, 1998)
and the economic vitality many of them cur-
rently enjoy. Roads and highways can make
rural living possible by shortening travel time to
work, thereby enabling more people to live in
the small towns that typically surround larger
micropolitan centres. Likewise, small towns
themselves become desirable destinations for
those who can make a living in a rural setting.
Airports, another form of transportation infra-
structure investment, may be key location fac-
tors for many growing rural communities
(Rasker and Hansen, 2000).

Further Research

There is no question that tourism is a powerful
stimulus for some visitors to relocate their pri-
mary residence or to purchase a second home in
the tourism destination area. It is also abundantly
clear that there is a paucity of research aimed at
understanding the complexity of the tourism-
stimulated in-migration system. The political
agendas of many public-interest groups, local
government jurisdictions and public lands agen-
cies, at both ends of the pro/anti-development
spectrum, do not lend themselves to objective
research to assess the effects of growth and
change in tourism and resort communities.

Some areas of study are well developed,
and models exist that can be applied directly to
further study. The cost of services methodology
developed by American Farmland Trust and
others (Coupal et al., 2000) is already in use in
many high-growth settings, and has been
adapted to large- and small-scale development
(Mitchell, 2000). Additionally, the role that rec-
reation and other quality of life factors play in
rural development is also well understood.

Johnson and Rasker (1995), Beyers and Nelson
(2000), Rasker and Hansen (2000), Power and
Barrett (2001) and others have demonstrated
unequivocally the importance of non-
economic amenities in helping to explain rural
growth patterns. Integral to their argument is
the tourism and recreation experience as an
attractant for rural communities.

Two impact themes deserve the attention
of researchers. First, based on the recognition
that land use not only influences transportation
outcomes, but that transportation investments
also influence land-use decisions, there is a
growing interest in integrating transportation
and land-use planning in rural communities
(Humstone, 2002; Waddell, 2002; Johnson,
2003). The majority of these studies focus on
urban centres, with their networks of public
transportation, arterial highways and move-
ment of large volumes of traffic. Rural locations
have diseconomies of scale for public trans-
port, and large-scale highway construction pro-
jects are not politically efficient in sparsely
populated rural areas. Small-scale redesign of
the rural transportation network has been
shown to impart large-scale land-use effects
(Johnson et al., 2002). These connections are
poorly modelled, but emerging computer sim-
ulations can enhance the capacity of local
jurisdictions to influence rural growth patterns
through management of transportation infra-
structure (Johnson, 2003).

The second area, the role of private conser-
vation efforts and how they might influence
public resources, is a potentially rich area of
study. Expanded economic well-being has
stimulated the demand for high-quality, private
ecological surroundings.These emergent values
can be found in the personalized ecotourism
market, private recreational preserves, and on
the recreational ranchlands across the Rocky
Mountain West. High-value private hunting and
fishing, skiing, wildlife viewing, and personal-
ized sightseeing tours all show steadily increas-
ing demand, and the resources needed to
provide high-quality tourism services reside on
large tracts of private lands. To what degree do
qualities such as clean, free-flowing streams,
large herds of migrating ungulates and healthy
predator populations, undeveloped open spaces
and private wilderness provide ecological
improvement to public lands for enjoyment by
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the public? Ecosystem services accounting for
private lands may prove to have large benefits for
recreation on public lands.

Conclusion

Adding to the political and scientific complex-
ity of rural residential development is the
uncertainty of the global tourism industry. The
September 11 terrorist attack altered the travel
habits of many Americans, and domestic tour-
ism excursions to national parks and historic
places continue to increase. These family-
oriented experiences will expose urbanites to
the beauty and relative safety of rural America,
and some will choose to relocate there. Some
will build second homes and eventually retire
to communities that offer recreation, an inter-
esting cultural heritage and small-town values.

Planning and policy adapting to continued
rural population growth and resultant sprawl
has reached a high level of national attention in
the USA and other developed countries. Local
politicians, environmentalists, and public lands
managers in the Greater Yellowstone Region
are increasingly concerned with the myriad of
ecological, social and economic impacts of
unrestrained growth in the rural countryside.
Many jurisdictions have adopted anti-sprawl
local government ballot initiatives and some
support the concept of ‘smart growth’ to help
local governments manage the effects of
sprawl. National environmental groups (i.e. the
Sierra Club) have made sprawl a major focus of
their political activity. Others, such as the
American Farmland Trust, cooperate with the
agricultural community to safeguard farmland
from development. Largely missing from the
policy debate is the countervailing view of
tourism-stimulated growth as a positive trend
for rural communities.

While population growth in the Greater
Yellowstone Region and other amenity-rich
areas will most likely continue at least into the
next decade, local government officials and res-
idents will begin to assimilate both the positive
and negative long-term impacts of tourism-
stimulated in-migration.With better understand-
ing of growth impacts, continued education by
tourism planners and community leaders, and a
continued informed dialogue, political conflict

over ‘old-timers’ and ‘newcomers’ or ‘us’ and
‘them’ may eventually give way to recognition of
community solidarity. If and when that happens,
local jurisdictions can concentrate on the pres-
ervation of scenic vistas and the regional quality
of life that attracts visitors and permanent resi-
dents to the Greater Yellowstone Region and
other special places in rural America.
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Introduction

Ecotourism affects local environments in many
ways. Although some of the most dramatic envi-
ronmental changes result from development of
the infrastructure to support tourism, more
widespread impacts result from the recreational
activities that tourists engage in. For ecotourists
engaged in adventurous pursuits, hiking and
camping are perhaps the most common activ-
ities that can have profound ecological impacts.
This is particularly true in more remote places,
protected as parks or wilderness.

Of the many environmental effects of
hiking and camping, impacts on soil and vege-
tation have been most thoroughly explored.
Consequently, the literature on this subject is
voluminous and is a challenge to review thor-
oughly. The strategy of this chapter is to provide
an historical context for the development of this
literature, discuss the types of studies that have
been employed (each with inherent strengths
and weaknesses) and briefly assess the geo-
graphical distribution of research. Emphasis is
placed on development of generalities from the
literature and identification of critical knowl-
edge gaps, rather than a comprehensive review
of many site- and context-specific descriptive
studies. I try to identify the early papers that
provided the genesis of ideas and concepts, as
well as recent papers that extend earlier work
conceptually and geographically. Inevitably I

have drawn more examples from my own work
than might be representative because I am most
familiar with their details. Additional sources
can be found in several textbooks (Liddle,
1997; Hammitt and Cole, 1998; Newsome et
al., 2002) and reviews of the literature (Cole,
1987, 2002; Leung and Marion, 2000).

In this chapter, I do not distinguish be-
tween recreation and tourism. From the point of
view of impacts to soils and vegetation, differ-
ences between the two seem negligible.
Ecotourism suggests environments character-
ized by near-natural conditions, low levels of
development and crowding. Fortuitously, most
of the literature on recreation impacts has
been conducted in such environments, making
application to ecotourism straightforward.

Hiking and Camping as Activities

Humans have walked and camped for as long
as they have existed. Only in recent centuries,
particularly in developed countries, has there
been little need for large portions of the popu-
lation to walk from place to place. In the past
half century, this trend has reversed. As the pro-
portion of people with substantial leisure time
has increased, people are turning to hiking and
camping as recreational activities (Fig. 4.1). In
the USA, for example, two-thirds of the popu-
lation engages in walking for pleasure and
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about one-quarter hikes and camps (Cordell
and Super, 2000). Increased interest in ecotour-
ism reflects this trend and its dissemination
around the globe.

Hiking has always been more ubiquitous
than camping, particularly in more developed
and less remote places. In road-accessible
places, with well-developed infrastructure,
most hiking may occur on highly engineered
trails designed to absorb the impacts of hiking
and to confine those impacts to the designed
trail system and nodes of activity (e.g. view-
points, picnic sites, etc.). Most hiking is of short
duration, less than 1 day and often for just an
hour or two, with tourists staying the night in
some sort of lodging. In addition to staying in
overnight lodging, many people camp in road-
accessible developed campgrounds, which
ideally are designed to confine traffic to sur-
faces that are hardened to absorb use. In these
situations, impacts to soils and vegetation can
be limited despite very high visitation levels.
Where people venture off the trail system, how-
ever, impacts can be pronounced.

Less-developed and more remote areas are
used in more variable ways. Day hiking on
engineered trails still occurs, but overnight
hiking on less-developed trails and even off-
trail travel also occurs. In certain parts of the

world (e.g. much of Europe, Nepal and New
Zealand), long-distance trekkers usually over-
night in lodges or shelters, but, in many places,
the tradition involves overnight camping.
Camping may occur on designated campsites;
informal, long-established sites; and even on
places that have never been camped on before.

The value of research on recreation im-
pacts to soils and vegetation seems generally
greater in less-developed and more remote
lands. This has nothing to do with the relative
amount or importance of recreation in these
places. In less-developed and more remote
places, management is more complex, and the
knowledge required to manage effectively is
greater. Management relies less on engineering
and on separating the natural environment
from recreational use. Therefore, it is more crit-
ical to understand the inherent durability of the
natural environment, and how much of what
types of use the environment can support. The
standards for acceptable levels of impact are
also likely to be more stringent, and concern
about the obtrusiveness of management is
likely to be greater. This management complex-
ity, I think, explains the fact that although most
visitation occurs on more developed lands,
most research has been conducted in less-
developed parks and wilderness areas.

42 D.N. Cole

Fig. 4.1. Recreational hiking and backpacking have increased dramatically in the past few decades.
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Historical Context of Research

Research on the ecological impacts of recrea-
tion has a short history. Although there were a
few isolated early studies of the ecological
impacts of tourists (Meinecke, 1928) and of
vegetation subjected to trampling (Bates,
1935), the 1960s was the decade when interest
in recreation impacts first developed widely.
Not coincidentally, it was the 1960s when the
demand for outdoor recreation first exploded in
much of the developed world. This earliest
work was descriptive, highly site-specific,
seldom published, and largely confined to the
USA and western Europe. Few researchers ever
conducted more than one study.

By the early 1970s, interest had grown
enough for collaborative and cumulative
research to be supported. The term ‘recreation
ecology’, the most common descriptor of
research on the environmental effects of recre-
ation, was probably coined about this time. By
1973, in Great Britain, the Recreation Ecology
Research Group was convening regularly to
share information. The first pioneers in recrea-
tion ecology also began work in the early
1970s. Neil Bayfield (1971, 1973, 1979) devel-
oped the first sustained programme of recrea-
tion ecology research, a 20-year programme of
government-funded work on trampling and
footpath impacts in the mountains of Scotland
and England. He was among the first to propose
methods for monitoring trail impacts and to
investigate means of restoring damaged recrea-
tion sites. Michael Liddle began a lifetime of
work in academia on recreation impacts, first in
Great Britain (Liddle and Greig-Smith, 1975)
and later in Australia (Liddle and Kay, 1987).
Notably, Liddle (1975a,b) was among the first
to search for generalities about recreation
impacts and his career culminated in a com-
prehensive textbook on recreation ecology
(Liddle, 1997).

The earliest students of recreation ecology
in the USA did not pursue careers in the field.
Nevertheless, their contributions were vital. Al
Wagar conducted the first simulated trampling
experiments, and provided initial conceptual
development of the carrying capacity concept
(Wagar, 1964). Sid Frissell conducted the first
study of campsites that received differing levels
of use (Frissell and Duncan, 1965). This

research showed that impact occurs wherever
use occurs, leading Frissell to suggest that the
decision facing recreation managers is how
much impact is acceptable – not whether or not
to allow impact. This observation provided the
conceptual foundation for planning processes
such as the Limits of Acceptable Change
(Stankey et al., 1985). Frissell’s data also illus-
trated the curvilinear nature of the relationship
between amount of use and amount of impact,
although it was another 15 years before the
generality of this finding and its significance to
recreation management was articulated (Cole,
1981a). Frissell (1978) was also among the first
to publish suggested methods for monitoring
wilderness campsites.

Efforts to develop generalities and the man-
agement implications of recreation ecology
were substantially increased when governmen-
tal research institutions hired recreation ecolo-
gists. Since the late 1970s (Cole, 1978), my
position with the US Forest Service has allowed
me to focus my professional work on recreation
ecology. Jeff Marion has held a similar position
with the National Park Service (now the US
Geological Survey) since the mid-1980s. This
has provided the opportunity for more rigorous
study of recreation ecology. It has been possible
to use multiple methodologies to examine
impacts (Marion and Cole, 1996), to develop
models of factors that influence impacts (Cole,
1987, 1992), to search for generality across dif-
ferent environments (Cole, 1995a), to study
trends over time (Cole, 1993) and to work at
multiple spatial scales (Cole, 1996). It has also
provided more opportunity to apply research
results to the development of management strat-
egies (Cole, 1987, 2002; Hammitt and Cole,
1998; Leung and Marion, 2000) and monitoring
techniques (Cole, 1989a; Marion and Leung,
2001).

The geographic distribution of recreation
ecology research has also expanded. Prior to
the 1980s, recreation ecology research was
largely confined to North America and Europe.
Research continues to be conducted through-
out Europe, but nowhere is recreation ecology
an established discipline. Occasional studies
have been conducted in Japan since at least the
late 1960s (Tachibana, 1969) and that tradi-
tional continues today (Yoda and Watanabe,
2000) – there and in Hong Kong (Jim, 1987;
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Leung and Neller, 1995). In the 1980s, research
expanded in developed countries around the
world, most notably in South Africa (Garland,
1987) and Australia. Notable in Australia is the
work of Liddle and his students (Liddle and
Thyer, 1986; Sun and Liddle, 1993a,b) and
research related to management of World
Heritage Areas in Tasmania (Whinam et al.,
1994; Whinam and Chilcott, 1999) and the
Great Barrier Reef (Liddle and Kay, 1987).

In the 1990s, perhaps in response to
increased ecotourism and recognition of its
potential environmental consequences, recrea-
tion ecology research has expanded into devel-
oping countries and ecotourism destinations
around the globe. Recent studies have been
conducted in the Middle East – in Israel (Kutiel
and Zhevelev, 2001) and Egypt (Hawkins and
Roberts, 1993) – as well as in the tropics – in
Central and South America (Boucher et al.,
1991; Farrell and Marion, 2001a), Africa (Obua
and Harding, 1997) and South-East Asia (Jusoff,
1989). It has expanded throughout the temper-
ate lands of the southern hemisphere – in New
Zealand (Stewart and Cameron, 1992) and in
Chile (Farrell and Marion, 2001b) – and even
the sub-Antarctic (Scott and Kirkpatrick, 1994).
Much of this generation of research has drawn
directly from the research techniques and
protocols developed by the original generation
of recreation ecologists. Buckley and Pannell

(1990) applied the findings of recreation ecol-
ogy to ecotourism and Tracy Farrell applied Jeff
Marion’s impact monitoring procedures in
Central and South America (Farrell and Marion,
2001a,b).

The ecosystems in which recreation ecol-
ogy research has been conducted has expanded
along with the geographical distribution of
studies. The earliest work occurred in moun-
tainous and coastal environments, due to the
attraction of tourists to these locations (Fig. 4.2).
To this day, the preponderance of work is still
conducted in the mountains and, to a lesser
degree, along coasts. Although the earliest work
in the mountains was typically in the alpine and
subalpine zones, recently more research has
been conducted at lower elevations (e.g. Hall
and Kuss, 1989; Leung and Marion, 1999a).
Much of the recent coastal work has shifted to
recreational impacts on reefs and intertidal
areas (Liddle and Kay, 1987; Hawkins and
Roberts, 1993; Rouphael and Inglis, 2002).
Other environments recently studied include
riparian (Marion and Cole, 1996) and desert
environments (Cole, 1986).

Research Designs

Four different research designs have been
employed as a means of studying recreational
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Fig. 4.2. Much of the research in recreation ecology has been conducted in mountainous environments.
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impacts (Cole, 1987). Each of these designs has
strengths and weaknesses. The valuable per-
spective of each design is reflected in the fact
that each was used in early recreation ecology
research and each continues to be used today.
The most common design, particularly in
highly applied research, designed to assess
impacts to an entire park, campground or trail
system, is the descriptive field survey. Vegeta-
tion and soil parameters on recreation sites are
measured for the purpose of assessing current
conditions. Environmental and use characteris-
tics are often simultaneously assessed and then
correlated with variation in impacts to soil and
vegetation. Examples of this approach include
Bayfield’s (1973) work on Scottish trails, as well
as the work of Marion and his students on trails
and campsites in the eastern USA and in
Central and South America (Leung and Marion,
1999a,b; Farrell and Marion, 2001a,b). The
value of this approach is that impact conditions
can be surveyed over large areas rapidly and
with minimal training. Surveys provide a snap-
shot of conditions at a point in time and, when
repeated, can be used to assess trends over
time. Consequently, such studies can provide
much of the foundational information needed
to guide day-to-day management. However, if
one’s goal is to understand cause-and-effect,
this is the least useful of the research designs.
One can speculate about cause and effect from
correlational analyses, but apparent relation-
ships can be spurious and true relationships
can be missed due to the confounding of inter-
vening variables.

A common variant of the descriptive
survey is the addition of measures taken on
undisturbed control sites that, when compared
with recreation sites, provide an estimate of
change resulting from recreation use. This
amounts to using spatial differences (used
versus unused) to infer temporal change (pre-
versus post-use). In such studies, it is common
to compare impacts on categories of sites that
vary either in use or environmental characteris-
tics. An early example is Frissell and Duncan’s
(1965) study of variation in impact, related to
amount of use, on canoe campsites. This
approach, though more time-consuming than
the simple descriptive survey, has the advan-
tage of providing an estimate of the extent to
which conditions reflect recreational use.

However, control sites are never perfect repli-
cates of pre-existing conditions and, in some
situations, the difficulty of finding good con-
trols makes it impossible to use this approach.

A further variant of the descriptive field
survey is the before-and-after natural experi-
ment. This design involves assessing conditions
before and after recreational use occurs, or
before and after a change in management
regime. Ideally, identical measures are taken on
control sites that are not subjected to use or a
change in management. In this case, change
resulting from management is measured
directly. An early example of this approach is
Merriam and Smith’s (1974) study of impacts
resulting from initial use of newly opened
campsites. Spildie et al. (2000) used this design
to assess the effectiveness of a management
programme designed to confine and reduce
campsite impacts associated with packstock.
Typically, such studies are conducted in one
place at one point in time. Consequently, it can
be difficult to assess the general applicability of
results.

The three variants of the descriptive field
survey have the advantage of realism and pro-
viding highly relevant site-specific information,
but they all suffer, to varying degrees, in their
ability to identify cause-and-effect and to con-
tribute to general knowledge. The alternative is
the simulated experimental approach. With this
approach, researchers carefully control use and
environmental factors in a replicated design
that maximizes insights into cause and effect.
Bayfield (1971) was perhaps the first to employ
experimental trampling by humans, although
Wagar (1961) trampled vegetation using an
artificial ‘tamp’. More recently, Cole and Bay-
field (1993) developed a standard protocol for
conducting trampling experiments. This proto-
col has been applied in many different vegeta-
tion types, from mountainous areas of the USA
(Cole, 1995a) to such places as Arctic tundra
(Monz, 2002), sand dunes in France (Lemauviel
and Rozé, 2003) and forested communities in
Uganda (Pratt, 1997). Widespread application
of similar field techniques increases the ability
to develop broad generalizations and to under-
stand the causes of variability.

Each of these research designs has inher-
ent strengths and weaknesses. The most appro-
priate approach to take will depend on the
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goals of the study. Maximum insight can be
gained by utilizing several approaches simulta-
neously. For example, Marion and Cole (1996)
combined: (i) descriptive field surveys of camp-
sites, stratified according to amount of use and
vegetation type, along with measures taken on
adjacent controls; (ii) natural experiments on
previously undisturbed sites, before and after
being opened for camping; (iii) natural experi-
ments on established campsites, before and
after being closed to use, as well as before and
after management actions designed to reduce
campsite size; and (iv) trampling experiments.

Progress in recreation ecology is ham-
pered by minimal attention given to conceptual
and theoretical development. Early exceptions
include Liddle’s (1975a,b) conceptual model of
trampling processes and his hypothesis that
trampling tolerance is related to primary pro-
ductivity. Cole’s (1992) simplified model of
campsites represents one of the few attempts to
use analytical models to build foundational
concepts regarding how various factors operate
in determining impact magnitude. Rigorous
analyses of the efficiency of impact assessments
are also lacking, although Leung and Marion
(1999c) is a notable exception.

Research Results

Descriptive information about recreational
impacts can be divided into information about
the nature and magnitude of impacts caused by
different recreational activities, spatial aspects
of impacts, and temporal patterns of impact.
There is also an extensive body of information
about use and environmental characteristics
that influence the nature and magnitude of
impacts. This knowledge provides the basis for
insight into management actions that might
effectively control impacts. Finally, a substan-
tial amount of work has developed regarding
the effectiveness of impact management tech-
niques, as well as efficient ways to monitor
impacts.

The nature and magnitude of impacts

Much of the research into hiking and camping
impacts on soil and vegetation is focused on

either linear travel routes, usually trails, or
nodes of concentrated use, usually campsites
but also picnic sites and viewpoints. The other
tradition has been to study the effects of tram-
pling, which occurs on trails and campsites but
also away from these places of concentrated
use.

Trampling has at least three effects: abra-
sion of vegetation, abrasion of organic soil hori-
zons and compaction of soil (Fig. 4.3). Plants
can be bruised, crushed, sheered off and even
uprooted by trampling. Trampling effects in-
clude reductions in plant height, stem length
and leaf area, as well as in the number of plants
that flower, the number of flower heads per plant
and seed production (Liddle, 1997). Reduced
height and leaf area decrease the photosynthetic
area of plants, resulting in depleted carbohy-
drate reserves (Hartley, 1999). These changes
typically result in reductions in plant vigour and
reproduction. Many plants are killed by tram-
pling. At moderate levels of trampling, however,
some species increase in abundance, often as a
result of decreased competition or a change in
microhabitat. Generally, where trampling is
intense, plant cover and biomass are low, most
plants are short, species richness is reduced and
species composition has shifted.

Trampling compacts soils, reducing poros-
ity, particularly the volume of macropores
(Monti and Mackintosh, 1979). This reduces the
water-holding capacity of soil, except in some
coarse-textured soils. Compaction reduces
water infiltration rates, leading to increased
runoff and erosion potential. These physical
soil changes alter soil chemistry and biota,
although such changes are poorly understood.
Compacted soils can also inhibit seed germina-
tion and plant growth. Alessa and Earnhart
(2000) have shown that plants in compacted
soils may be less able to utilize available nutri-
ents because they grow fewer lateral roots and
root hairs and because cytoplasmic streaming
within root hairs is reduced. Soil compaction
effects are exacerbated by abrasion and loss of
organic soil horizons, which shield underlying
mineral soil horizons from excessive compac-
tion and erosion.

Loss of organic litter directly affects plant
and animal populations, both above and below
the ground. Since certain plant species germi-
nate most frequently on organic soil surfaces,
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loss of litter can cause species composition to
shift towards species that germinate most fre-
quently on mineral soil. Loss of organic matter
from the soil typically reduces the water-
holding capacity of the soil and has an adverse
effect on soil microbial populations, which
depend on soil organic matter and root exu-
dates from above-ground plants for their
energy. Zabinski and Gannon (1997) report
substantial reductions in the functional diver-
sity of microbial populations on a backcountry
campsite. Microbial populations contribute to
ecosystem functioning by metabolizing nutri-
ents, transforming soil organic matter, produc-
ing phytohormones and contributing to soil
food webs.

The impacts of camping include all the
effects of trampling, as well as some unique

impacts. Numerous studies have quantified the
magnitude of soil and vegetation impact on
campsites. The data in Table 4.1 are typical.
They describe vegetation and soil conditions
on 29 paired canoe-accessible campsites and
undisturbed control sites in low-elevation ripar-
ian forests in the eastern USA (Marion and
Cole, 1996). On most campsites, most of the
vegetation has been eliminated and the vegeta-
tion that remains consists primarily of grami-
noids. Forbs dominate undisturbed control
sites. Organic horizons on campsites are only
about one-third as thick as on controls; mineral
soil is exposed over most of the campsite. These
mineral soils are compacted – exhibiting
increased bulk density and penetration resis-
tance. Substantial numbers of trees have been
damaged (cut branches or scarred trunks) or
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Fig. 4.3. A conceptual model of trampling impacts. Note the numerous reciprocal and cyclic
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felled, and tree reproduction has been dramat-
ically reduced. Along with the felling of tree
saplings, lack of tree reproduction suggests that
overstorey trees will not be replaced on camp-
sites when they eventually die.

Camping also can cause off-site impacts.
The most common off-site impacts are informal
trailing (between the campsite and water
sources, other campsites or the main trail) and
impacts caused by the collection of wood to be
burned in campfires. Hall and Farrell (2001)
documented 25–63% reductions (depending
on size class) in abundance of woody material
on and around campsites. Taylor (1997) found
that the density of saplings around campsites
was reduced within an area that extended 45m
on average from the centre of the campsite. The
most pronounced off-site impacts are often
those associated with the confinement of
horses and other pack animals used to transport
people and gear (see Newsome et al., Chapter
5, this volume).

Impacts on trails have also been studied.
However, it is difficult to separate the impacts
of hiking on trails from the impacts associated
with trail construction and maintenance, and
the impacts that would occur on trails in the
absence of hiking (e.g. erosion by rainwater
channelled down a trail tread). Major impacts

of trail construction and maintenance include
opening up tree and shrub canopies, the build-
ing of a barren, compacted trail tread that may
alter drainage patterns, and the creation of a
variety of new habitats, including cut slopes
above the trail and fill below (Cole, 1981b).
Except where hiking use is extremely high, it is
probably rare for the impacts of hiking on trails
to exceed the impacts caused by trail construc-
tion. However, these rare cases of profound
hiking impact can be highly problematic. For
example, the deep, peaty soil of tracks in much
of the Tasmanian Wilderness World Heritage
Area can be churned into deep quagmires by a
small number of hikers (Calais and Kirkpatrick,
1986; Whinam and Chilcott, 1999).

Impacts adjacent to trails are similar to
those caused by trampling. Although trampling
adjacent to trails can reduce vegetation cover
(Cole, 1978; Boucher et al., 1991), it is com-
mon for vegetation cover to be greater adjacent
to trails than on undisturbed sites (Hall and
Kuss, 1989), presumably due to increased
light, water and nutrients there. Organic matter
can decrease and soil compaction increase
(Adkison and Jackson, 1996). Vegetation com-
position adjacent to trails is usually very differ-
ent from undisturbed site controls. It can be less
diverse (Boucher et al., 1991), but often is more
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Table 4.1. Vegetation and soil conditions on 29 campsites and undisturbed control sites at Delaware
Water Gap National Recreation Area, 1986 (from Marion and Cole, 1996).

Campsite Control

Impact parameter Mean Range Mean Range P

Ground vegetation cover (%) 15 0–63 72 1–95 0.001
Floristic dissimilarity (%) 75 23–100 Not applicable
Graminoid cover (%) 58 0–100 26 0–92 0.023
Forb cover (%) 23 0–78 59 5–100 0.001
Mineral soil cover (%) 61 21–94 1 0–15 0.001
Organic horizon thickness (cm) 0.5 0–1.4 1.5 0.2–3.1 0.002
Soil bulk density (g/cm3) 1.26 1.0–1.4 1.06 0.7–1.4 0.001
Soil penetration resistance (kPa)a 275 137–382 49 0–226 0.001
Soil moisture (g/cm3) 18 8–32 17 8–31 0.710
Felled trees (%) 19 0–53 Not applicable
Damaged trees (%) 77 25–100 Not applicable
Tree reproduction (stems/ha) 936 0–6275 10,090 0–56,400 0.001
Non-vegetated area (m2) 181 0–696 0 0–15 0.001
Campsite area (m2) 269 51–731 Not applicable
Shoreline disturbance (m) 9 0–20 Not applicable

a 1 kPa�the pressure corresponding to 1.01971�10�2 kg/cm2
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diverse (Hall and Kuss, 1989), partially due to
the invasion of exotic species that use trails as
conduits for movement (Benninger-Truax et al.,
1992).

Of more practical significance and con-
cern is the impact of hiking on the constructed
and maintained trail surface. Constructed trails
are barren and compacted by design. So, the
interest here is not impacts on native soil and
vegetation but impacts on the trail itself. This is
a concern because hikers can increase soil ero-
sion from trails, either by detaching or trans-
porting soil particles. Two recent experimental
studies provide insight into the process by
which this occurs. They show that sediment
yield and trail erosion is detachment-limited
rather than transport-limited (Wilson and
Seney, 1994; DeLuca et al., 1998). Trail use
loosens soil particles, making them easier to
detach and, therefore, available to be trans-
ported by such erosive agents as running water.

Most trail-impact studies document trail
characteristics, such as width and depth, with-
out regard for the complex factors (of use, envi-
ronment and management) that combine to
influence these characteristics. Bayfield and
Lloyd (1973) developed survey techniques for
periodically assessing trail width and depth, as
well as censusing the presence or absence of
‘detracting’ features, such as rutting and bad
drainage. Coleman (1977) developed a tech-
nique for measuring trail cross-sectional area.
More recent assessments of trail conditions, in
such places as Guadalupe Mountains National
Park (Fish et al., 1981), the Selway-Bitterroot
Wilderness, (Cole, 1983) and Great Smoky
Mountains National Park (Leung and Marion,
1999b), are largely extensions of this early
work. These studies provide descriptive statis-
tics (means and ranges) for such metrics as trail
width and depth, as well as frequency and
extent of trail problems (Bayfield’s ‘detracting’
features). For example, mean trail width and
depth were 115cm and 10cm, respectively, on
trails in the Selway-Bitterroot Wilderness (Cole,
1991). On trails in Great Smoky Mountains
National Park (Leung and Marion, 1999b) there
were 470 occurrences of multiple tread. A total
of 10.3km of trail (1.8% of the trail system) had
multiple treads. These studies typically search
for correlations between trail conditions and
characteristics of use, environment and man-

agement. For example, in Great Britain, Bay-
field (1973) found that trail width was positively
correlated with soil wetness, roughness and
steepness, and Coleman (1981) found that trail
width was positively related to recreation use.

The most significant impacts of hiking on
native soils and vegetation are probably those
associated with proliferation of user-created
trails along hiking routes where a trail tread is
never constructed. Lance et al. (1989), describe
this process in Scotland, noting that trail devel-
opment usually starts with formation of a single
track. As this path widens and erodes, secon-
dary paths are created. These widen and merge
with other paths, ultimately creating a braided,
eroding web (Fig. 4.4). On the tallest peaks in
Colorado, user-created trails to the summits
have eroded so severely that they are now
being replaced by constructed trails. Restora-
tion of abandoned sections of user-created trail,
which are often steep and eroding, is difficult
(Ebersole et al., 2002).

Spatial patterns of impact

Most studies of impact report the intensity of
particular types of impact – the amount of
impact per unit area (e.g. the campsite lost 50%
of its vegetation cover). Assessments of magni-
tude of impact must also consider the area over
which this impact occurs. The magnitude of a
50% cover loss on a 1000m2 campsite is twice
that of a 50% cover loss on a 500m2 campsite
– although the intensity of impact is the same.
Magnitude of impact (sometimes referred to as
aggregate impact) is minimized when both the
area of impact and the intensity of impact per
unit area are minimized (Cole, 1981a). Certain
impact parameters only describe impact inten-
sity (e.g. vegetation cover loss), while others
only describe area of impact (e.g. campsite
area). A few parameters describe both. For
example, the area of vegetation loss on a camp-
site (Cole, 1989b) expresses vegetation loss, in
m2, as the product of campsite area and the dif-
ference between vegetation cover on the camp-
site and an adjacent control site. This metric
makes it possible to compare the magnitude of
vegetation impact on sites that vary greatly in
size (e.g. Marion and Farrell, 2002).

Spatial aspects of impact have received
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little attention, beyond recognition that assess-
ments of the magnitude of impact must con-
sider the area that has been impacted, as well
as the intensity of impact. In addition to the
intensity and aggregate area (magnitude) of
impact, other potentially important descriptors
of impact include the size of impacts and the
spatial distribution (pattern) of impacts. Given a
constant aggregate area of impact, there may be
many small impacts or a few large impacts.
Theoretically, these impacts can be distributed
in a pattern that is either more clumped (aggre-
gated or underdispersed) or more regular (over-
dispersed) than a random pattern. In reality,
spatial impact patterns are almost always more
clumped than random. Campsites are clustered
in campgrounds or around lakes and in places
accessed by trails. Hiking impacts are concen-
trated along trail corridors, with little impact off
trail.

Quantitative descriptions of impact vary
with the spatial scale of analysis that is
selected. For example, vegetation loss may be
100% at the centre of a campsite but only 50%
when the entire campsite is surveyed. At the
scale of a lake basin, vegetation loss associated
with camping might amount to only 1 or 2%
and, at the scale of the park or wilderness, less
than 1% of the vegetation is likely to be lost
(Cole, 1981b). Impacts might be considered
few and large at a 10ha scale but many and

small at the scale of 10,000ha. They may be
regularly distributed at a 10ha scale but
clumped at the scale of 10,000ha. What this
suggests is that any quantification of impacts is
only valid at the chosen scale of analysis.

Although generally ignored, spatial des-
criptors of impact and scaling issues are impor-
tant considerations, particularly in assessing
how much of a problem impacts are, and in
devising strategies for managing them. Cole
(1981b) noted that hiking and camping impacts
on soil and vegetation, while severe when
measured at small scales, are minimal at large
spatial scales. This suggests that while recrea-
tion impacts can be serious for individual
plants and animals, and perhaps localized rare
populations, they are generally of little signifi-
cance to landscape integrity or regional biotic
diversity. Moreover, unless much of a popula-
tion is impacted by a single impacted site, the
intensity, size and distribution of impacts are
not relevant to the significance of impacts
assessed at large spatial scales. If animal popu-
lations are considered, however, spatial pat-
terns in which impacts are clustered, leaving
large expanses undisturbed, might be the ideal.

Recreation impacts on soil and vegetation
are highly significant at the scale of human per-
ception – the scale humans can readily observe.
Studies of wilderness campers show that most
campers view small areas of impact as ‘posi-
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Fig. 4.4. Trail braiding is a common type of trail impact in certain environments.
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tive’, ‘pretty natural, healthy’ (Farrell et al.,
2001), because they make the site function well
as a temporary dwelling for humans. Perhaps
from the human perspective, many small
impacts are preferable to a few large impacts,
because small impacts are perceived as
‘healthy’ dwelling sites, while large impacted
areas (several hectares or more) suggest abuse,
damage and unhealthy conditions. Moreover,
dispersal of impacts at this scale provides more
solitude and privacy for tourists. This line of
thinking leads to the conclusion that, when
impacts on soils, vegetation, animals and
humans are all considered, they are least prob-
lematic when: (i) aggregate impact (intensity in
combination with area) is minimized; and (ii)
impacts are concentrated at the site scale, dis-
persed at intermediate scales (within a destina-
tion area such as a lake basin) and clustered at
larger scales (within a park or wilderness)
(Hammitt and Cole, 1998). Although little atten-
tion has been devoted to these spatial issues,
Leung and Marion (1999d) suggest some spatial
strategies for managing impacts.

Temporal patterns of impact

The tendency to study impacts at one point in
time has contributed to a lack of data on tempo-

ral patterns of impact, much as the tendency to
conduct studies at just one spatial scale leaves
us with little insight into spatial patterns.
Available studies suggest that individual camp-
sites have a typical ‘life history’, moving succes-
sively through stages of development, dynamic
equilibrium and recovery (Fig. 4.5). Impact
occurs rapidly during the development phase,
shortly after a campsite is first used. For exam-
ple, on newly established canoe campsites,
most of the impact that occurred over the 6
years following creation of the campsite
occurred during the first year of use (Marion and
Cole, 1996). Impact did increase over the first 3
years, but at a decelerating rate. This phase is
followed by a more stable phase in which
impacts change little unless there are dramatic
changes in amount of use. For example, on
long-established campsites in the Eagle Cap
Wilderness, mean vegetation cover was 15% in
1979, 12% in 1984 and 19% in 1990 (Cole and
Hall, 1992). Vegetation cover on these camp-
sites might be expected to fluctuate between
about 10% and 20%, as long as use character-
istics are relatively stable. These patterns are rel-
atively consistent across diverse ecosystem
types and types of recreation, although impacts
occur more rapidly (the development phase is
shorter) as amount of use increases and site dur-
ability decreases. Moreover, aberrant behaviour
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Fig. 4.5. The typical life history of a campsite, from initial use through a period of closure and recovery.
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(e.g. someone cutting down a tree) can cause
dramatic spikes in impact at any time.

The recovery phase is almost invariably
longer than the development phase, because
deterioration occurs more rapidly than recov-
ery. Recovery rates also vary greatly with kinds
of impact, magnitude of impact and environ-
ment. Variation in the resilience of different
ecosystem types is pronounced. Hartley (1999)
reports residual effects of trampling after 30
years, in alpine meadows in Glacier National
Park, while most evidence of camping on
closed riparian campsites disappeared within 6
years (Marion and Cole, 1996). Cole and Monz
(2002) report that an alpine grassland trampled
1000 times recovered more rapidly than a
neighbouring forest, with an understorey of low
shrubs, that was trampled just 75 times. Given
the same environmental setting, sites that
receive more use and that are more heavily
impacted will take longer to recover.

Temporal patterns at larger spatial scales
have generally been ignored. They are particu-
larly important, however, because impacts tend
to proliferate and spread across the landscape
where use distribution is not tightly controlled.
For example, in two drainages in the Eagle Cap
Wilderness, the number of campsites increased
from 336 in 1975 to 748 in 1990 (Cole, 1993),
even though the condition of most of the sites
that existed in 1975 changed little between
1975 and 1990. Site proliferation occurs
because, as use shifts across the landscape,
new campsites appear more rapidly than old
campsites disappear.

Temporal patterns on trails and hiking
routes are likely to be similar, though they have
seldom been studied. Trail impacts occur rap-
idly; most segments on established trail systems
are generally stable (Fish et al., 1981; Cole,
1991); and recovery of closed trails is typically
slow, except where it is assisted (Eagen et al.,
2000). However, trail segments that are poorly
located or inadequately designed and main-
tained may deteriorate substantially. At large
spatial scales, impacts have increased over time
due to: (i) lack of recovery on re-routed trail
segments; and (ii) the pioneering of routes into
trailless places. This latter trend can be particu-
larly problematic because development of a
trail makes access easier, which can lead to a
cycle of ever-increasing use and impact.

Factors that influence magnitude of
impact

The types of research that have probably been
most useful to management are studies of the
factors that influence the magnitude of impacts
– why impacts are minor in some situations and
severe in others. The principal factors that influ-
ence intensity of impact (Fig. 4.6) are: (i) fre-
quency of use; (ii) type and behaviour of use;
(iii) season of use; and (iv) environmental con-
ditions, while area of impact is primarily a
result of the spatial distribution of recreation
use (Cole, 1981a, 1987). An understanding of
each of these influential variables suggests
strategies for managing the impacts of hiking
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Fig. 4.6. Factors that influence the intensity and area of impact and, therefore, the total amount of
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and camping on soils and vegetation (Cole et
al., 1987; Marion and Leung, Chapter 13, this
volume).

The relationship between frequency of use
and intensity of impact is generally asymptotic
(Fig. 4.7). At first, small increases in use fre-
quency cause pronounced increases in impact;
however, the rate of increase in impact de-
creases as use intensity increases. Where use is
light, sites that receive even small differences in
amount of impact can have very different
impact levels. However, where use is heavy,
sites that receive substantially different amounts
of use may have similar impact levels. Frissell
and Duncan (1965), the first researchers to doc-
ument this relationship in a field situation, con-
cluded that ‘if any use is to be allowed in the
wilderness areas, some immediate loss of the
natural vegetation will have to be tolerated’ (p.
258). Similar results have been found in numer-
ous field surveys of recreation sites and in
experimental studies. The further implication of
this relationship is that the magnitude of
impacts can usually be minimized by encourag-
ing the repetitive use of as small a number of
sites as possible (i.e. concentrating use) (Cole,
1981a). This strategy involves accepting a slight
increase in the intensity of impact to realize the
benefits of a large decrease in the area of
impact.

The type and behaviour of use can also
have a profound effect on both the type and
magnitude of impact. For example, campers
who build fires cause both more and different
types of impact than campers who do not build
fires. Several studies have compared the im-

pacts of hikers with those of groups who use
horses or llamas for transport. Generally, these
studies have found that horses cause more
impact than hikers or llamas, which cause
equivalent levels of impact (Cole and Spildie,
1998; DeLuca et al., 1998). Recreation ecology
research has provided the scientific foundation
for minimum-impact educational programmes
(Cole, 1989c). These programmes teach tech-
niques of trip planning, route selection, hiking
behaviour, campsite selection and camping
behaviour that minimize the per capita impacts
of use.

Season of use is a less critical factor for
hikers than it is for horses and heavy pack ani-
mals that can cause severe damage to trails and
meadows when soils are water-saturated and
plants are growing rapidly. During seasons
when snow banks are melting, hikers also need
to avoid walking off trail and on water-saturated
soils.

A substantial body of research has devel-
oped regarding characteristics that make differ-
ent environments more or less durable as
campsites or as trail locations. Experimental
applications of both trampling (e.g. Bayfield,
1979; Cole, 1995b) and camping (Cole, 1995c)
have been particularly insightful in building
this knowledge. Field surveys of trails and
campsites that develop correlations between
impact parameters and environmental vari-
ables have also been helpful (e.g. Leung and
Marion, 1999a,b). Experimental studies show
that some vegetation types can tolerate more
than 30 times as much use as others, with no
more damage (Cole, 1995a).

Experimental studies suggest that there is
an important difference between a site’s resis-
tance (its ability to tolerate use without being
damaged) and its resilience (its ability to
recover from damage). Cole (1995b) has
shown, for groundcover plants, that resistance
decreases with erectness and that broadleaved
herbs are typically less resistant than grass-like
plants and shrubs. Herbs growing in shade are
particularly intolerant of trampling because
adaptations to shading – possession of large,
thin leaves and tall stems – make these plants
vulnerable when trampled. This explains the
common finding that trampling of forested sites
generally results in more rapid loss of vegeta-
tion than trampling of open woodlands or
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and amount of impact is curvilinear (asymptotic).
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meadows. Low shrubs, such as heather, are rel-
atively resistant to trampling stress, but their
resilience is low. Once damaged, they recover
slowly. Grass-like plants are most tolerant of
trampling.

At the risk of overgeneralizing about a very
complex subject (refer to reviews in Cole,
1987; Liddle, 1997; Hammitt and Cole, 1998;
and Leung and Marion, 2000, for further
details), a few conclusions about site durability
seem warranted. Characteristics of durable
campsites and other nodes of concentrated use
include: (i) either lack of groundcover vegeta-
tion or presence of resistant vegetation (Fig.
4.8); (ii) an open, rather than closed, tree
canopy; (iii) thick organic soil horizons; or (iv)
a relatively flat but well-drained site. Marion
and Farrell (2002) also note the importance of
designing campsites to confine impacts to a
small area, in the absence of natural features
such as rocky terrain that serve this purpose.

Leung and Marion (1996) provide a useful
overview of knowledge regarding how environ-
mental characteristics influence trail condition.
Terrain and topography have a major influence
on trail conditions. Steep trail slopes, steep side
slopes and trail alignments in which the trail
directly ascends slopes all tend to be more
degraded, usually because more water is chan-

nelled, with more force, down the trail tread.
Trail problems are also common where soils are
fine-textured, stone-free and homogeneous, or
highly organic and where soils are poorly
drained or have high water tables. Trails also
tend to widen where the ground surface is wet
or rough (Bayfield, 1973).

Management and monitoring

Management and monitoring of trails and
campsites are covered in detail in Leung and
Marion (Chapter 14 this volume). The scientific
foundation for knowledge about effective man-
agement strategies was derived from hundreds
of studies of the nature and magnitude of
impacts, and how they are influenced by char-
acteristics of use and the environment. Along
with the experiential knowledge developed
from decades of implementing recreation man-
agement programmes, a wide array of effective
management strategies has evolved (Hammitt
and Cole, 1998). Similarly, decades of recrea-
tion ecology research, developing methods of
measuring impact, have contributed to the
campsite and trail monitoring methods em-
ployed today (Cole, 1983, 1989a; Marion,
1991; Leung and Marion, 1999b).
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Fig. 4.8. The area of vegetation loss on this campsite is small, due to the durability of the graminoid
vegetation cover.
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Conclusions and Future Directions

Although the field of recreation ecology is only
about 30 years old, somewhere around 1000
studies have been conducted. A majority of
these have focused on the impacts of hiking
and camping on recreation and soils. Specific
details about the nature, magnitude and spatial
aspects of impact vary with the context of every
situation (with amount and type of use, envi-
ronment, management, etc.). In addition, the
management objectives of every park, wilder-
ness or other tourist destination also vary.
Therefore, in every place where recreation
impacts are a concern, it is worthwhile to have
recreation ecology studies conducted in that
area, so results can be interpreted in reference
to the specific context and management objec-
tives of the area. However, in the absence of
site-specific studies and information, much
insight can be gleaned from generalizations
suggested by the recreation ecology literature.

Since the late 1970s, there have been sev-
eral attempts to synthesize the recreation ecol-
ogy literature. Each attempt, including this one,
is somewhat unique but there is substantial
consensus as well. The following five general-
izations are among the most important and
generally agreed upon.

1. Impact is inevitable with repetitive use.
Numerous studies have shown that even very
low levels of repetitive use cause impact.
Therefore, avoiding impact is not an option
unless all recreation use is curtailed. Managers
must decide on acceptable levels of impact and
then implement actions capable of keeping use
to these levels.
2. Impact occurs rapidly, while recovery
occurs more slowly. This underscores the
importance of proactive management, since it
is much easier to avoid impact than to restore
impacted sites. It also suggests that relatively
pristine places should receive substantial
management attention, in contrast to the
common situation of focusing most resources
in heavily used and impacted places. Finally,
it indicates that rest-rotation of sites (periodi-
cally closing damaged sites, to allow recovery,
before re-opening them to use) is likely to be
ineffective.
3. In many situations, impact increases more

as a result of new places being disturbed than
from the deterioration of places that have been
disturbed for a long time. This also emphasizes
the need to be attentive to relatively pristine
places and to focus attention on the spatial dis-
tribution of use. It suggests that periodic inven-
tories of all impacted sites is often more
important than monitoring change on a sample
of established sites.
4. Magnitude of impact is a function of fre-
quency of use, the type and behaviour of use,
season of use, environmental conditions, and
the spatial distribution of use. Therefore, the
primary management tools involve manipula-
tion of these factors.
5. The relationship between amount of use
and amount of impact is usually curvilinear
(asymptotic). This has numerous management
implications and is also fundamental to many
minimum impact educational messages. It sug-
gests that it is best to concentrate use and
impact in popular places and to disperse use
and impact in relatively pristine places.

New insights into recreation ecology have
been generated as researchers have adopted
multiple methodologies and expanded both the
temporal and spatial scales of analyses.
However, further progress is hampered by a
lack of theory and conceptual thinking. Now
that the field is 30 years old, the time seems ripe
for conceptual and theoretical work that can
build a framework for organizing the knowl-
edge gained from the multitude of idiosyncratic
field studies that have been conducted.

Two critical gaps in knowledge also limit
maturation of the field. First, research needs to
move beyond the easily observable and mea-
surable effects of recreation. In particular, we
need to better understand relationships be-
tween the physical, chemical and biological
effects of recreation on soil, and how these soil
impacts affect, and are affected by, plants. In the
absence of such knowledge, attempts to restore
damaged sites often fail. Plants are placed in
soil that has not held plants for a half-century
and the plants die (Moritsch and Muir, 1993).
Soil amendments are needed before plants can
survive (Cole and Spildie, 2000; Zabinski et al.,
2002). Restoration has been called the acid test
of our ecological knowledge (Jordan et al.,
1987) because our ability to restore ecosystems

Impacts of Hiking and Camping on Soils and Vegetation 55

BUCKLEY MAKE-UP  23/6/04  10:31 AM  Page 55



will be dependent on the depth of our under-
standing and insight into how ecosystems work.
By this definition, our understanding of recrea-
tion ecology is still wanting.

The lack of attention that recreation ecolo-
gists have given to the spatial aspects of recre-
ation impacts is also problematic. Impacts have
almost always been evaluated at the meso- or
site-scale. Populations and communities of
plants and soil pedons have been the primary
unit of analysis. We have generally done a good
job of describing impacts that occur at the
human scale. As mentioned above, lack of
research at smaller scales hampers our ability to
restore damaged sites. Lack of research at larger
spatial scales – regarding how landscapes and
regions are impacted by recreation – limits our
insight into the significance of recreation
impacts. How do we answer the ‘so what’ ques-
tions? Hiking and camping impacts on soil and
vegetation are generally severe but localized
disturbances. Evaluations of these impacts at
larger spatial scales would result in wiser
judgements about how much of a problem
these impacts are, and the most appropriate
balance between impacts and access for recre-
ation and tourism.
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Introduction

This chapter provides a state of knowledge
review of some of the most recent research con-
cerned with the environmental impacts of
horse-riding. Our perspective is derived from
studies carried out in the USA and Australia, but
the results and conclusions derived from this
work are applicable in the global situation. The
focus is largely on trail examples from the USA
but also considers the case of free range riding
in Australia. We provide the context of horse-
riding as a recreational activity and summarize
the spectrum of impacts brought about by rec-
reational horse-riding. This is followed by three
case studies concerned with the assessment
and measurement of impacts in important con-
servation areas. The case study from Yosemite
National Park in the USA considers the asso-
ciated impact of grazing effects, while the Big
South Fork study, also from the USA, highlights
impacts on trail networks. The final case study
explores the quantifiable damage to soils and
vegetation when horse-riding occurs in a
random dispersed fashion off-trail networks.
The final section of this chapter provides insight
into three different management situations. The
first relates to reducing impacts at campsites
used by horse-riders in the USA, the second
management perspective, also from the USA,
explores the management of horse-riding in a
multiple-use recreation area. The third manage-

ment scenario examines the management of
horse-riding in Australian protected areas.

Horse-riding as a Recreational
Activity

Horses originally evolved to live in open envi-
ronments in North America. Today wild equids
can be found living on the grasslands and
plains of Mongolia (Przewalski’s horse), the
Russian steppe (tarpan), and in the grasslands of
Africa (zebra). The domestic horse (Equus
caballus caballus) has been associated with
humans for about 4000 years. Initially utilized
for meat and their milk, domestication of horses
also meant they could be used as draft animals.
Once horses could be tamed and trained for
riding, they became inextricably linked with
humans and were used to carry people in
armed conflict and as a means of travel to new
lands. Recreational pursuits in the form of horse
racing are recorded from the time of the ancient
Greeks. Today horses are still used for a variety
of purposes, but globally their role as a recrea-
tional animal is highly significant as indicated
by the science, health aspects, business and
retailing, printed matter, clubs and societies
devoted to horses and associated activities.
Furthermore, horses have also been introduced
into a range of environments (e.g. forests) that
are quite different from those in which they
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originally evolved (grasslands and open areas).
These aspects raise three important points in
relation to the recreation ecology of horse
riding. First, horse-riding will continue to be a
significant recreational activity in an increas-
ingly crowded world with diminishing and
increasingly impacted natural ecosystems.
Secondly, horse-riding is seen by many as a
legitimate activity in natural areas that are
already under pressure from a variety of recre-
ational interests that may be competing for the
same space. Thirdly, protected areas are often
poorly funded and frequently lacking in ade-
quate management. This presents natural area
managers with the difficult task of achieving
conservation objectives in an atmosphere of
increasing recreational pressures.

Horse-riding today is a major tourist/
recreational activity and takes place in a wide
spectrum of environmental situations and
countries. Horse-riding tours and treks, for
example, are widely marketed and available in
Australia, New Zealand, Scotland, Spain, USA,
Canada, Thailand and South Africa. Such tours
are often combined with other activities such as
camping and fishing. In addition to this, partic-
ularly in the USA, Europe and Australia, there
are a large number of private individuals and
horse-riding clubs (e.g. 1.3 million people
engage in horse-riding activities each year in
the UK), who seek to ride in natural areas such
as local open spaces, nature reserves and
national parks. In these areas horse-riders can
utilize multipurpose trails, specifically desig-
nated horse trails that non-horse-riders may or
may not use, and engage in cross-country
riding where there is no designated pathway.
Even though, in many cases, access is approved
and available to horse-riders, conflicts continue
to arise in two situations. The first concerns
conflicts where other users, such as hikers and
mountain-bike riders, object to impacts such as
horse faeces on the track, the increased inci-
dence of flies that are attracted to dung, and the
sheer presence of large domestic animals in
conservation reserves. Secondly, non-horse-
riders also state that the erosion caused by
horse-riding far exceeds any that is caused by
other users, such as cyclists or hikers.
Moreover, these assertions are supported by
research (for example, see Dale and Weaver,
1974; Wilson and Seney, 1994; Deluca et al.,

1998). The fact that horse-riders (lobby groups
and commercial operators) argue they also
have the right to use reserved areas brings them
into potential conflict with natural area
resource managers over issues of restricted
access to reserved areas, perceived environ-
mental impacts and the fact that managers have
to respond to complaints from non-horse-users.

Newsome et al. (2002) considered the
experience horse-riders sought or operators
marketed in the context of Australian national
parks. The experience is advertised by many
commercial horse-riding operations as an ‘eco-
tourism experience’. Horse-riders wish to expe-
rience natural environments and enjoy working
with the animals as they move through the
landscape, but Newsome et al. (2002) ques-
tioned whether this really reflected ecotourism,
where minimal impact is the key feature in
entering and utilizing natural areas. In con-
trast to a dominantly environmentally sensitive
approach, the image portrayed in many horse-
riding operations is more of a historical pio-
neering concept. There is now irrefutable
evidence that horse-riding is an environmen-
tally damaging activity (e.g. Widner and
Marion, 1993; Phillips and Newsome, 2002). It
also appears that in many cases horse-riders are
indifferent to or unaware of their effects on the
environment (UK CEED, 2000; D. Newsome,
personal observation).

In the USA, horse-riding has been an
important recreational activity for more than a
century. At one time, packstock (primarily
horses and mules) were the primary mode of
transportation in large wild lands (e.g. wilder-
ness areas and the backcountry of national
parks). Packstock were such a traditional part of
wilderness recreation that Leopold (1921)
defined wilderness as lands large enough to
absorb a 2-week packstock trip. Similarly,
when Sumner (1942) first introduced the carry-
ing capacity concept (referred to as the recrea-
tion saturation point) he was commenting on
concerns about excessive packstock use in
California’s Sierra Nevada. Packstock use of
wilderness lands probably exceeded back-
packer use until sometime in the 1960s
(McClaran and Cole, 1993). However, the pro-
portionate increase in backpacker use results
more from increased backpacking than from
decreased use of packstock. McClaran and
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Cole (1993) estimated that about 11% of wild-
erness use in the USA, in 1990, was by people
with packstock.

In wildlands of the USA, some horse-
riding involves people riding horses for the day.
This use causes impacts to the trails and to any
places where people stop and tie up their
horses. Much more problematic, however, are
the impacts that occur when riders take over-
night trips. On such trips, riders bring along
pack animals, to carry their gear, as well as the
animals they ride on. In the past, some groups
rode through the wilderness with more than
100 animals, and outfitters would sometimes
leave their horses and mules in the backcoun-
try for the entire summer. Today, most wilder-
ness areas place limits on the maximum
number of animals in one group. However, the
most common limit, 25 animals (Cole, 2002), is
suggestive of the magnitude of impact that a
single group can still cause.

In addition to damage to trails, overnight
stock use damages campsites and grazing areas
(Cole, 1983). Horses are usually allowed to
graze freely and they need to be confined for
long periods. While grazing, they defoliate
plants, urinate and defecate, and trample soils
(McClaran and Cole, 1993). The soils of mead-
ows, where forage is abundant, are frequently
moist, making them particularly prone to tram-
pling impact. They are often tied to trees, which
results in loss of soil and damage to tree roots.
Sometimes, they are tethered to a stake in the
ground. Unless they are moved frequently, this
can also be highly damaging. Less destructive –
but still problematic – confinement techniques
include tying stock to a rope tied between trees
(a high line) and confining stock inside an elec-
tric fence.

Overview of Environmental Impacts

Horses have the potential to cause consider-
able damage to soils and vegetation (Table 5.1).
While many of these impacts can also be
caused by hikers, impacts caused by horses
generally occur to a greater degree. Horse-
riding impacts are quantitatively greater than
those caused by walkers (e.g. see Liddle, 1997).
There is also a qualitative difference, in the
sense that certain types of impacts, such as

grazing and confinement, are unique to horse-
riding.

Of all the impacts that have been iden-
tified, the most common and widely recog-
nized is the ground-level damage caused by
horses’ hooves. The main problem is the large
force applied to the ground because the horse’s
weight is transferred to ground level on four rel-
atively sharp points – the hooves. As the horse
and rider move along a trail or across vegeta-
tion there is much potential for the activity to
damage vegetation and soils, particularly in
fragile plant communities.

Direct impacts on horse trails include
damage to stable soil systems, in the form of
displaced sediments and surficial soils. Horses’
hooves dig into the surface, pushing particles
across the surface. This is often associated with
some form of compaction in clay soils, but pre-
dominantly manifests as displacement in sandy,
weakly cohesive soils. As Wilson and Seney
(1994) noted, a critical issue in bringing about
erosion is the detachment of soil particles that
can then be readily transported by water, espe-
cially on steep slopes. Figure 5.1 illustrates the
way surficial soil is damaged by horses’ hooves.
The hoof incision has destabilized the surface,
displacing soil to one end and forming a
depression at the other. The displaced soil can
be mobilized more easily because any organic
layers are disrupted and/or surface crusts are
broken, allowing rain-drop splash dispersion of
soil particles to be more effective. Soil structure
is also broken down, especially at the embed-
ded end of the hoof print (Fig. 5.1). In fine-
grained and organic soils, such depressions can
fill with water and can become quagmires with
frequent horse use. On sloping ground and in
wet climates the displaced soil is readily mobi-
lized and can be transported downhill. Such
processes can lead to deepening of trails and
trail proliferation as users seek to avoid wet
and/or deeply incised segments of trail.

Such trail degradation also constitutes a
social and potential ecological impact. Other
users find degraded trails unsightly and not in
keeping with the overall concept of natural area
integrity. Other users of such degraded trails may
exacerbate the situation by developing parallel
informal trails in order to avoid unsafe, deeply
incised or boggy segments. Widespread erosion
problems may undermine the soil-rooting zone
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of nearby vegetation, causing localized loss of
individual plants and an extension of the erosion
problem, as the protective function of plant
cover continues to be lost. The extent to which
all of this occurs is somewhat dependent on the
intensity and frequency of use, although even
low levels of usage can cause significant
damage (Phillips and Newsome, 2002). Clearly,
if large numbers of horse-riders utilize a wide
area there is a greater degree of biophysical
impact and area at risk of being impacted.
However, the level of damage is also dependent
on the nature of soils, slope, climate, relative
sensitivity of the vegetation and the effectiveness
of any management that may be in place. Horse-
riding that takes place on erodible soils in
steeply sloping terrain in the absence of man-
agement constitutes a major impact risk.

Ecosystem-level impacts can especially
occur when there is widespread damage to veg-
etation as a result of trampling or the acciden-
tal spread of introduced organisms. Plant

damage should not be a feature on designated
trail systems except where trail proliferation has
occurred in response to trail degradation, or
where horses are allowed to stray off the trail.
Loss of vegetation height and cover readily
occurs where horse-riding occurs off desig-
nated pathways (Weaver and Dale, 1978; Cole
and Spildie, 1998; Newsome et al., 2002).
Vegetation is particularly at risk where upright
and shrub forms readily snap in response to
trampling. This, in combination with slow-
growing species/plant communities that are
adapted to coping with natural limiting factors
such as aridity, low temperatures and nutrient
poverty, means that the vegetation is likely to
have a long recovery time and may even con-
tinue to die after the initial impact has occurred
(Whinam and Comfort, 1996; Whinam and
Chilcott, 1999; Newsome et al., 2002; Phillips
and Newsome, 2002).

Local-scale impacts can evolve into larger
scale impacts as a result of widespread erosion,
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Table 5.1. Environmental impact of horse-riding in natural areas.

Recognized impacts

Activity

Multiple-use trails ✓ ✓ ✓ ✓ ✓** ✓ ✓** ✓ ✓ ✓ �✓� ✓ ✓

Designated horse-riding ✓ ✓ ✓ ✓** ✓ ✓** ✓ ✓ ✓ �✓� ✓ ✓

trails
Cross-country riding (no ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

designated pathway)
Horse party camping ✓* ✓ ✓ ✓ ✓ � ✓ ✓ ✓

and tethering sites

* If also used by other recreationists; ** if horses stray off trails; � weed communities often well established.
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Fig. 5.1. Hoof imprints on a multiple-use trail following a single horse pass in John Forrest National
Park, Western Australia.
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weed invasion and the introduction of fungal
pathogens. For example, Fig. 5.2 illustrates how
pathogenic organisms may be translocated
from an infected area to what was a disease-
free area. This is a pertinent issue in Western
Australia, where the accidental transport of
fungal pathogens poses a serious risk to biodi-
versity (Newsome, 2003). Because horses dis-
turb soil, particles can be readily transferred
from place to place on their hooves. The pres-
ence of horses in conservation areas that are at
risk because of existing infection by exotic
organisms thus poses a major risk of exacerbat-
ing the problem and/or spreading the problem
from one site to another. Soil erosion on horse
trails can therefore bring about wider and
extended impacts if soil is moved from one site
to another.

Assessing and Measuring the
Environmental Impacts of Horse-

riding

Grazing impacts to subalpine meadows in
Yosemite National Park, USA

The lack of empirical information regarding the
effects of grazing by recreational packstock on
remote meadows in wilderness and national
parks was the motivation for a study of grazing
impacts in Yosemite National Park (Cole et al.,
2004). Three different meadow types were stud-
ied: (i) a high elevation (3100m), xeric shorthair
sedge (Carex filifolia) meadow; (ii) a somewhat
mesic shorthair reedgrass (Calamagrostis bre-
weri) meadow (2600m); and (iii) a more mesic

tufted hairgrass (Deschampsia cespitosa) mea-
dow (2285m). None of the specific meadows
that were studied had been grazed in the past
century.

In each of the three meadows, horses and
mules were allowed to graze at specified inten-
sities each year for four successive years. The
intention was to have four replicate blocks of
four grazing intensities (0, 25, 50 and 75%
forage removal) in each meadow. This was
accomplished by tethering animals to a stake,
using a 4-m-long rope, for as long as was
required to remove the target level of forage.
This produced ~50m2 grazing plots, which
were monitored before and after grazing for
each of the 4 years of grazing, as well as 1 year
after the final grazing treatment (Fig. 5.3).

As described in Moore et al. (2000), graz-
ing at these intensities caused substantial
changes in meadow conditions. In all three
meadows, meadow productivity (vegetation
biomass 1 year after grazing) was reduced signif-
icantly after the second season of grazing. Other
changes apparent in all meadows after two sea-
sons were increases in basal cover of bare soil
and changes in species composition. Basal veg-
etation cover declined in one meadow, but not
the others.

The most consistent and predictable im-
pact of grazing was the reduction in meadow
productivity. In the shorthair sedge meadow, for
example, our data fit the regression equation
Y�16�0.0075X�0.02X 2, where X is the per-
centage of biomass removed by grazing and Y
is the percentage decline in productivity (r2�
0.68). Based on this type of data, managers can
establish grazing intensities that are likely to
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Fig. 5.2. Direct, indirect and potential extended biophysical impacts of horse-riding in Australian
ecosystems.
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avoid unacceptable impacts on meadow pro-
ductivity. In the three meadows we studied, if a
limit of 10% decline in productivity is estab-
lished, maximum permissible levels of forage
removal range from 17% in the tufted hairgrass
meadow to 36% in the shorthair sedge
meadow. A common rule of thumb for grass-
land vegetation is to leave 50% of the biomass
at the end of the grazing season. Our data sug-
gest that this level of defoliation would result in
a loss of productivity on the order of 25–30%
in these meadow types.

Much less consistent and predictable were
changes in species composition. Although dif-
ferences in species composition between
grazed plots and control plots increased with
each successive season of grazing, ordinations
suggest that the magnitude of shift in composi-
tion due to grazing was minor. Using canonical
correspondence analysis, plots and species
were ordinated such that the first axis of the
ordination was constrained to reflect grazing
intensity (percentage utilization). Eigenvalues
for the first axis indicate that, after 4 years of
grazing, grazing intensity explains only 6–10%
of the variation in species composition
between plots. Eigenvalues for the second axis,
not constrained to reflect grazing intensity, are
three to five times as great. The ordination of

plots and species (Fig. 5.4) shows little variation
between plots, no consistent distinction
between control plots and plots grazed at dif-
ferent intensities, and little influence of grazing
intensity on composition.

In detrended correspondence analysis,
axes are not directly constrained to reflect graz-
ing intensity. We did multiple regression analy-
ses using first- and second-axis detrended
correspondence analysis (DCA) scores as the
dependent variable and percentage utilization,
seasons grazed and dummy variables for repli-
cate blocks as independent variables. In all
meadows, the influence of grazing intensity
was minimal, with replicate block usually
being the primary influence on species compo-
sition. Plot ordinations typically showed plots
clustered by replicate block rather than treat-
ment. Together, these analyses suggest that spe-
cies compositional changes due to grazing,
although measurable, were less substantial
than compositional differences between repli-
cate blocks that existed prior to grazing.

Given that species compositional change
was small in magnitude, it is not surprising that
effects of grazing on species diversity measures
(species richness, Shannon’s evenness and
Shannon’s diversity) were generally small and
inconsistent. In all three meadows, variation
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Fig. 5.3. Researchers taking field measurements on grazed plots in the shorthair reedgrass meadow,
Tuolumne Meadows, Yosemite National Park, USA.
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between years in mean number of vascular
plant species per 1.25m2 sample was virtually
identical on grazed and control plots. Grazing
reduced the relative cover of graminoids in all
three meadows, but differences were statisti-
cally significant only in the shorthair reedgrass
meadow. No other growth forms differed signif-
icantly between grazed and ungrazed plots.

This case study illustrates the difficulties of
conducting research on the impacts of grazing.
Environmental heterogeneity, variation in the
behaviour of grazing animals, the lag time
between cause and effect and the need to
assess long-term effects, all conspire to reduce
the precision of attempts to estimate the likely
effects of specific levels of grazing. Never-
theless, this research clearly shows that even
modest levels of grazing can cause substantial
impacts to meadows intended for preservation.
Moreover, these data provide a first approxima-
tion of the likely effects of specific grazing

intensities. It also suggests that monitoring of
productivity (biomass) may be more effective
than monitoring species composition.

Assessing and monitoring the impacts of
horse use in a multiple-use recreation

area: Big South Fork, USA

The Big South Fork National River and
Recreation Area is a US National Park Service
unit encompassing 50,588ha in northern
Tennessee and southern Kentucky. The area
consists of upland plateaux separated by cliff
lines from deeply cut river and stream drain-
ages. Big South Fork (BSF) receives nearly
900,000 visitors annually, with trail-related
activities accounting for a large portion of total
use. The area has 365km of trails and primitive
roads that have become popular among horse-
back riders, although off-road/all-terrain vehi-
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Fig. 5.4. Ordination of plots and species, using canonical correspondence analysis, after 4 years of
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grazing intensity on species composition. (After Cole et al., 2004.)
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cle (ORV/ATV) use and hiking are also common
recreational activities. Preparation of a road
and trail management plan prompted research
to develop and apply trail impact assessment
and monitoring methods, which are considered
here.

Many of Big South Fork’s trails are multiple
use, including many that receive heavy horse
traffic and/or motorized uses. Resource impacts
associated with these activities are substantial
on some trails, few of which have received ade-
quate management work, due to limited
agency budgets and staffing. Trail system
impacts are further aggravated by: (i) highly
erodible soils and steep terrain; (ii) improper
construction and maintenance; (iii) inappropri-
ate stream crossings; (iv) high use by horseback
riders and motorized vehicles; and (v) improper
location (e.g. steep grades or floodplain set-
tings). Lack of information regarding horse-trail
use and impact, and the identification and
management of sustainable horse trails,
prompted managers to issue a moratorium on
new horse-trail construction. This research
sought to provide essential information for
planning and management decision-making
purposes by: (i) identifying and characterizing
current resource impacts through development
of trail-monitoring procedures; (ii) collecting
baseline data from a random sample of Big
South Fork trails; and (iii) conducting relational
analyses to evaluate the role and influence of
causal and non-causal factors to inform the
selection of effective management interven-
tions.

The park’s Geographic Information System
included a database for roads and trails.
Improved roads and graded gravel roads were
removed from the sample population, along
with some gravelled 4-wheel drive roads not
considered part of the recreational trail system.
Longer trails were subdivided into 9.5km seg-
ments to avoid undersampling. This process
yielded a sample population of 365km and 182
segments, from which a statistical randomizing
procedure was used to select a 34% sample.
This large sample (48 trail segments, 124km)
was necessary to ensure adequate representa-
tion of diverse use-related, environmental and
managerial factors, and adequate documenta-
tion of baseline conditions for comparison with
future monitoring. A knowledgeable park man-

ager assigned percentage use estimates for each
use type (horse, ATV and hiking) to each sur-
veyed segment; segments with 75% or more
use from a single-use type were categorized as
representative of that type of use for analyses
(including 91km of trails).

Elements of two trail survey methodologies
were integrated in developing monitoring pro-
cedures for the BSF. A point measurement
method with a systematic sampling scheme at
152m intervals, following a randomized start,
was the primary method (Leung and Marion,
1999b; Marion and Leung, 2001). At each
sample point, a transect was established per-
pendicular to the trail tread, with endpoints
defined by visually pronounced changes in
non-woody vegetation height (trampled versus
untrampled), cover, composition, or, when veg-
etation cover is minimal or absent, by distur-
bance to organic litter. Representative photo
sets were used to promote consistent judge-
ment. The objective was to select boundaries
that contain the majority (>95%) of traffic.
Temporary stakes were placed at these boun-
daries and the distance between was measured
as tread width. Maximum depth from a taut
string, tied to the base of these stakes, to the trail
surface was measured as maximum incision, an
indicator of soil erosion (Farrell and Marion,
2002). Tread composition characteristics (e.g.
vegetation cover, organic litter, soil, mud, rock)
were defined to be mutually exclusive and
assessed as a percentage of tread width.

A problem assessment method was inte-
grated into the monitoring procedures to
provide census information on specific trail-
impact problems, including excessive erosion
and muddiness (Leung and Marion, 1999c).
Excessive erosion was defined as sections of
tread (>3m long) with tread incision exceeding
13cm. Excessive muddiness was defined as
sections of tread (>3m long) with seasonal or
permanently wet, muddy soils that show
imbedded foot- or hoof prints (>1.3cm deep).
This approach provides data on the frequency,
lineal extent of occurrence, and location of
specific pre-defined problems, facilitating
management efforts to rectify such impacts. A
trail-measuring wheel was pushed along each
trail to measure distance to each sampling
point and beginning/ending distances of each
trail problem.
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Representative monitoring data are pre-
sented in Tables 5.2 and 5.3 and Fig. 5.5, to
illustrate the types of trail condition data
yielded by the two survey methods. The point
sampling method provides the most efficient,
accurate and precise measures for monitoring
trail characteristics that are continuous (e.g.
tread width, incision and composition)
(Marion and Leung, 2001). For example, Table
5.2 compares tread width, incision and mud-
diness measures taken at sampling points for
horse, hiking and ATV trails. Horse trails were
significantly wider (2.5�) and deeper (3.3�)
than hiking trails, although ATV trails were in
the poorest condition (Table 5.2). Muddiness
was not a problem on hiking trails but, on aver-
age, 9.3% of horse-trail treads were muddy. An
examination of tread compositions for the dif-
ferent trail use types (Fig. 5.5) reveals other
substantial differences. Organic litter com-
prised an average of 61% of tread surfaces for
hiking trails, reduced to 32% on ATV and 25%
on horse trails. Gravel, applied on high-use
horse trails to enhance their resistance, com-
prised 19% of horse trail tread substrates.
Interestingly, hiking and horse trails had 5%
vegetation cover but ATV trails had more than
four times as much (Fig. 5.5). Field staff attrib-
uted this to the growth of vegetation between

wheel ruts and to vegetative recovery occur-
ring between the autumn, when most of the
hunting-related ATV use occurs, and early
summer, when fieldwork was conducted.
These data may also be used for comparing
conditions among different trails, or for the
same trail or group of trails over time.

A problem assessment method is a pre-
ferred method for characterizing uncommon
characteristics (e.g. muddiness) and for docu-
menting the frequency, lineal extent and loca-
tion of specific trail-impact problems (Marion
and Leung, 2001). Horse trails were intermedi-
ate in the number of occurrences of soil ero-
sion (4.8/km) and lineal distance (69m/km) but
had the greatest lineal extent (3302m), due to
the larger sample size of horse trails (47.9km)
(Table 5.3). ATV trails were the most severely
eroded, however, with 23m/km of soil erosion
exceeding 13cm, 24% of their length.
Similarly, horse trails were intermediate in the
number of occurrences of excessive muddi-
ness (4.2 per km) and lineal distance (79
m/km), though similar to that of ATV trails (78
m/km) (Table 5.3). Muddiness affected only
1% of hiker trails but was more prevalent on
horse trails (8%) and ATV trails (11%). These
results are similar to those found in other
studies (see Table 5.1 and Fig. 5.1), which have
concluded that horse impacts to trails are sim-
ilar to, but more pronounced than, hiking
impacts (Nagy and Scotter, 1974; Weaver and
Dale, 1978; Cole, 2002; Newsome et al.,
2002).
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Table 5.2. Big South Fork trail condition
assessment data from the point sampling method.

ANOVA
statistic

Indicator N Mean F P

Tread width (cm) 273.2 0.000
Horse 276 208 (a)1

Hiker 300 82 (b)
ATV 29 238 (c)

Max. incision (cm) 49.7 0.000
Horse 276 7.7 (a)
Hiker 300 2.3 (b)
ATV 29 9.7 (a)

Muddiness (%) 15.6 0.000
Horse 276 9.3 (ac)
Hiker 300 0.0 (b)
ATV 29 2.6 (c)

ATV, all-terrain vehicle.
1 Means with the same letters are not statistically
different; Duncan’s test (P�0.05).

Table 5.3. Big South Fork trail condition
assessment data from the problem assessment
method.

Occurrences Lineal distance

Indicator (No.) (No./km) (m) (%) (m/km)

Soil erosion
Horse 232 4.8 3302 7 69
ATV 30 6.8 1039 24 236
Hiker 53 1.4 565 1 15

Muddiness
Horse 203 4.2 3762 8 79
ATV 29 6.6 345 11 78
Hiker 15 0.4 234 1 6

ATV, all-terrain vehicle.

BUCKLEY MAKE-UP  23/6/04  10:31 AM  Page 70



Quantifying horse-riding damage to soils
and vegetation: D’Entrecasteaux National

Park, Western Australia

D’Entrecasteaux National Park is situated on
the southern coastline of south-west Western
Australia. Soil-vegetation systems comprise
various age fixed dune communities that con-
tain a mosaic of vegetation types, ranging from
heath and low sedgelands to woodlands and
forests. At present, casual public horse-riding is
prohibited in the park, but commercial horse-
riding tours are allowed, according to a permit
system that allows for riding on ‘off-road’ vehi-
cle and designated bridle trails. In addition to
this, free-range or off-track riding is allowed in
designated areas where low, open vegetation
occurs. Until recently there were no data on the
nature and degree of damage to soils and vege-
tation as a result of horse-riding in the park or
anywhere else inWesternAustralia. Experiments
carried out by Phillips (2000) and Phillips
and Newsome (2002) quantified horse-riding
damage on transects under controlled condi-
tions, and provided an important reference point
from which to assess the nature of horse-riding
impacts where horses ride in un-tracked areas.

The assessed parameters were soil micro-
topography, penetrometry, species composition
and extent of bare ground, vegetation cover
and height of vegetation. Changes to all param-
eters occurred after only very low levels of
horse trampling.

Figure 5.6 shows a typical cross-sectional
profile of changes in soil surface condition fol-
lowing various intensities of horse trampling. In
the most impacted central portion of the tram-
ple line, microtopography has decreased by
17.9mm between 0 and 300 horse passes (Fig.
5.7). These changes demonstrate the capacity
for soil disturbance. The same transect line also
showed a decrease in soil penetration resis-
tance from baseline condition, reflecting a
dominance of soil loosening and particle
detachment (Fig. 5.8). However, in most cases
horse trampling, will result in soil displacement
in association with some degree of soil com-
paction (see Fig. 5.1). This combined feature of
horse damage to soils is evident in the data set
provided by Phillips and Newsome (2002),
where transect line DE1 shows a decrease in
soil penetration resistance, contrasting with
transect line DE3, which shows a progressive
increase in soil compaction with increasing
intensities of horse passes.

The changes in soil surface condition men-
tioned before are also reflected in a progressive
increase in bare ground. Data collected from
transect line DE2 show a baseline condition of
5.4% bare ground, increasing to 8.9% follow-
ing 20 horse passes. This value increased to
25.6% after 300 passes. Changes in the relative
frequency of various plant species are also evi-
dent, with the low-growing (<60cm) shrub
Loxocarya cinerea decreasing from 65.9% to
56.7%, and Pimelea rosea decreasing from
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17.8% to 9%, following 300 horse passes (Fig.
5.9). The data clearly demonstrate the potential
for change in species composition.

Figure 5.10 shows the corresponding loss
in overlapping vegetation cover on transect
DE2. Cover declined from 122% to 112% fol-
lowing 20 horse passes and was reduced to
56% following 300 passes (Fig. 5.11). Struc-
tural changes to vegetation are depicted in Fig.
5.12. The largest decrease in vegetation height,
along the most impacted central portion of the

trample line, occurred between 0 and 100
horse passes (Fig. 5.13). In comparing these
data it is noteworthy that a tenfold increase in
horse use decreased cover by about 50%,
whereas a fivefold increase reduced vegetation
height by about 50% (Figs 5.11 and 5.13), dem-
onstrating that structure is rapidly altered and is
a sensitive indicator of horse-riding damage to
vegetation (Fig. 5.14).

The changes and damage to soils and veg-
etation described here are especially important
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in sensitive environments that exhibit slow
recovery rates and low resilience, as in the case
of arctic–alpine areas, many arid environments
and in the nutrient-poor ecosystems of much of
Australia. Moreover, soil movement both on
and off designated tracks is a critical issue in
those ecosystems that are vulnerable to plant
disease and important as biodiversity hotspots,
as in the case of Western Australia.

Managing the Environmental Impacts
of Horse-riding in Natural Areas

North American perspectives 1: the case
of a confinement strategy for reducing

impacts at campsites

Cole (2002) provides an overview of the
five primary strategies available for managing
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packstock impacts in wilderness areas and
national parks in North America. Amount of
use can be reduced, for example by prohibiting
stock use or by closing overgrazed meadows.
Behaviour can be changed, either through
restrictions or low-impact education. Criti-
cal behaviours include group size, stock-

confinement techniques, carrying feed, and
steps to insure against the introduction of exotic
species. The timing of use can be managed. It is
often critical for horses to stay off trails and out
of meadows shortly after snowmelt, when soils
are water-saturated. Trail impacts, particularly,
can be mitigated by hardening trails, such as
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reinforcing the trail with log cribbing. Finally,
impacts can be confined by only allowing stock
use on certain trails and in certain locations.

Management generally involves balancing
demand for access with the desire to avoid
impairment of the natural environment sought
out by ecotourists. Particularly where tourist
activities have a high potential to cause impact,
as is the case with horse-riding, confinement of

activities is a highly effective way to minimize
impacts without curtailing use. This manage-
ment strategy has also been referred to as use
concentration and use containment (Cole,
1981; Leung and Marion, 1999a; Marion and
Farrell, 2002). A good example of the efficacy
of this strategy is provided in the following case
study of Seven Lakes basin in the Selway-
Bitterroot Wilderness, USA, a destination area
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in which there were excessive numbers of
campsites, many of which were severely
degraded by stock use (horses and mules).
More detail on this case example can be found
in Spildie et al. (2000).

The Seven Lakes basin (an area of about
500ha) contains 11 lakes and is located at an
elevation of 1860–2000m. It can be accessed
within 1 day but requires a climb of about
1000m in the last 10km of the 19km trail. Use
levels in the basin are moderate. Records show
that there are virtually never more than four
other groups in the basin at one time. Monitor-
ing showed that previous recreation use, partic-
ularly by groups with packstock, had left 26
substantially impacted campsites in the area.
Associated with these campsites were 47 dis-
tinct stock-holding areas that had been dam-
aged by tying horses and mules to trees, often
overnight. Management objectives were to
reduce campsite density by about 50%, elimi-

nate most of the stock-holding areas and
reduce the number of intensively impacted
campsites, while leaving at least one campsite
open for stock use at each of the major lakes.

These objectives were to be met by imple-
menting the following management actions: (i)
the designation of three day-use stock contain-
ment areas and six overnight stock containment
areas, where stock were to be tethered between
designated trees with a high line, rope or elec-
tric corral; (ii) the prohibition of stock contain-
ment on other campsites or other parts of
designated campsites; and (iii) the prohibition
of all camping on four campsites. Tying stock
directly to trees or in places where tree roots
can be damaged was prohibited. Stock num-
bers were limited to a maximum of ten animals
per group. Regulations on where to camp and
contain stock were communicated to the
public on a brochure, signs on bulletin boards
at the trailhead and at the entry point to the lake
basin on all trails, in local newspapers and by
frequent visits of wilderness rangers to the area.
Compliance was enforced through special
orders and heavy ranger presence.

Some trails in the basin were recon-
structed; about 1km of trail was re-routed, and
another 1km of trail was closed and rehabili-
tated. Two bridges were built. Forty-seven
former stock-holding areas were closed to stock
containment. These areas were generally adja-
cent to clumps of trees with roots and mineral
soil exposed by decades of tying horses to trees.
These 47 areas were on 12 campsites that were
closed to stock use, six campsites that remained
open to stock use and one former campsite
where day-use containment only of stock was
allowed. Designated high-line trees were
signed at each of the six open stock campsites
with a designated stock-holding area and the
three day-use stock-holding areas. These camp-
sites, where stock use was still allowed, were
signed, as were four campsites that were closed
to all use. Most closed areas were intensively
restored. Seeds were collected, and about 2000
seedlings of three species were propagated in
nurseries and packed up to the basin. Soils
were scarified, organic matter was added to
soils, and large rocks were used as ‘icebergs’
(placed to protrude from the ground, making
the site undesirable for camping). Stumps were
flush-cut and tree wells were filled with soil.

76 D. Newsome et al.

Fig. 5.14. Experimental transect (DE1) in
D’Entrecasteaux National Park, Western Australia,
showing damage to vegetation following 200
horse passes. (From Phillips, 2000.)
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Pitch and charcoal were applied to trees to
minimize evidence of tree scarring. Propagated
seedlings, locally collected seed and local
transplants were used to revegetate areas.
Finally, some areas were covered with a mulch-
ing material. Campsite impact conditions were
monitored over the period.

This work was largely accomplished, over
a 5-year period, by two people who shared one
seasonal wilderness ranger position. They were
assisted by volunteer crews who provided a
total of almost 4000 person hours of volunteer
labour over the 5 years.

In its first 5 years, the Seven Lakes basin
restoration programme was highly successful in
reducing impacts associated with camping.
Campsite densities decreased slightly. The mag-
nitude of impact decreased on virtually all
campsites and decreased greatly on many sites.
In just 5 years, the total area of disturbance in
the Seven Lakes basin decreased by 37%, from
3518m2 to 2205m2. Total bare area (places
devoid of vegetation) decreased by 43%, from
1222m2 to 699m2. Disturbed area and bare
area declined by at least 10% on 16 of the 26
campsites. Tree scarring declined, although pri-
marily from masking scars with pitch and char-
coal. Vegetation cover has increased and
mineral soil exposure has decreased. Only root
exposure has worsened. Moreover, if the man-
agement programme is continued, the greatest
positive changes are still to come. Disturbed
area and bare area are likely to decline in a few
decades to just 36% and 24%, respectively, of
what they were in 1993.

Most of these positive changes came from
confining where camping could occur, particu-
larly by groups with packstock. Improving con-
ditions on former stock-holding areas have
more than compensated for the increased
impact on newly designated stock-holding
areas. The closure of some campsites to all use
and efforts to reduce the size of open camp-
sites, through both closure and restoration of
portions of large sites, have also been highly
effective. Reductions in maximum group size
have undoubtedly contributed to success. For
these benefits to continue or increase in the
future, the programmes need to remain in
effect.

These management actions clearly reduce
the original freedom that horse-riders had to go

and to camp wherever they wanted. However,
since there are no limits on amount of use, no
lakes where camping is not allowed, and no
groups excluded from visiting the basin, expe-
riential costs seem minor. Fiscal costs of this
programme are another matter. The 5-year costs
exceeded US$135,000, although the Forest
Service was able to reduce out-of-pocket costs
by more than 50% by using volunteer groups
extensively.

In conclusion, the Seven Lakes basin man-
agement programme illustrates that the con-
finement strategy can be highly effective,
particularly with types of use that have high
impact potential, such as stock groups. It also
illustrates the need to prevent problems in the
first place, rather than attempt to correct them
after they have already occurred, particularly
with the types of use that can cause substantial
disturbance. It is important to anticipate where
impact is likely to occur and to take effective,
preventive actions, even if they need to be
restrictive. Finally, in addition to being costly,
restoring recreation impact will be a slow and
never-ending process. At Seven Lakes, the man-
agement programme can now shift into a main-
tenance mode. However, in the maintenance
mode, restrictions must be kept in force, and
frequent ranger presence is still needed to
obtain reasonable compliance. Given the mini-
mal budgets for on-the-ground management,
even the maintenance mode will stretch avail-
able resources.

North American perspectives 2: the
horse-trail management experience at

Big South Fork

The trail assessment and approaches to moni-
toring discussed earlier set the scene for the fol-
lowing comments relating to issues surrounding
horse-trail management at Big South Fork.
Historically, the application of gravel to replace
or cap wet or eroding tread soils has been the
primary management response at Big South
Fork. Initial work along riparian trails that had
become muddy quagmires employed full-size
bulldozers and dump trucks to replace wet soils
with up to 30cm of gravel (up to 3cm in diam-
eter). Horseback riders complained about the
use of these ‘road-construction’ techniques,
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particularly the excessive trail width and clear-
ing of vegetation. The use of gravel also drew
complaints, though after several years the gravel
packed down and became less conspicuous
and artificial in appearance. Vegetation growth
has narrowed the treads, which have remained
in excellent condition despite heavy horse traf-
fic. Seasonal mowing, vegetation trimming and
occasional grading are the only maintenance
actions required on gravelled horse trails in flat-
ter terrain.

The park maintenance division recently
purchased narrower-gauge equipment for trail
construction and maintenance work. Current
horse-trail standards for high-use trails call for
hard surfaced (gravel) treads 1.8–2.4m wide,
with water-bars constructed of a soil and gravel
mixture. Vegetation clearing is 4.5m wide by
3m high. Standards for intermediate-use trails
call for application of gravel only as needed for
muddy or eroding sections. Tread width is
1.8–2.4m wide, with earth water-bars and veg-
etation clearing as above.

The application of gravel on trails in slop-
ing terrain has been less successful. Horses’
hooves and water runoff during heavy rain-
storms move gravel downslope, particularly on
grades exceeding 8%. Efforts to apply larger
gravel (4–7cm) capped with finer gravel (up to
3cm) have met with limited success. Horses’
hooves and water move the finer material
downslope, exposing the larger gravel. The size
and angular edges of the large gravel are
uncomfortable to horses. Grading work to
move gravel back upslope or to reshape treads
also mixed the gravels, bringing some of the
larger material to the surface. Furthermore, the
use of heavy equipment for such grading
restricts the type of tread drainage features to
tread outsloping, drainage dips and grade dips
(reversed grades). Frequent grading has been
required to maintain proper outsloping and
drainage dips. Shorter sections of horse trails
that descend steeply through gaps in the cliff
line have required wooden structures filled
with rock and gravel. These locations are often
difficult to access and require shifting the gravel
from large trucks, to smaller trucks, to motor-
ized tracked wheelbarrows.

The numerous stream crossings through-
out Big South Fork have been a particular man-
agement challenge. Wooden bridges have

been constructed for stream crossings on the
heaviest-use horse trails. Trail erosion into
streams is a substantial and continuing problem
within the park, which has inadequate funding
to bridge every stream crossing. Most horse-
trail bridges have planking along the edges to
contain a bed of soil that covers the bridge
deck. This is done to allow use by horses that
shy away from travel across wood planking.
Unfortunately water often drains to the bridges,
contributing to tread muddiness and overflow-
ing directly into streams during storms (Fig.
5.15).

In preparing the Road and Trail
Management Plan, park staff have been re-
evaluating all park roads and trails for their suit-
ability to sustain horse use. Careful attention to
the relative resource resistance of alternative
routes, including trail grade, alignments and
substrates, will avoid the inclusion of trails
that would require substantial reconstruction
or ongoing maintenance. Management empha-
sis will continue to rely primarily on tread-
hardening techniques. Experimentation with
geotextiles is just beginning, and managers
expect their use will resolve problems in some
of the worst locations, while reducing the need
for large amounts of gravel in less accessible
settings.

An Australian perspective

Landsberg et al. (2001) provide a useful over-
view of the issues surrounding the management
of horse-riding in Australia. They note that
where horses are allowed to stray off trails, or
where horse-riding takes place on poorly main-
tained or constructed trails, or in steep and/or
waterlogging prone environments, a high
impact potential exists. The first part of any
management system should therefore consider
the risk potential for horse-riding damage.
Conservation reserves and highly valued natu-
ral areas with at-risk environmental character-
istics, such as steep slopes, high soil erosivity,
poorly drained areas and those infected with
readily transportable fungal pathogens, should
not be available for horse-riding activities. In
some areas, however, where horse-riding is
already established because of tradition or
precedent, prohibiting horse-riding may be dif-
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ficult to achieve. In relation to this, Landsberg
et al. (2001) also raise the issue of equity in
providing outdoor recreational opportunities.
Indeed, it is worth noting that hiking and moun-
tain-biking also pose a risk of environmental
damage in susceptible environments, and raise
the question that if horse-riding is prohibited,
why not also prohibit other recreational activ-
ities. Restricting horse-riding, however, can be
justified on the basis that the activity causes the
greatest amount of impact.

Landsberg et al. (2001) have developed
ten principles (Table 5.4) to guide the manage-
ment of public horse-riding in a peri-urban
nature reserve in eastern Australia. These prin-
ciples provide a useful basis from which to
develop management strategies elsewhere in
Australia.

Newsome et al. (2002) explored various
options for managing horse-riding in more
remote locations, such as D’Entrecasteaux
National Park in Western Australia. One impor-
tant issue to arise from their work was the asser-
tion that if a management strategy was in place,
management capacity was often insufficient to
police, enforce and monitor the situation.
Moreover, interpretive material, public semi-
nars, education and voluntary codes of conduct
are ostensibly a good idea, but it only takes a
small percentage of users to ignore them and
significant impacts can occur.

Newsome et al. (2002) explored three
management options in relation to the situation
in D’Entrecasteaux National Park in Western
Australia. Prohibiting use, although the most
effective in eliminating impacts, was seen to be
problematic, because national park policy pro-
vides for a spectrum of recreational opportu-
nities and raised questions of equity and
honouring traditional usage of the area. Despite
this, Newsome et al. (2002) assert that national
parks should not be opened up to any new
horse-riding operations. They also viewed
unrestricted open access in conservation
reserves as unacceptable, due to the dispersed
and possibly cumulative nature of impacts,
especially where plant disease is present in vul-
nerable plant communities.

One of the most effective means of manag-
ing horse-riding in conservation areas would be
to prohibit random, unsupervised public access
and authorize access via licensed tour oper-
ators. Licensing and the allocation of permits
provides incentives for the operator to reduce
impacts, via controlling the numbers of users,
adhering to guidelines and keeping horses to
designated bridle trails. This, in conjunction
with applying the principles developed by
Landsberg et al. (2001), provides for a manage-
ment framework in which horse-riding can
occur alongside other recreational activities in
conserved environments (Table 5.4).
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Fig. 5.15. Muddiness on a Big South Fork horse-trail bridge.
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Conclusion

Recreational horse riding is a legitimate and
important recreational activity. However, it is
well established that the activity carries a high
impact potential. The nature, extent and degree
of impact are related to the intensity of usage.
High-use situations, as in some parts of the
USA, can result in high levels of campsite and
trail degradation. Furthermore, differing envi-
ronmental resilience may dictate that some
parts of the world are more susceptible to eco-
logical degradation that others. This is certainly
the case where horse-riding occurs in fragile
Australian ecosystems. In response to the need
to predict and manage impacts, many recrea-
tion ecologists and natural resource managers
are developing methods for assessing and mon-
itoring horse-riding damage and activities.
However, there is still scope for the develop-
ment of a database on the relative sensitivity of
different environments around the world to
horse-riding damage.

Given the plethora of environmental
impacts associated with horse-riding, natural-

area managers need to assess existing activities
and operations, and balance the activity with
other recreational uses and wider conservation
objectives. Because of the high impact poten-
tial, it needs to be emphasized to horse-riders
that, for continued access, management is criti-
cal. Only with ‘best practice’ management
should horse-riding be allowed in national parks
and similar areas. With sustained horse traffic,
management may have to include some or all
aspects of the following: trail location and
design; trail construction (drainage and erosion
control); trail hardening, such as the use of
gravel, geotextiles or geoblock; trail mainte-
nance; visitor regulation (confinement, amount
of use, timing of use); education (user behaviour,
codes of conduct); policing and enforcement.

Both land managers and users must take
this need seriously. In addition, a universally
valid model for natural area planning, such as
the Limits of Acceptable Change Planning
Framework, needs to be applied in multi-use
recreation areas, to help determine what sorts
of impacts are acceptable and to guide moni-
toring of change and application of manage-
ment actions. Horse-riding is likely to be
deemed inappropriate where unacceptable
impacts are occurring and where trails and sites
need rehabilitation. Where significant conser-
vation and biodiversity values are threatened, it
might be necessary to prohibit horse-riding
entirely.
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Table 5.4. Principles to guide management of
public horse-riding in a peri-urban nature reserve
in Australia (according to Landsberg et al., 2001).

1. Provide for recreational horse-riding only 
2. No dogs allowed
3. Confine horse-riding to specific trails
4. Locate trails near perimeter of reserves

and/or in modified zones
5. Construct and maintain trails to a standard

(drained and hardened/stable surface of
suitable width)

6. Exclude horse-riding from ecologically
sensitive areas

7. Rationalize existing trail networks where
horse-riding is currently allowed with a view
to closing trails and developing alternative
routes and/or construct trails to acceptable
standard

8. Develop a code of conduct that fosters rider
compliance to management system in place

9. Develop monitoring systems to measure rider
compliance and impacts of horse-riding

10. Modify management programme if
unacceptable impacts are detected
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Introduction

Motorized transport is a component of many
tourism products, including tours that are
advertised as ecotours, and tours that operate in
protected areas. Four-wheel-drive (4WD) and
other off-highway vehicles (OHVs) many be
used in ecotours for a number of reasons:

• to transport inexperienced clients safely
amidst potentially dangerous wildlife, e.g.
in African game safaris;

• to transport and control clients amongst
wildlife more easily disturbed by pedes-
trians than by vehicles;

• to transport equipment for non-motorized
activities, e.g. whitewater rafts, sea kayaks,
mountain bikes;

• to transport camping equipment and
food for tour clients travelling by non-
motorized means;

• as the primary means of travel in terrain
types where travel on foot is too slow or
arduous for the distances involved; e.g.
level arid landscapes with little surface
water.

Realistically, therefore, the impacts of eco-
tourism include the impacts of OHVs, but only
where OHVs are legally permitted, where they
are needed as part of an ecotour product, and
where they are driven with due regard to mini-

mize environmental impacts. There are also
many recreational users of OHVs, both private
and commercial, who drive them with no con-
cern for environmental impacts and in places of
high conservation value. Such use is clearly not
ecotourism.

This review therefore considers the im-
pacts on the natural environment of commonly
used OHVs including 4WD vehicles, smaller
all-terrain vehicles (ATVs), larger tundra bug-
gies, trailbikes and snowmobiles. Note that the
terms OHV and ORV (off-road vehicle) are
sometimes used interchangeably, but strictly
speaking the former term includes vehicles
used on dirt roads and tracks which are recog-
nized routes but not legal highways. This
review does not, except incidentally, refer to
tracked, military, construction or large-scale
industrial vehicles. Nor does it cover non-
motorized transport such as mountain bikes,
riding animals or packstock. It does not focus
on tours or recreational groups which set out
deliberately to use OHVs in an environmen-
tally damaging manner, such as enduro racing
or competitive mudbogging, though it does
mention the types of ecological damage that
can result from such use. It does not consider
social impacts such as conflicts with non-
motorized users (McCool, 1981; Wilkinson,
1999), though from a land management per-
spective these may be as important as environ-
mental impacts. In addition, any impact on soil
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or vegetation which is recorded for hiking boots
(Cole, Chapter 4, this volume) can generally
also be produced by vehicle tyres.

Types, intensity and ecological signifi-
cance of impacts differ considerably between
ecosystems (Liddle, 1997; Yorks et al., 1997;
Buckley, 2001a, 2003; Newsome et al., 2002).
Impacts also depend considerably on driving
practices. Most off-highway travel by motor-
ized ecotours is on established dirt roads and
tracks in parks, forests and farms, with relatively
little being completely off-track. For example,
safari vehicles in the private game reserves of
Africa commonly stay on tracks except where
icon species such as lion, leopard or rhino are
sighted, and off-track travel is needed for a
closer approach. The environmental impacts
of motorized ecotours hence include those of
track formation and traffic, as well as those
of off-track use. There is quite an extensive lit-
erature on the impacts of roads on wildlife,
especially through noise disturbance and bar-
rier effects, which is also relevant to 4WD
tracks. Likewise, there is an extensive literature
on the impacts of logging roads on soil erosion
and stream sedimentation, some of which is rel-
evant to other recreational 4WD tracks.

The ecological impacts of vehicles driving
off-road have been recognized for over 70
years. Meinecke (1928) recorded damage to
the roots of redwood trees by vehicles driving
over them, and recommended that vehicles be
kept away. More detailed study commenced in
the late 1950s and the 1960s (Green and
Knight, 1959; Westhoff, 1967). During the
1970s and 1980s there was more intensive
research on OHV impacts in particular ecosys-
tems, and a number of reviews and bibliogra-
phies (e.g. California Parks and Recreation,
1975; Webb and Wilshire, 1983; Albrecht and
Knopf, 1985; Leatherman and Steiner, 1987).
The majority of this research was in North
American ecosystems, with a focus on sandy
coasts and the arid south-west. Concern over
the impacts of snowmobiles and other over-
snow vehicles (OSVs) prompted research, espe-
cially in northern USA (Bloomfield, 1969;
Lazan, 1969; Bissill, 1970; Dorrance et al.,
1975; Bury, 1978; Richens and Lavigne, 1978;
McCool, 1978, 1981; Eckstein et al., 1979);
and, more recently, concern over the impacts of
swamp buggies and other ATVs has prompted

research in south-eastern USA (Duevers, 2002).
There have been recent reviews by Liddle
(1997) and James (2000, pp. 18–28).

Environmental impacts of OHVs have
been studied much more intensively in some
areas and environments than others. Examples
include:

• the arid landscapes of south-western USA
(Vollmer et al., 1976; Eckert et al., 1979;
Foreman, 1979; Iverson et al., 1981; Kay et
al., 1981; Webb, 1982, 1983; Hinkley et
al., 1983; Lathrop, 1983; Webb and
Wilshire, 1983; Belnap, 1995; Brainard,
1998; Lovich and Bainbridge, 1999; Kutiel
et al., 2000; Milchunas et al., 2000);

• coastal beaches, especially in north-
eastern USA (Steiner and Leatherman,
1981; Wolcott and Wolcott, 1984; Anders
and Leatherman, 1987; Mackay, 1997) but
also in Australia (Priskin, Chapter 22, this
volume);

• coastal dunes in various parts of the USA
(Brodhead and Godfrey, 1977; Wilshire et
al., 1978; Hosier and Eaton, 1980; Godfrey
et al., 1980; Godfrey and Godfrey, 1981;
Luckenbach and Bury, 1983) and also in
southern and south-western Australia
(Gilbertson, 1983; Priskin, 2003) and Israel
(Kutiel et al., 2000);

• arctic tundra (Bellamy et al., 1971; Rickard
and Slaughter, 1973; Rickard and Brown
1974; Slaughter et al., 1990; Forbes, 1992)
and cool temperate bogs and moors
(Bayfield, 1986; Ross, 1992);

• grasslands in east Africa (Onyeanusi, 1986)
and north-western Australia (Hercock,
1998, 1999);

• subtropical south-eastern USA (Duevers,
2002).

There are thus a number of major ecosys-
tems worldwide where OHVs are used exten-
sively in tourism and recreation, but where
their impacts remain largely unstudied. Exam-
ples include:

• grasslands of south-eastern South America;
• savanna grasslands of sub-Saharan Africa

and northern Australia;
• eucalyptus woodlands of south-western

and south-eastern Australia;
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• mixed conifer woodlands of south-western
Canada and north-western USA;

• rainforests of south-eastern Asia, north-
eastern Australia, central West Africa and
Central America.

Even in those areas and ecosystems which
have been studied most intensively, quantita-
tive knowledge of impacts remains scanty. As
with many impacts from tourism and recrea-
tion, the more obvious direct impacts are iden-
tified but rarely quantified, and the less obvious
indirect impacts may remain unknown
(Buckley, 2001a, 2003).

The ecological impacts of OHVs may be
considered from various perspectives:

• type of ecosystem, e.g. coastal, arid, mon-
tane, arctic;

• ecosystem component affected, e.g. air,
water, soil, plants, animals;

• type of OHV, e.g. 4WD, buggy, ATV, snow-
mobile;

• type of activity or tour, e.g. wildlife safari,
adventure activity;

• impact mechanism, e.g. tyres, noise, ex-
haust, indirect.

Impact mechanisms include, for example:

• the physical action of tyres on soils, vege-
tation and fauna;

• secondary physical effects, such as in-
creased slopewash and stream sedimenta-
tion;

• collisions, especially with animals;
• air pollution from exhaust;
• water pollution from fuel spills, oil, etc.;
• noise and associated effects on wildlife;
• transport of progagules, notably weed

seeds and pathogens;
• impacts of tracks, e.g. on waterflow and

animal movements;
• impacts of humans travelling in OHVs to

areas they would not otherwise visit: e.g.,
increased fires, litter, hunting, etc.

Soils

The action of vehicle tyres on soil has been ana-
lysed extensively (Freitag, 1971; Liddle, 1997).

Impacts depend on topography and slope, soil
type and moisture content, how the vehicle is
driven, and on the vehicle’s weight and number
of passes.

Pressures applied to the soil surface by
4WD vehicles and trailbikes travelling at con-
stant speed on level ground range from 1000 to
2300gm/cm2, about 5–15 times the pressure
applied by a hiking boot (e.g. Eckert et al.,
1979; Slaughter et al., 1990; Liddle, 1997).
Pressures may be up to ten times greater when
OHVs are braking, accelerating or skidding
(Liddle, 1997). The immediate effects are to
break up soil crusts, erode or displace upper
soil layers to form tracks or wheel ruts, and
compress and compact deeper soil layers
(Wilshire and Nakata, 1976; Liddle, 1997).
Damage to soil crusts, and to surface lags of
pebbles or shells, has been described in a range
of environments (Davidson and Fox, 1974;
Godfrey et al., 1980; Hosier and Eaton, 1980;
Adams et al., 1982; Brown and Schoknecht,
2001). In tundra areas, ruts form by a different
mechanism, as the removal of insulating vege-
tation leads to melting of the permafrost, to 150
cm depth or more (Rickard and Slaughter,
1973; Rickard and Brown, 1974; Walker and
Walker, 1991). Recovery of the soil surface
from the passage of a single OHV may take only
days or hours on active sand dunes, but has
been estimated at up to 680 years or more for
crusted desert soils (Liddle, 1997; Brainard,
1998).

The relation between the number of
passes, weight of vehicle, and degree of erosion
and compaction seems to differ considerably
between soil types. Broadly, erosion effects
seem to be more marked for a small number of
passes, and compaction effects for a large
number of repeated passes, on the same track.

Erosive effects by OHVs include wind and
water erosion of disturbed soil, and mechanical
displacement by vehicle tyres. Wind erosion
(Brodhead and Godfrey, 1977; Godfrey and
Godfrey, 1981; Wilshire, 1989; Stebbins, 1990)
can also disperse pesticides in agricultural soils
(Leys et al., 1998) or asbestos from mineral soils
(Popendorf and Wenk, 1983). Mechanical dis-
placement of soil has been recorded on a vari-
ety of soil types (Anders and Leatherman,
1987), with erosion rates recorded at 150,000
cm3/m2/year after 100 4WD passes on a coastal
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dune (Godfrey, 1975), and 250,000cm3/m2/
year on an arid sand dune (Eckert et al., 1979).
Erosion rates in Alaska were recorded at
450,000cm3/m2/year by Rickard and Slaughter
(1973), but not only by mechanical displace-
ment. Erosion is commonly greater on steep
slopes, wet areas, and fine-grained soils
(Bellamy et al., 1971; Anders and Leatherman,
1987; Wilson and Seney, 1994). Trailbikes
climbing steep slopes produced 15 times as
much erosion as hikers (Weaver and Dale,
1978).

The effects of OHV tyres can increase sur-
face runoff and slopewash, promote water-
borne debris flows, and, in some cases, lead to
burial of plants (Webb et al., 1978; Eckert et al.,
1979; Iverson et al., 1981; Gilbertson, 1983;
Nakata, 1983; Webb, 1983; Lovich and
Bainbridge, 1999). Eckert et al. (1979), for
example, found that 50 passes by a trailbike
doubled slopewash, and 20 passes by a truck
increased it five times. Off-road tracks and
forest roads can lead to water erosion further
upslope than in undisturbed areas (Mont-
gomery, 1994). Forested areas traversed by log-
ging tracks, often used by recreational OHVs,
suffer significantly more erosion than un-
tracked areas (Swanson and Dyrness, 1975;
Rice and Lewis, 1991; Grayson et al., 1993;
Forman et al., 1997; Forman and Mellinger,
1998; Forman and Alexander, 1998, p. 223).
Forested areas with a high density of tracks are
more prone to flooding (Forman and Alexander,
1998 p. 218). Sediment from slopewash de-
grades forest streams, in North America (Bilby
et al., 1989) and Australia (Brown, 1994).

Compaction effects include increased bulk
density and penetration resistance, and
decreased porosity, infiltrability and hydraulic
conductivity (Liddle, 1997). Loamy sands and
coarse gravels are particularly susceptible to
compaction, and wet soils commonly more sus-
ceptible than dry (Webb, 1983). In lightly
affected areas, compaction effects seem to be
roughly proportional to the total applied
weight, i.e. load times number of passes. In
more heavily impacted areas, at least for certain
soil types such as dune sands, compaction
impacts seem to stabilize beyond a threshold
number of passes. For trailbikes in desert soils,
the first few passes yielded greatest impacts on
bulk density, and the rate of change decreased

with additional passes (Webb, 1982). In this
instance, even a single pass produced a signifi-
cant reduction in the number of larger soil pores
in the top 30cm. After 200 passes, all pore sizes
were reduced, and compaction effects occurred
to 60cm depth. In coastal sand dunes, Liddle
and Greig-Smith (1975) found greatest compac-
tion at 15cm depth. For up to 256 passes of a
4WD vehicle within 3 days, the bulk density of
this soil increased proportionally with the
number of passes, and the logarithm of penet-
rability decreased proportionately.

Infiltration rates are also reduced by OHVs
and, indeed, even by hikers (e.g. Brown et al.,
1977; Eckert et al., 1979; Liddle, 1997,
Buckley, 2001a). In some soils, compaction
reduced infiltration rates by 97%. Less com-
monly studied impacts on soil include
increased temperature on dune sands bared of
vegetation (Liddle and Moore, 1974); and a
reduction in fertility, particularly nitrogen
(Duggeli, 1937; Whisler et al., 1965; Belnap,
1995; Liddle, 1997).

OHVs, and other forms of trampling, have
been shown to reduce a wide range of soil
infauna (Bellamy et al., 1971; Brown et al.,
1977) including springtails (Little, 1974; Yur’eva
et al., 1976), mites (Chappell et al., 1971),
cranefly larvae (Newton and Pugh-Thomas,
1979), woodlice and spiders in surface litter
(Ingelog et al., 1977), and earthworms (Cluzeau
et al., 1992). Different species are affected dif-
ferently, and larger individuals of the same spe-
cies may survive better, perhaps by using deeper
soil layers (Ingelog et al., 1977; Bayfield, 1979;
Piearce, 1984).

Vegetation

OHVs affect vegetation by: crushing and bruis-
ing individual plants; modifying soil properties;
introducing weed seeds and plant pathogens;
increasing ignition sources for wildfires; and
producing air pollution from engine exhausts
(Duevers, 2002). Direct impacts of tyres have
been studied most intensively, with a strong
focus on particular ecosystems. These include:

• coastal sand dunes in east-coast USA,
South Africa, Israel and elsewhere
(Godfrey, 1975; Blom, 1976; Brodhead
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and Godfrey, 1977; Godfrey et al., 1978,
1980; Hosier and Eaton 1980; Godfrey
and Godfrey 1981; Gilbertson, 1983;
Luckenbach and Bury, 1983; van der
Merwe, 1988; Rickard et al., 1994; Kutiel
et al., 2000; Brown and McLachlan,
2002);

• arid and semi-arid landscapes, largely in
the south-western USA but also in the
Middle East (Davidson and Fox, 1974;
Vollmer et al., 1976; Webb and Wilshire,
1980, 1983; Lathrop, 1983; Webb et al.,
1983; Milchunas et al., 2000; Brown and
Schokrecht, 2001);

• tundra (Rickard and Slaughter, 1973;
Greller et al., 1974; Rickard and Brown,
1974; Slaughter et al., 1990; Walker and
Walker, 1991; Forbes, 1992); bogs (Ross,
1992); fens (Barry and Schlinger, 1978)
and montane landscapes (Wilson and
Seney, 1994).

Forest and woodland vegetation has received
much less attention (Brown et al., 1977;
Ingelog et al., 1977; Weaver and Dale, 1978);
and grasslands even less (Onyeanusi, 1986;
Hercock, 1998, 1999).

The number of OHV passes that causes a
50% reduction in plant cover differs by a factor
of over 100 times between different ecosystems
(Liddle, 1973, 1997; Kendal, 1982). OHVs
cause 5–30 times as much damage to vegeta-
tion as hikers (Cole, 1993, 1995a,b). Different
vegetation types differ greatly in susceptibility
to the impacts of OHV tyres (Wright 1989;
Liddle, 1997; Yorks et al., 1997; Milchunas et
al., 2000). In general, grasses and graminoids
are both most resistant and most resilient to
OHV impacts, with other plant growth forms
differing in relative resistance and resilience
(Yorks et al., 1997). In many vegetation types,
relatively few passes by OHVs can cause major
reductions in plant cover and density. In a
marsh area, for example, 40 crossings reduced
plant cover to zero (Ross, 1992). However, on
temperate coastal dunes in Massachusetts,
USA, 12% of plant biomass remained after 675
OHV crossings (Godfrey, 1975). OHVs cause
more damage to vegetation on slopes and turns
than on straight, level ground, and skilled driv-
ers can reduce impacts relative to unskilled
ones (Rickard and Brown, 1974; Weaver and

Dale, 1978; Godfrey et al., 1980; Onyeanusi,
1986; Woodward, 1995; Buckley, 2001b).

There are positive feedbacks between
OHV damage to soil and vegetation. Loss of
plant cover increases soil erosion, nutrient loss
and sometimes soil surface temperature, and all
these factors contribute further to vegetation
loss.

Plants can suffer physiological damage
from OHVs even if not broken or killed
(Hylgaard and Liddle, 1984), which can lead to
leaf abscission and reduced growth rates
(Liddle, 1997). Plant species assemblages along
OHV tracks are often modified relative to
untracked vegetation, through a variety of
mechanisms. These include: changes to soil
properties; differential damage to some species
relative to others; trapping windblown seeds in
tyre ruts (Brown and Schoknecht, 2001); and
the introduction of seeds in mud on tyres and
vehicle bodies.

OHVs spread weeds by carrying seeds in
radiator grilles and in mud, soil and sludges on
tyres and underbodies (Wace, 1977; Marion et
al., 1986). Smaller seeds are carried differen-
tially. During the wet season in Nigeria, Clifford
(1959) recorded an average of 100 seeds/kg of
dry mud on cars, and this increased to 180
seeds/kg during the dry season. Schmidt (1989)
germinated 124 plant species from seeds car-
ried on a single vehicle in Göttingen. In Kakadu
National Park, Australia, Lonsdale and Lane
(1994) found 1505 individual seeds in 84 dif-
ferent plant species on 384 parked cars, but
80% of these were seeds from only seven spe-
cies. In Colorado, USA, weeds are more abun-
dant in areas used heavily by OHVs (Milchunas
et al., 2000); and in the coastal dunes of south-
ern Australia, Gilbertson (1983) found that
once established, weed species are more resist-
ant than natives to further OHV damage.

In some areas, OHVs are also a major dis-
persal mechanism for plant pathogens. A par-
ticularly well-known example is provided by
the cinnamon fungus Phytophthora cinnam-
omi, the causal agent of jarrah dieback disease
in plant communities throughout southern
Australia (Marks and Smith, 1991; Newell and
Wilson, 1993; Gillen and Napier, 1994; Barker
and Wardlaw, 1995; Hill et al., 1995; Shearer
and Dillon, 1996; Buckley et al., Chapter 20,
this volume).
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Animals

Impacts by OHVs have been recorded for a
wide variety of vertebrates and invertebrates,
including endangered species. Impact mecha-
nisms include:

• crushing animals, nests and burrows under
tyres;

• collisions and roadkill;
• physiological damage from noise;
• disturbance through noise, vibration and

visual impact, leading to displacement,
habitat loss, increased energy consump-
tion, and increased predation, especially
on juveniles;

• barriers to movement from wheel ruts,
tracks and dirt roads;

• indirect impacts of increased human
access, including feral animals, hunting
and fires.

The precise mechanisms are not always
known. There are many cases where significant
decreases in populations of particular animal
species have been recorded in areas used by
OHVs, relative to control areas without OHVs,
but without further experimental evidence.
Densities of species such as bears, wolves, elk,
deer and lizards decrease in areas with more
tracks, OHVs or snowmobiles, in various parts
of the world (Dorrance et al., 1975; Vollmer et
al., 1976; Elgmork, 1978; Rost and Bailey,
1979; Lyon, 1983; Paquet and Callaghan,
1996). Wolves and cougar are displaced
entirely from areas with road densities �0.6km
km�2 (van Dyke et al., 1986; Mech, 1989;
Forman and Alexander, 1998, p. 123). In some
cases the mechanism can be inferred, e.g. for
marmots on Vancouver Island (Dearden and
Hall, 1983); or newts, frogs and tadpoles in
Florida (Duevers, 2002).

Significant impacts by OHVs on beaches
have been recorded for a variety of birds, tur-
tles, crabs, clams, beetles, isopods and other
species. Eggs and chicks of shore-nesting birds,
and nests and hatchlings of marine turtles, are
crushed by OHV tyres, and predation increases
sharply when brooding adults are driven from
nests, even briefly. Feeding by adult birds is also
interrupted by OHV disturbance. This is of par-
ticular concern in highly seasonal climates and

for birds resting during migration. Interestingly,
Watson et al. (1996) found that OHV drivers on
South African beaches did not notice shore-
birds even when there were several species in
close range.

Shorebirds affected by OHVs include a
variety of terns, oystercatchers, plovers and
dotterel, some of them endangered (Lord et al.,
1977; Godfrey and Godfrey, 1981; Pfister et al.,
1992; Melvin et al., 1994; Palacios and Mellink,
1996; Watson et al., 1996). OHVs are the great-
est threat to least terns in the Gulf of California,
for example (Palacios and Mellink, 1996).
OHVs are also a major threat for the endan-
gered little tern on the beaches of central east-
ern Australia (NSW National Parks and
Wildlife Service, personal communications,
2001, 2002). Significant OHV impacts have
also been recorded for turtles on beaches in
Israel (Kuller, 1999). Ghost crabs, Ocypode
spp., seem to be particularly susceptible to
OHV impact, since they dig shallow burrows in
the upper sections of sandy beaches. In
Maryland USA, OHVs reduced population of
O. quadrata by 97% (Steiner and Leatherman,
1981); and in nearby Virginia, 100 passes by an
OHV reduced ghost crab populations by 98%
(Wolcott and Wolcott, 1984). In south-western
Australia, ghost crab populations are 90% less
on urban beaches than in rural areas (Barros,
2001), even though more food is available in
urban areas.

Significant OHV damage has been re-
corded for a range of sandy-beach infauna,
including: softshell clams in the USA (Godfrey
et al., 1978); wedge clams, Donax harleyanus,
in Uruguay (Defeo and de Alava, 1995); sand
dollars, Echinodiscus spp., in New Zealand
(Brown and McLachlan, 2002); and isopods
Tylos spp. in South Africa (van der Merwe,
1988; van der Merwe and van der Merwe,
1991; Brown, 2000). The proportion of isopods
killed or injured increases directly with the
number of OHV passes (P�0.008), and OHVs
are a major factor in the decline of isopod pop-
ulations.

In other environments, OHVs have signifi-
cant impacts on desert tortoise (Bury and
Marlow, 1973); sand scarab beetles (Lucken-
back and Bury, 1983); tiger beetles (Mackay,
1997); and a variety of litter-inhabiting inverte-
brates (Duffey, 1975). Similar impacts occur

88 R. Buckley

BUCKLEY MAKE-UP  23/6/04  10:31 AM  Page 88



from snowmobiles and other over-snow vehi-
cles (OSVs). For example, OSVs crush the
undersnow burrows of the northern bog lem-
ming in eastern Washington (Leys and Burke,
1973). By compacting overlying snow, OSVs
also reduce insulation for overwintering bur-
rows of various species (Schmid, 1970).

OHVs kill a variety of animals by direct
collision, the off-highway equivalent of road-
kill. Most of the information available on vehi-
cle collisions with large mammals is from
on-road traffic, but much of this is also relevant
to logging roads, dirt tracks and other OHV
routes. Roadkill is by no means insignificant as
a source of wildlife mortality (Hodson, 1962,
1966; Oetting and Cassell, 1971; Bennett,
1991; Ellenberg et al., 1991; Harris and Scheck,
1991; Forman and Alexander, 1998). Over 1
million vertebrates are killed on roads each day
in the USA, for example (Forman and Alex-
ander, 1998, p. 213). Roads have been
described as ecological traps which consis-
tently kill wildlife attempting to cross.

Up to 1991, for example, the annual road-
kill of the Florida panther, Felis concolor coryi,
was equal to 10% of the total population (Evink
et al., 1996). Annual roadkill of key deer,
Odocoileus virginianus clavium, in Florida is
even higher, 16% of the total population
(Forman and Alexander, 1998, p. 213). Large
and medium-sized mammals seem to be most
susceptible on narrower roads; birds and small
mammals on wider roads; reptiles on narrow
roads with low traffic, such as OHV tracks; and
frogs and other amphibians, not surprisingly, on
roads and tracks near ponds (Hodson, 1962,
1966; Oxley et al., 1974; Dodd et al., 1989;
Langton, 1989; de Maynardier and Hunter,
1995; Ashley and Robinson, 1996; Romin and
Bissonette, 1996; Vos, 1997; Forman and
Alexander, 1998). Roadkills encourage ‘traplin-
ing’ by predators (Bennett, 1988, 1991;
Ellenberg et al., 1991; Forman, 1995), which
can lead to further mortality.

Nocturnal and crepuscular species, and
diurnal species occasionally active at night,
seem to be particularly vulnerable. Highest
roadkill of grey kangaroos in Victoria, Australia,
for example, occurred during full moon
when these kangaroos are particularly active
(Coulson, 1982). Interestingly, warning signs
for motorists did not reduce kangaroo roadkill

(Coulson, 1982). Correspondingly, in the north-
ern hemisphere, Pojar et al. (1975) found that
even illuminated and animated warning signs
did not reduce roadkill of deer: drivers only
slowed down when they saw dead deer car-
casses on the roadside.

In addition to direct roadkill, road noise
and associated disturbance commonly leads
larger mammals to move away from roads.
Mountain goats, for example, are visibly dis-
turbed by the noise of an OHV over 1km away
(Singer, 1978). Reindeer and mule deer are
highly disturbed by the sounds of snowmobiles,
even half a kilometre or more away (Calef,
1976; Freddy et al., 1986; Tyler, 1991). This is
perhaps unsurprising, since snowmobilers have
often been observed harassing a variety of deer,
including both white-tailed and mule deer
(Eckert et al., 1979; Freddy et al., 1986). Lieb
and Mossman (1974) reported that deer dis-
turbed by OHVs on a beach attempted to swim
and were consequently drowned. Occupants of
OHVs and OSVs have been recorded shooting
deliberately at a variety of birds, including
eagles, osprey and even jays (Duevers, 2002).
Of course, such behaviour is far from ecotour-
ism. In any area where animals can expect to be
chased or shot at, however, the sound of any
OHV will trigger physiological and behavioural
disturbance. This also applies to areas where
licensed hunters operate legally. In Canada, for
example, McLellan (1989) and McLellan and
Shackleton (1989) reported that a high propor-
tion of grizzly bears shot by licensed hunters are
shot from roads. Besides hunters, OHVs may
bring dogs, which disturb mammals and birds
more than humans alone (MacArthur et al.,
1982; Liddle, 1997; Buckley, 2001a; Deuvers,
2002).

Songbirds of various species are easily dis-
turbed by vehicle noise. Particularly sensitive
species, such as cuckoo, avoid areas with vehi-
cle noise >35dB, and typical avoidance thresh-
olds are 42dB for songbirds in woodland areas,
and 48dB in grasslands (Reijnen et al., 1995,
1996). Even these higher thresholds, inciden-
tally, are equivalent to the sound level in a
library reading room (Forman and Alexander,
1998). Birds driven away from areas used by
vehicles may be forced into territories occupied
by competing individuals, or into less favour-
able areas for nesting (Yalden and Yalden, 1990;
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Buckley, 2001a). ORV noise can also lead to
hearing loss in ground-dwelling vertebrates
(Brattstrom and Bondello, 1983).

OHV wheel ruts, tracks and roads can act
as significant barriers to movement of some
animal species. 4WD wheel ruts and lights
block and disorientate turtle hatchlings on
beaches, for example, leading to exhaustion,
predation and increased mortality (Hosier et al.,
1981; Witherington, 1997). Tracks in forests act
as barriers to small mammals (Burnett, 1992;
Goosem, 1997, 2000). Tracks can also block
movement by amphibians and invertebrates
(Forman and Alexander, 1998). It appears that
although wider roads, not surprisingly, are more
serious barriers than narrower ones, the actual
road surface is unimportant: dirt tracks used by
OHVs form just as severe a barrier as a bitumen
road of equivalent width (Oxley et al., 1974;
Mader, 1984; Fahrig et al., 1995; Forman, 1995;
Forman and Alexander, 1998).

Snowmobiles, in particular, can have a
severe adverse effect on air quality (Wilkinson,
1995; Wade, 2000). A single snowmobile may
emit as much nitrous oxide and hydrocarbons
as 1700 cars (Wilkinson, 1995). In Yellowstone
National Park USA, for example, snowmobile
exhaust fumes are sufficiently concentrated
and continuous in some areas that rangers on
duty suffer respiratory poisoning symptoms,
such as headaches and nausea (Wilkinson,
1995; Wade, 2000).

Conclusions

OHVs are a common component of a wide
variety of ecotourism operations, and their
environmental impacts cannot be ignored.
These impacts, can, however, be reduced con-
siderably through careful driving and access
restrictions. A number of organizations have
compiled minimal-impact guidelines for
OHVs. The most detailed appears to be that of
Buckley (2001b), which incorporates 33 indi-
vidual items on preparation, 55 on driving tech-
niques and 24 on OHV camping. Broadly,
these cover items such as: choice of tyres;
avoiding marshes, muddy trails, steep dunes
and back beaches; crossing dunes and creeks at
established ramps and fords; and driving to

minimize wheel ruts, noise and wildlife distur-
bance.

Even if all these precautions are taken,
OHVs still cause impacts. Land managers,
especially of protected areas, or other sites of
high conservation value, may therefore need to
impose restrictions on OHV use, backed up
with monitoring, enforcement and penalties
where appropriate. Common management
approaches include:

• restricting OHV use to a small number of
heavily used, well-maintained tracks;

• clearly signposting off-track areas as
closed for conservation;

• encouraging OHV operators to improve
driving skills;

• only allowing OHVs on wide, sandy
beaches and only at low tide during the day;

• keeping ORV tracks narrow (Burnett,
1992);

• maintaining a closed canopy above tracks
in wooded areas (Turton and Goosem,
2001);

• conducting education campaigns to make
ORV operators aware of wildlife (Watson
et al., 1996).

There are enormous differences in impacts
between different OHV users. Driven carefully
at the right speed, with the right tyres, in the
right places, by a well-informed user, a 4WD
vehicle is a perfectly reasonable and legitimate
way to enjoy many landscapes. Driven care-
lessly, or with deliberate impacts, in fragile
areas, by an ignorant or heedless user, OHVs
can rapidly cause major and ecologically sig-
nificant damage to soils, plants and animals.
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Introduction

Travellers and tourists have always been
attracted to seaside destinations, and their num-
bers have grown, and continue to grow, since the
onset of mass tourism in the early 1900s. Most
seaside visitors generally only wish to explore
the foreshore area and its beaches; however, a
considerable number of visitors still like to
expand their activity spectrum by including one
or several boat trips in their travel itinerary. In
Australia alone, the tour boat industry generated
400,000 trips worth Aus$850 million (based on
a survey of 150 operators from seven major des-
tinations, and a conservative estimate of 1500
operators Australia-wide) (Byrnes, unpublished
data 2002). Accordingly, marine boat tours rep-
resent a prominent sector within the tourism
industry, not only in Australia, but probably also
in other countries around the world known for
their seaside resorts, dive spots, fishing grounds
or sailing areas.

The main product of this sector is, in most
cases, heavily dependent on the quality of its
non-transferable assets, i.e. near-shore coastal
waters and their biota. The majority of marine
tour operators rely on one or more launching
points close to their resident destination, and
one or more natural attractions that are: (i)
located within a day’s travel distance; and (ii)
usually limited in extent (e.g. coral reefs) or lim-
ited in yield (e.g. fishing grounds). Under such

scenarios, a small number of trips per year
would, in the vast majority of cases, cause little
threat to the integrity of these natural assets. In
practice, however, economic factors require
operators, particularly those running a large
vessel, to offer as many trips as possible:
depending on demand and weather conditions,
up to several trips per day for 7 days per week.
The resulting number of frequent visits to sites
limited in extent and/or yield may eventually
put parts or sections of near-shore ecosystems or
species under such stress that their ecological
status deteriorates to an extent where recovery
during off-peak seasons is no longer possible.
Ultimately, this would result not only in loss of
an area of (usually rare) habitat or a rare species,
it would also result in the loss of the primary
attraction that generated the demand for the
tourboat business in the first place.

Furthermore, most tourboat operators offer
activities, sites and/or vessels similar to those
enjoyed by recreational users, i.e. boat owners
who have no commercial interests in their oper-
ations. This triple overlap often makes it impos-
sible to separate impacts of tourist vessels from
those of recreational vessels. Accordingly, this
review tries to: (i) characterize tourboat opera-
tors and their impacts based on technical knowl-
edge and information collected from interviews
with Australian operators in seven geographical
regions; and (ii) summarize cases published in
the peer-reviewed scientific literature that
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describe impacts of any vessel, or vessels, simi-
lar to those used by tourist operators.

Scope

This chapter considers the most common vessels
operated by, or for, tourists in near-shore coastal
waters, i.e. medium to small boats ranging from
sea kayaks to >300 passenger high-speed cata-
marans. At one extreme of the spectrum, surf-
boards, windsurfers and kite surfers are
excluded because they resemble sporting equip-
ment rather than vessels. At the other extreme,
ferries and ocean liners are excluded because
their impacts are considered to be similar to
those of large commercial vessels (except for
solid wastes and sewage), they often operate in
international waters, are part of the major
international shipping fleet and are therefore
regulated by the International Maritime Organi-
zation (IMO) under MARPOL 73/78 and other
treaties. Vessels used for ferry services as part of
a regional public transport network were also
excluded from this review, even though many of
these vessels are also popular with tourists (e.g.
Sydney Harbour ferries, New York City ferries,
Hong Kong ferries).

From a more practical point of view, this
chapters focuses only on impacts that are
directly associated with operating vessels, and
not on impacts that can originate from tourist
activities per se, e.g. snorkelling and diving (fin
damage to corals) or fishing (depletion of
stocks). Alleviating such impacts is considered
the primary responsibility of the owner of the
tourism business rather than the master or
owner of a vessel used for such tourism
operations.

Types of Tourist Vessels

The majority of tourism vessels reviewed in this
chapter are used for short trips or day trips to
one or more locations/areas that are visited reg-
ularly, i.e. up to a maximum of 7 days per week
several times/day (weather permitting) during
peak season. Only houseboats and bareboat
charter vessels are used for periods of up to 1 or
2 weeks (Table 7.1). Typically, many operators
establish their business using a single port or

marina or a few launching ramps/beaches close
to a well-known coastal destination. Others,
particularly those who own or operate large
vessels, can diversify their activities by provid-
ing services for the fishing industry or moving
to another location. Overall, however, their
activities can be characterized as summarized
in Table 7.1 and detailed below.

Kayaks (mostly specialized sea kayaks) are
only suitable for travel in sheltered coastal
waters, unless they are taken for extreme tours.
Such tours are less common, due to a very lim-
ited number of qualified customers and high
insurance premiums. Under normal circum-
stances, kayaks, hired for group tours or indi-
vidual trips, can be transported by car (on roof
racks or a small trailer) and launched from any
sheltered beach or ramp. These vessels have no
onboard facilities and rely mostly on paddles
for propulsion (small sails can be used though).
Accordingly, tourists have to be reasonably fit
and dedicated to a ‘nature-based’ experience.
As a result, the use of these vessels is not wide-
spread.

Sailing catamarans and dinghies are popu-
lar resort vessels with no onboard facilities and
are offered for beach hire on an hourly or half-
daily basis. The use of these vessels is limited
to calm conditions and, usually, a narrowly
defined near-shore area. This is to avoid exces-
sive wear and tear on equipment and to prevent
lesser-experienced clients from being blown
offshore in adverse wind conditions. If not in
use, most vessels are kept up on the beach and
out of the water.

Personal water crafts (PWCs), also widely
known as ‘jet skis’, have become an increas-
ingly popular recreational vessel over the past
decade. Their powerful two-stroke engines can
push these vessels along at high speeds and,
therefore, users are required to wear protective
equipment such as a life vest and, in some
countries, a helmet. PWCs are hired on an
hourly or half-daily basis mostly for use in a
narrowly defined area, or for guided group
tours. Apart from small storage compartments,
these vessels provide no onboard facilities and,
therefore, most trips are taken to enjoy the ride
rather than to use the vessel for another activity
(e.g. fishing or diving). Most PWCs can be trans-
ported on a trailer pulled by an ordinary family
car and are mostly refuelled and maintained at
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Table 7.1. Basic operational characteristics of common types/classes of tourism vessels in Australia.

Passengers/
Principal method of operators

Type of vessel propulsion per vessel Types of trip Type of operation

Kayak, canoe, sea Paddle 1–2 Half-day, full-day Self-skippered,
kayak paddle tours in mostly inshore or

groups or in single protected open
waters

Small sailing Sail 1–2 1 hour to half-day Self-skippered,
catamaran or dinghy sailing trips inshore, protected

waters, usually
confined to small
area

Personal water craft Two-stroke engine, 1–2 1 hour to half-day Self-skippered or
(PWC) jet sightseeing and trips skippered, usually

and speed runs, confined to small
some guided tours area

Outboard tinny and Two-stroke and four- 1–4 Half-day to full-day Self-skippered,
half-cabin cruiser stroke outboard fishing or sightseeing inshore, protected 

engine trips waters

Semi-rigid inflatable Two-stroke and four- 8–12 (15) Half-day to full-day Skippered, mostly
(SRI) stroke outboard dive tours, some near-shore in

engine megafauna watching protected open
waters

Sailing yacht (bare- Sail, inboard diesel 2–6 (8) Full day to �1 week, Self-skippered or
boat charters) engine, some sailing trips skippered, protected 

outboards open waters

Speedboat Two-stroke outboard 2–8 (10) 1 or 2 hours to half- Skippered, inshore,
engine, inboard day parasailing trips occasionally open
diesel or four-stroke or speed runs protected waters

Houseboat Two-stroke outboard 4–10 (12) Usually �1 day to 1 Self-skippered,
engine, inboard week protected waters
diesel

Flybridge fishing Inboard diesel 6–10 (12) Half-day to full-day Skippered, no
cruiser fishing trips restrictions

(occasionally
overnight, e.g. for
game fishing)

Ex-commercial Inboard diesel 8–15 (20) Half-day to full-day Skippered, no 
fishing vessel, (some 2–4 days) restrictions
purpose-built dive fishing or whale
boat, etc. watching (whale

shark swimming)
tours

Catamaran Inboard diesel, jet 50–400 Half-day to full-day Skippered, no
registered for around propelled pleasure or party restrictions
300 to 400 cruises, dive and
passengers, incl. whale-watching
high-speed (wave- tours
piercing) vessels

Note: numbers in parentheses represent maximum values.
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petrol stations and workshops located through-
out urban built-up areas.

Fishing boats (typically tinnies or half-cabin
cruisers with small outboard engines), represent
the vast majority of small vessels in most coastal
areas with some sheltered waterways. In windy
conditions, they are uncomfortable to ride, and
they provide only very limited onboard facil-
ities. The stereotypical type of use for this vessel
is a fishing trip when either two or more friends,
or a small family, hires such a vessel for half a
day or a day of exploring unknown fishing
grounds while on holidays. Operators can pull
smaller vessels in this category (tinnies) up on a
beach and out of the water when not in use,
whereas the larger half-cabin cruisers are usu-
ally kept on a swing mooring somewhere near
the operator’s rental office. Until the turn of this
century, most of the small fishing vessels in this
class used fuel-inefficient two-stroke outboard
engines for a better power to weight ratio and
reliability under saltwater stress. Modern four-
stroke designs have overcome most of these
problems, and regulating authorities in many
parts of the world (notably the USA) are increas-
ingly banning the use of two-stroke outboard
engines on confined water bodies.

Semi-rigid inflatables (SRIs) are very popu-
lar with dive operators. If well-maintained and
operated by a skilled master, these vessels are
almost unsinkable. SRIs with two outboard
engines (mostly two-strokes) are reliable enough
to take dive tourists out to a sheltered location,
even if they have to pass through conditions that
would be off limits for most other small tour-
boats. Apart from tank racks, these vessels pro-
vide no other onboard facilities and are
primarily used for short trips to a near-shore dive
site, where they are anchored or tied to a fixed
swing mooring. Upon return, SRIs can be pulled
on to a trailer and cleaned and serviced near the
operator’s dive shop.

Speedboats are best characterized by their
powerful inboard or outboard engines in rela-
tion to a comparatively small hull and low
weight. These vessels are used by many opera-
tors for water skiing, parasailing and general
speedboat thrill tours. High-speed runs on
water are usually uncomfortable and also use
large amounts of fuel. Therefore, speedboat
trips are mostly short: passengers are either
transported back to land via smaller vessels

(parasailing) or boats simply return to their base
after half an hour or 1 hour, to pick up new pas-
sengers. Accordingly, onboard facilities are not
required. However, speedboats have one major
advantage: if used regularly, they don’t require
antifouling, even if moored in a wet berth. The
forces created by a hull being pushed over, and
slammed on to, the water’s surface are enough
to clean the hull of most thin-layered biofilms.

Sailing yachts, including catamarans and
motor yachts of about 30ft (9.1m) and more in
length overall (LOA), are the preferred vessels
for bareboat charters in near-shore open waters.
Vessels in this category allow parties of 2–8, or
even 12, people to hire a yacht for several days
of exploring coastal islands or estuaries within
about a radius of 20–40 nautical miles from the
operator’s base, i.e. the average distance of a 1-
or 2-day sailing trip during daylight hours. For
safety, licensing and insurance reasons, vessels
are usually set up to limit speeds to less than 10
knots. Onboard facilities, such as galleys with
stoves and sinks, refrigerators, showers, toilets
and bed spaces, are the norm for any competi-
tive bareboat vessel. The majority of customers
hire vessels for more than 1 day. Accordingly,
onboard facilities are used many times during
an average trip. Most use is likely to occur in
protected anchorages: customers take out a
bareboat for a holiday trip where comfort is par-
amount and, therefore, prefer areas where
many such anchor sites are available in a 10–20
nautical mile sailing distance, i.e. for lunch
breaks and overnight stays. Famous examples of
bareboat areas are found amongst the
Caribbean Islands, in the Mediterranean Sea
along the former Yugoslavian coast, Turkey, and
Greece, and around Australia’s Whitsunday
Islands. All vessels in this category are too large
and heavy to be pulled out of the water if not in
use: they all require antifouling and sacrificial
anodes to protect propeller shafts, rudders, steel
keels, etc. when moored in a wet berth.

Fly-bridge cruisers are the preferred vessel
for off-shore fishing tour operators, including
game fishing expeditions targeting tuna, macke-
rel, blue marlin and other sailfish species. The
main advantages of these vessels is their speed,
the extra space and height of their fly-bridge
and the open space around the stern. By steer-
ing the vessel from the fly bridge, operators can
provide additional space for their customers in
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the main cabin while gaining a good view to
spot fish activity (e.g. predator species feeding
on schools of bait fish). The vessel’s speed can
be used to check a large area, or number of dis-
tant spots, to increase the customers’ chances of
catching a fish on a single trip, even if the num-
bers of target species of legal size are low. Most
vessels have onboard facilities such as galleys,
toilets and bed spaces. When at a destination,
vessels are often left to drift rather than kept at
anchor: the vessel has to be ready in case some-
one on board catches a large fish that starts to
fight. To prevent the line from snapping, the
vessel has to be moved towards the fish until it
has tired and can be lifted on board. Unless
hired for large game fishing expeditions, most
operators offer half-day, day or night trips.

Ex-commercial fishing vessels, such as line
fishing working boats or decommissioned
trawlers, or even purpose-built tourist vessels,
are often multipurpose vessels for large parties
(up to 20 or more). They can be used for diving
or fishing trips, sight seeing, whale and whale
shark tours, or even surfing tours. During the
off-season, these vessels are either moved to
another destination, or they are used again as
commercial fishing vessels (provided their
owners or operators maintain their appropriate
licences). Their overall design prohibits plan-
ing, which usually limits their top speed to
around 20 knots. Onboard facilities are similar
to those of fly-bridge cruisers, but usually not
very luxurious. Whether operators on these
vessels drop anchor during a trip depends on
the area visited and the trip’s purpose. Further-
more, large vessels in this category could still
be using tributyltin (TBT)-based paints for anti-
fouling, depending on local regulations and
their enforcement.

Multilevel, large catamarans, with a capac-
ity for 300 or more passengers, have become an
increasingly popular vessel for mass tourism
operations. A number of these vessels operate in
the Great Barrier Reef Marine Park to carry tour-
ists to snorkelling and coral-viewing sites, others
are used for sight-seeing or party tours, and even
whale-watching trips. Some are modified to
improve certain aspects of their performance
(e.g. wave-piercing hull designs for high-speed
travel in open waters). In general, their double
hull design provides for a lot of usable space and
good fuel economy, even at higher speed.

Onboard facilities include several toilets, one or
even several food outlets or restaurants, and
seating, entertainment and party facilities. The
overall investment in such a vessel and its crew
forces operators to run tours every day, unless
weather or technical issues prevent this. Similar
to line fishing working boats or trawlers, large
tourist catamarans may be antifouled with TBT-
based paints, again depending on local regula-
tions (see below for more discussion). Where
vessels have to anchor at their trip’s destination,
operators in Australia are, more often than not,
required to install fixed swing moorings.

Risks of Causing Impacts

Numerous studies have investigated the effects
that could originate from operating a recrea-
tional boat and, similarly, a tourism vessel (for
summaries see Chmura and Ross, 1978; Liddle
and Scorgie, 1980; Arthington and Mosisch,
1998). Many studies were conducted for lakes
and reservoirs or river systems, but, in principle,
most of their results are applicable to the marine
environment. In theory, vessels can cause
impacts to components of the natural and human
environment in a number of ways, including:

1. Emitting or releasing polluting substances:
heavy metals [mainly copper (Cu) and
zinc (Zn)], organometal compounds (e.g. TBT)
and booster algicides (e.g. Irgarol 1051) from
either antifouling paints or sacrificial anodes; oil
and fuel from small engine leaks and spills
during refills; CO2, NOx and other unburned
fuel residues from combustion engines (Jüttner
et al., 1995a,b; Tjärnlund et al., 1995).
2. Causing direct physical damage through
propeller cuts; dislocation of bottom substrates,
corals, etc. by pulling up anchors and acciden-
tal groundings; re-suspension of sediments
from scouring of anchor chains and propeller or
vessel wash; and destruction of shore banks
from vessel wash.
3. Disturbance of natural behavioural pat-
terns of sensitive species, thereby causing addi-
tional strain on energy budgets when triggering
flight responses and increased alertness.
4. Visual interference by placing man-
made high-tech items into otherwise little-
developed natural scenery.
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5. Emission of extensive noise, mostly from
inboard or outboard engines.

From an operator’s or boat user’s point of
view, a trip on a tourist vessel can be broken up
into three sections, each with its own types and
risks of causing an impact:

1. Mooring at, and launching from or near,
the operator’s base.
2. Travel to and from destination.
3. Staying at destination.

Other impacts can evolve from maintenance
work and emergency situations. However,
these are not part of routine operations and not
considered further here.

The magnitude of impacts associated with
a particular category of tourism vessel (see
Table 7.1) depends on the number of incidents
and the concentration of pollutants emitted per
area or volume of water, the resilience and
health of the ecosystem or the flushing rate of
the water body affected, and, in the case of pol-
lutants, the concentration of neutralizing
agents (e.g. particulate organic matter) present
(see Equations 7.1 and 7.2). In the marine envi-
ronment, all these parameters change with
time, notably through monthly variations in
tidal prisms, wind conditions and general sea-
sonal changes (e.g. wet versus dry season). In
other terms, long-term effects depend on the
time during which disturbances or pollution
events occur and the recovery period between
two consecutive events.

Magnitude of impact(disturbances)�
F(incidents, 1/area, 1/resilience

(or health) of ecosystem (or species) 
affected, t)

7.1

Magnitude of impact(pollutants)�
F([pollutant emitted], 1/volume, 
1/flushing rate, 1/[neutralizing 

agents], t)

7.2

In order to characterize the types and
impacts of tourboat operations in Australia, a
database of operators was compiled from list-
ings in phone books, the Australian Charter
Guide and the Tour Finder website of the
Department of Conservation and Land Man-

agement (CALM). Entries from this database
were summarized based on postcodes, and
subsequently displayed on a geographic infor-
mation system (GIS) map identifying tourism
hotspots for different geographical regions (T.
Byrnes, PhD thesis, Griffith University,
Australia). Boat operators were then surveyed
in seven major nodes: Melbourne, Sydney,
Gold Coast/Moreton Bay, Whitsundays, Cairns,
Broome and Exmouth. Seven hundred and fifty
operators were selected randomly from the
database and either interviewed directly or
asked by postal survey to reply to a question-
naire almost identical to that used during inter-
views. Furthermore, in situ environmental
performance audits were conducted for
another 40 operators. Information obtained
from 50 interviews, 100 questionnaires and 40
audits collected over a 3-year period at seven
different geographical regions around
Australia’s 35,000km coastline (including
remote, subtropical dive and whale-shark-
viewing destinations and a major urban centre
in a temperate climate), was used, together with
the relationships shown in Equations 7.1 and
7.2, to develop impact risk assessment tables
for each of the three major sections of boat trips
in marine coastal areas (for Tables 7.2–7.4 see
Appendix). The data collected from tourboat
operators included information about the size
and type of their vessels and engines, on board
facilities and waste management, fouling and
corrosion management, the number of trips
and number of persons on board for different
times of the year, their primary activity and the
overall size of their business. This quantitative
information was condensed to develop catego-
ries for impact frequencies and extent as shown
in Tables 7.2–7.4.

Potential impacts associated with vessels
using mooring or launching sites

Without any environmental control and man-
agement measures, impacts from pollution,
visual interference and noise are likely to be
highest at or near purpose-built mooring (e.g.
marinas) and launching (e.g. boat ramps) sites.
In these areas, boat density is highest, spatial
extent limited, and depth shallow, and all activ-
ities happen close to the water/land boundary,
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which often provides a variety of sensitive habi-
tats. Almost all vessels, from yachts to large cat-
amarans, have to be moored in a wet berth and
are therefore antifouled and fitted with sacrifi-
cial anodes (Table 7.2). As a result, their sub-
mersed structures release copper (Cu) at a rate of
3.8�g/cm2/day to 65�g/cm2/day (Valkirs et al.,
2003), algicides such as Irgarol 1051, and zinc
(Zn). Depending on the flushing rate of the
marina or boat harbour, the concentration of
these substances could build up to levels that
could eventually cause acute or chronic toxic
effects to sensitive species. Furthermore, moor-
ing and launching sites are selected or built to
provide shelter against wind and wave action
and currents. During periods of low boating
activity, such calm waters allow fine particles,
together with other substances adhering to
them, to precipitate and, hence, act as a sink
for such materials. Accordingly, heavy metals
washed off trailers, or Cu and Zn released from
antifouling paints and sacrificial anodes, can
accumulate in sediments, which, in turn, can be
released through resuspension from propeller
wash to add to already elevated levels of pollu-
tants. As mentioned previously, these types of
impacts are typical examples of situations where
it is impossible to distinguish between impacts
from tourism vessels and those from recreational
vessels.

The use of detergents for cleaning the
galley, toilets and other onboard facilities, etc.
when preparing a vessel for its next customer(s)
cannot be avoided by any tourism operator who
provides vessels with such facilities (Table 7.2).
Whether these wastes are then released into
marina waters depends on the existence and,
ultimately, use of holding tanks and on-shore
pump-out facilities. Although regulatory author-
ities in many parts of the world try to increase
construction and use of these facilities, only
very few (almost none) were easily available to,
and therefore used by, tourism operators in
Australia up until the beginning of 2002 (T.
Byrnes, personal observation 1999–2002).

Smaller incidents of pollution can occur
where vessels are refuelled (tanks spill over, or
inadequate equipment is used, e.g. not using
funnels when refilling from spare tanks that
cannot be hooked up to fuel lines) or where
minor repair works are conducted. Mooring
and launching sites are the most likely areas

that could be subject to such activities (Table
7.2) because they provide refuelling berths, or
access to spare parts and mechanical tools that
are kept in cars or available at a boat chandlery.
The number of such incidents is likely to be cor-
related to the skills and experience of the boat
or fuel berth operator, and the management
requirements of the mooring area. The overall
amounts of fuel released during each incident
are probably small (unless vessel operators act
recklessly): operators would be overseeing
refuelling and small repair works and, in case
of minor accidents, they would intervene.
Similar impacts from bilge pump-outs should
be rare because such activities are prohibited in
most mooring sites, unless a vessel takes in
water as a result of an emergency situation.

Solid wastes, such as empty food and bev-
erage containers and other packaging materials,
accumulate during most boat trips and need to
be discarded when returning to the vessel’s
mooring or launching site. The exceptions are
trips on smaller craft lasting only a couple of
hours, e.g. a sail on a small sailing catamaran or
dinghy or a PWC. In most cases, operators take
all wastes that haven’t been lost during the trip
off board and discard them in rubbish bins or
containers commonly provided at mooring and
boat launching sites. One notable exemption is
a group of canoes and sea kayaks: these vessels
can be launched from any beach that provides
car access. Such beach areas may not necessar-
ily have rubbish collection facilities that can
cope with a large group of such vessels return-
ing from a longer trip (see Table 7.2).

Disturbance of species is considered rare
in mooring or boat-launching places, because
most of the more vulnerable species would
have either become locally extinct or moved on
and left these places, leaving only species that
are more adapted to human activities.

Perhaps the largest impacts on the human
resident population, and often most controver-
sial ones when it comes to proposals for new
boat facilities, are visual impacts and noise. Tall
above-deck structures such as masts, antennae,
fishing equipment, etc. can be seen from many
viewpoints along a coastline, and create a stark
contrast against its natural coastal settings.
Equally, or even more, annoying for people that
are not enthusiastic about boats, is the clatter
and noise from loose running gear and the
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howling noise created by strong winds passing
masts, stays, fishing rods, etc. During busy hol-
iday periods and weekends, noise from starting
and warming-up engines or, even worse, from
flushing out cooling water from outboard
engines, adds to the overall noise spectrum. The
overall magnitude of such impacts is usually a
result of the combined effects from commercial
(including tourism) and recreational vessels.

Potential impacts associated with vessels
in transit

For many marine tours, the actual time that a
vessel is in transit, i.e. moving in open or shel-
tered waters, constitutes the main reason for
undertaking such a tour (e.g. sea kayaking, jet
skiing, sailing, etc.). For all other types of tours,
time in transit is essential to get to or from a des-
tination, either a fishing spot, specific mega-
fauna or a dive location. Accordingly, all vessels,
unless under sail or being paddled, will burn
fossil fuels to produce greenhouse gases such as
CO2 and NOx. Because these gases readily dis-
perse within the atmosphere and are unlikely to
cause local effects, they add to global warming
in general and are not discussed any further.
Other pollutants such as Cu, Zn, algicides and
toilet wastes (nutrients and pathogens) are rap-
idly diluted in the large volumes of water that are
used by a vessel when travelling from point A to
point B, and are therefore very hard to detect.

More problematic are unburnt fuel resi-
dues from two-stroke engines. These are emitted
in large quantities (Jüttner et al., 1995a) and
their volatile organic compounds (VOC) are
highly toxic to marine organisms (Jüttner et al.,
1995b; Tjärnlund et al., 1995). As a result, some
countries [e.g. the USA (EPA, 1996)] started to
introduce emission guidelines for new two-
stroke engines, or banned these altogether from
many inland water bodies. Marine tourist oper-
ators in Australia are still left with the choice to
use either two- or four-stroke outboard engines.
Many prefer modern direct-injected two-stroke
engines for their more favourable power to
weight ratio and easier maintenance. However,
some have developed a liking for the greater
reliability of four-stroke designs. Until late
2001, most PWCs were equipped with two-
stroke engines, but enforcement of full compli-

ance with US regulations since 2001 (EPA,
1996) has encouraged manufacturers to now
offer a wide range of PWCs with four-stroke
engines. However, it remains unclear to what
extent these trends have penetrated the current
fleet of tourism vessels. The frequency of
unburnt fuel release has therefore been ranked
as ‘always’ and ‘considerable’ in Table 7.3.

Another aspect of pollution is associated
with the release of bilge water or water from
other compartments that can receive oil, fuel
and other pollutants from small engine leaks,
small cracks in fuel lines, etc. Most tourism ves-
sels of the size of a 8–10m sailing yacht or
longer have bilge pumps that will be activated
shortly after the vessel has left its mooring (or in
some cases launching) area. In most cases,
operators should want to repair engine leaks
immediately, otherwise their clients could lose
confidence in the vessel they hired, or that they
are being taken for a trip on. As engine oil can
cover large areas of a water surface, bilge
pump-outs after even small leaks were consid-
ered ‘minor’ rather than ‘negligible’ (Table 7.3).

Probably the biggest issues in the long
term could evolve from disturbance of native
fauna, loss of habitat from shore-bank erosion
through boat wakes, and accidental loss of
solid wastes. In our current world economic
system, recreational and tourist activities will
increase, and with this, boating activities.
Unless vessel speeds are widely restricted and
enforced, injuries to marine wildlife as a result
of boat strikes and propeller cuts will increase,
and more and more shorebirds will be repelled,
either through disturbances or direct loss (ero-
sion) from habitats that are adjacent to popular
boating areas. Tourism operators may make a
significant contribution because of their fre-
quent use of near-shore waterways. However,
there is currently little or no quantitative infor-
mation about these effects in relation to boat
use intensities (e.g. trips or boats per area), and,
therefore, the extent of such disturbances was
classified as ‘unknown’ (Table 7.3). An increas-
ing number of boat trips would also lead to an
increase in chances of losing any inadequately
stowed items such as food, hats, towels or pack-
aging wastes. Again, the overall rates at which
such items are lost or, even worse, negligently
discarded in open waters, are largely unknown.
For Table 7.3, it was assumed that most oper-
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ators are aware of this problem and try to mini-
mize the occurrence of such acts, or that the
type of operation would only include so few
possibilities for such loss of wastes, that these
were not considered (e.g. PWCs).

Noise emitted from combustion engines
on vessels in transit is one of the biggest issues
that directly affects humans, i.e. mostly resi-
dents living at or near coastal waterways and
other recreational users of shoreline environ-
ments. Apart from sea kayaks and small sailing
vessels, all other vessels (even yachts) have to
use engines and therefore emit noise (Table
7.3). In some areas, the noise from recreational
vessels has become such an issue that relevant
authorities banned certain vessels from some
parts of their waterways. Tourist operators that
predominantly operate in off-shore open
waters would only add to this issue when leav-
ing from, and returning to, their mooring sites.
Others, such as operators who hire out PWCs
or other small engine-driven craft or speed-
boats, are more likely to use near-shore shel-
tered waters and could become a target for
complaints by residents.

Potential impacts associated with vessels
at their destinations in open waters

Many marine boat trips are primarily taken to
use a vessel to: (i) get to a destination; and (ii)
use this vessel as a base for exploring or enjoy-
ing the surrounding marine environment, e.g.
scenery, corals or coastal/marine wildlife.
Other trips are taken mainly for enjoying the
ride, i.e. using the vessel in transit. These are
mostly PWCs and small sailing vessels and,
consequently, are not considered in Table 7.4.

The majority of vessels that have reached
their destination will use anchors or, if avail-
able, a fixed-swing mooring. This usually hap-
pens in calm waters, which, in turn, provides
the best opportunities for passengers and crew
to use onboard facilities. This includes marine
toilets, food preparation facilities, showers, or
whatever else is provided on board. Accord-
ingly, this generates a mostly liquid waste
stream that is released directly into the marine
environment, unless the vessel is equipped
with holding tanks and/or treatment facilities.
Most vessels built after the year 2000 would

have such holding tanks, as required by rele-
vant marine pollution legislation in Australia
[e.g. the Transport Operations (Marine Pollu-
tion) Act 1995 Qld] or overseas. However,
many tourism operators in Australia use older
vessels, which are difficult to refit with holding
tanks. The only places in Australia where
sewage discharge limitations were strictly
enforced were, until the end of 2002, the water-
ways around Sydney and sites under a commer-
cial (tourism) permit in the Great Barrier Reef
Marine Park (see comments, Table 7.4).

The other major impacts from vessels at their
destination in open waters are associated with
anchors and anchor chains. Unless vessels
anchor in a spot where wind and currents are vir-
tually non-existent, they swing around, thereby
dragging their chain, and sometimes even their
anchor, over the area’s bottom substrate. As a
result, bottom sediments are resuspended, which
can lead to an increase in turbidity and additional
sediment deposits on sensitive species, e.g.
corals and seagrasses. Ongoing exposure to such
minor, but constant, additional stress can lead to
deficiencies in energy budgets and, ultimately, to
changes in sessile bottom substrate commu-
nities. Inexperienced skippers also drop anchor
in spots that are particularly sensitive to physical
damage and destroy large sections of their com-
munities, e.g. coral reefs. Some operators recog-
nized these problems and, often in collaboration
with relevant management authorities, installed
fixed-swing moorings near sites that were fre-
quently visited, most notably popular dive and
snorkel sites. Some of the larger dive and snorkel
tour operators in the Great Barrier Reef have been
allowed or required to install such fixed moor-
ings or floating pontoons at sites that are visited
regularly.

Another serious threat to sessile marine
organisms at destinations frequently used by
tourism vessels are vessel groundings, particu-
larly in areas used by bareboat and houseboat
charters. In Australia, most bareboats can be
hired without a recreational boating licence,
and many first-time customers have little or no
local knowledge. Accordingly, they often mis-
calculate tidal variations and anchor at depths
that leave them stranded at low tide. In tropical
waters, they are also more prone to hitting
coral outcrops (e.g. bommies) that could rise
suddenly, even out of waters of 10m depth at
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low tide. Little is known about the frequency of
such events, but based on observations of
houseboats and bareboats in the southern
Moreton Bay and Whitsunday regions over 10
years (Warnken, personal observation 1993–
2003), groundings could not be considered
‘uncommon’ in Table 7.4.

Another potential for conflict between dif-
ferent users of an anchorage is the noise from
parties, loud radios and people shouting and
jumping overboard. While the impact of such
noise is likely to be minor on native fauna, vis-
itors who wish to enjoy the serenity of an iso-
lated anchor site could perceive such noises as
a major nuisance (Table 7.4).

Actual Impacts of Recreational and
Tourism Vessels

Pollution from antifouling paints

The concept of small to medium-sized recrea-
tional vessels having the potential to cause
severe environmental impacts was first demon-
strated towards the end of the 1970s, when
oyster production in Arcachon Bay, France
nearly collapsed because of elevated concentra-
tions of tributyltin (TBT) in its water column and
sediments (Alzieu et al., 1981–1982; Alzieu,
2000). The major reason for this drastic effect
was the extreme toxicity of TBT, e.g. an LC50 of
several 100ng/l (lugworms), growth reduction
of oyster spats at less than 10ng/l and imposex
in marine gastropods at levels of less than 1ng/l
(for a review, see Maguire, 1987; Becker and
Bringezu, 1992; Cardwell et al., 1999; Alzieu,
2000). Secondly, the environmental half-life of
TBT in water and sediments ranges from several
hours to almost a year, depending on the type of
environment and the mode of degradation
(Maguire, 1987; Kawai et al., 1998). Thirdly, the
bay of Arcachon hosted about 7800 pleasure
craft with only limited exchange rates through a
narrow channel to the Atlantic Ocean (Alzieu,
2000). Although Arcachon might have been an
extreme example, similar discoveries were soon
made in Great Britain (Waldock et al., 1987)
and, subsequently, in many other parts of the
world. As a result, the use of TBT-based antifoul-
ing paints on vessels �25m length overall (LOA)
was banned in most developed nations (e.g.

France, UK, USA, Australia) between 1982 and
1990. Since the mid-1980s a wealth of data has
been collected, mapping the distribution of TBT
in freshwater and marine water, sediments and
practically any biota living in these environ-
ments. Even a few years after the ban of TBT on
vessels �25m, many studies found high levels
ofTBT in sediments and waters of marinas (often
highest), boat harbours and commercial ports
(Dowson et al., 1993; Fent and Hunn, 1995; Ko
et al., 1995; Kubilay et al., 1996; Cardwell et al.,
1999). Using imposex in female marine gastro-
pods (e.g. dogwhelks Nucella lapillus, periwin-
kle Littorina littorea) as probably the most
sensitive biological indicator of elevated TBT
levels, indicated that, for many areas, TBT levels
decreased after the ban (Evans et al., 1996;
Smith, 1996; Gibson and Wilson, 2003); how-
ever, background concentrations generally
remained elevated (e.g. Huet et al., 1996;
Harding et al., 1999; Evans and Nicholson,
2000; Axiak et al., 2003). As a result, the
International Maritime Organization (IMO) has
agreed to implement regulations that should
phase out the use ofTBT antifouling paints for all
vessels, including all tourboats, by 2008 (IMO,
2001).

Cuprous oxide, the other principal compo-
nent of antifouling paints, has received less
attention, mainly because of (i) higher concen-
trations required to result in toxic effects (e.g.
Ahsanulla and Williams, 1991; Claisse and
Alzieu, 1993) and (ii) a much greater potential
to bind tightly to organic matter (Hall and
Anderson, 1999; Voulvoulis et al., 1999).
Nevertheless, elevated levels of Cu2+ were
commonly, but not always, found in sediments
and waters of marinas (Turner et al., 1997;
Foerster et al., 1999; An and Kampbell, 2003)
and even in those used by tourist vessels in
Australia (e.g. Cairns and the Airlie Beach;
Haynes and Loong, 2002). Recent investiga-
tions into in situ Cu release rates from antifoul-
ing paints suggest that small to medium-sized
vessels moored for some time emit Cu2+ in the
order of 8.2µg/cm2/day (Valkirs et al., 2003),
and not as high as 18–22µg/cm2/day as
reported previously (Thomas et al., 1999). So
far, there is only limited evidence about Cu
accumulation in anchorages or waterways due
to boating activities (Preda and Cox, 2002).

Irgarol 1051 is an algicide now commonly
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used as a substitute for TBT in antifouling
paints. It has toxicity values of 136ng/l (Hall et
al., 1999), and has been found at concentra-
tions of up to 1693ng/l in marine waters
(Readman et al., 1993), but usually between 14
and 1571ng/l in Europe (Hall et al., 1999) and
between 12 and 144ng/l in Japan (Okamura et
al., 2003). No Irgarol 1051 was detected in
waters of 73 Canadian marinas (Liu et al.,
1999). Levels in British estuaries were similar to
those in marinas, and highest at the beginning
and the end of the boating season. This was
considered to be the result of high initial
release rates from freshly antifouled hulls in
spring and, subsequently, the result of cleaning
activities when boats are pulled out of the water
in the autumn (Bowman et al., 2003). Overall,
Irgarol concentrations outside marinas seemed
to be generally below levels of ‘no observed
effect concentration’ (NOEC).

Non-antifouling pollution

Similar to antifouling paints, the need for engines
to propel vessels through the water introduces
another set of potentially harmful pollutants that
can escape into the marine environment as a
direct result of operating a vessel. Almost all of
the engine-associated pollutants (fuels, lubricat-
ing oils, grease, unburnt fuel residues) are chem-
ically similar, if not identical, to those known for
land-based combustion engines. Accordingly, it
is often difficult to discriminate between vessel-
derived inputs and land-based inputs into
coastal environments. Several studies, however,
have identified the type and amount of fuel resi-
dues or additives (e.g. methyl tert-butyl ether,
MTBE) released when operating two-stroke out-
board engines (Jackivjz and Kuzminski, 1973;
Gabele and Pyle, 2000) and their toxicological
effects on fish (e.g. Tjärnlund et al., 1995) and
distribution in the water column (e.g. Mastran et
al., 1994; Reuter et al., 1998; Zuccarello et al.,
2003). As a response to this, and also amend-
ments to the Clean Air Act in the USA in the early
1990s, engine manufacturers developed im-
proved engines with better fuel-economics and
reduced emissions with regard to both unburnt
residues as well as greenhouse gas outputs.

The consequences of accidental fuel spills
during refuelling events are similar to those

widely described for tanker accidents, but at a
scale several orders of magnitude smaller.
Nevertheless, elevated concentrations of ali-
phatic and aromatic fuel compounds have
been reported for sediments near a powerboat
mooring site in sheltered open waters, i.e.
Green Island, Australia (Smith et al., 1987). This
suggests that sometimes even frequent but
small accidents of small to medium-sized ves-
sels, including tourist vessels, can be the prin-
cipal source of such pollutants.

Zinc emissions from sacrificial anodes can
be substantial; however, zinc levels have to be
quite high to cause an effect on marine biota.
Accordingly, elevated concentrations in the
water and sediment have been found for two
marinas in the UK (Bird et al., 1996), but were
reported as lower than the local Environmental
Quality Standard of 40µg/l. Further studies
need to be undertaken to confirm these results
for other parts of the world.

One of the most concerning types of pol-
lution from small boats is, in the eyes of the
public, the release of untreated or only partly
treated sewage, particularly at sites shared by
both boats and other recreationists. So far,
strong evidence demonstrating a link between
boating activities and faecal pollution has so far
been rare in the scientific literature. Most atten-
tion has been paid to marinas or boat harbours
providing permanent moorings and associated
facilities, and most of the data collected is only
available from commissioned reports or confer-
ence proceedings (e.g. Sawyer and Goulding,
1990; Gaines and Solow, 1990; Fisher et al.,
1987 – all cited in OWOW 1993; references in
Milliken and Lee, 1990, p. 11; Augier et al.,
1984, 1985 – quoted in Guillon-Cottard et al.,
1998). One study in the Rhode river estuary,
Maryland, USA, over one single weekend,
demonstrated a link between boat numbers and
faecal coliform counts in shallow waters of a
narrow estuary (Faust, 1982). A more recent
study in France indicated that boating activities
could have an effect on faecal coliforms and
faecal streptococci in Mytilus galloprovincialis
mussels (Guillon-Cottard et al., 1998).

Most of these studies used faecal or total
coliforms as indicators for sewage pollution.
Total coliform counts include many different
non-faecal psychotrophic species (Gauthier et
al., 1991). Thermotolerant or faecal coliforms

Impacts of Tourboats in Marine Environments 109

BUCKLEY MAKE-UP  23/6/04  10:31 AM  Page 109



(FCFs) can be isolated from the effluent of
industrial paper mills and textile factories
(Mates and Schaffer, 1988), and many marinas
or anchorage sites are located in estuaries that
receive waters which have passed urban and/or
industrial discharge points (stormwater drains,
licensed discharge pipes). Escherichia coli is
thought to be a better, though not perfect, indi-
cator of faecal contamination of water, because
it is considered to be exclusively of faecal
origin (Dufour and Cabelli, 1981; APHA,
1998). Indeed, more recent studies in fresh-
water systems indicate that even elevated E.
coli concentrations result from sediment resus-
pension rather than sewage input (An et al.,
2002). Certainly, more research is needed in
this area to improve our knowledge about the
circumstances under which sewage from small
to medium-sized vessels becomes a real threat
to natural ecosystems and human health.

Physical damage

One of the greatest concerns about recrea-
tional, fishing and tourist vessels was the use of
anchors, and accidental groundings, when
moored at a destination away from their usual
port or mooring area. A lot of anecdotal evi-
dence has long been reported, with surveys of
coral reefs from, for example, Florida (Davies,
1977), the Galapagos Islands (Glynn, 1994),
the Philippines (McManus et al., 1997), Sri
Lanka (Rajasuriya et al., 1998), Zanzibar (John-
stone et al., 1998) and Egypt (Jameson et al.,
1999). Similarly, though in somewhat more
detail, damage has been reported for seagrass
beds in Australia (Walker et al., 1989; Hastings
et al., 1995), the Mediterranean Sea (Francour
et al., 1999) and in Florida (Zieman, 1976;
Dawes et al., 1997). Furthermore, erosion from
propeller and vessel wash has been demon-
strated, assessed or reviewed for many rivers,
freshwater reservoirs or estuarine systems
(Moss, 1977; Liddle and Scorgie, 1980; Smart
et al., 1985; Nanson et al., 1994; Schoell-
hammer, 1996; Doyle, 2001). Again, the mag-
nitude of impacts were dependent on the type
of vessel, its frequency of use, the type of sedi-
ment, coral or seagrass bed affected and, most
importantly, the water depth in which the vessel
was operated.

Disturbance to fauna

Many of the early research projects focused on
waterfowl using inland reservoirs, lakes and
river systems (e.g. Batten, 1977; Liddle and
Scorgie, 1980; Tuite et al., 1984), but later
expanded to cover almost any type of water
body and many different bird species (e.g.
Mikola et al., 1994; Perry and Deller, 1996;
Steidi and Anthony, 1996; Galicia and
Baldassarre, 1997; Mori et al., 2001; Ronconi
and St. Clair, 2002). It would be far beyond the
scope of this chapter to review every single
aspect of these disturbances, but many studies
concluded that increased flushing responses (in
frequency and duration) resulting from boating
activities can lead to lower breeding success
and, therefore, long-term ecological conse-
quences. More drastic disturbances were re-
ported first for Florida’s manatees or sea cows
(Trichenus manatus latirostris) (see discussion
in Marmontel et al., 1997; Langtimm et al.,
1998) and later other large marine mammals
(e.g. Wells and Scott, 1997; Visser, 1999): indi-
viduals of these species were observed with
deep propeller scars or found dead, presum-
ably killed as a result of a boat collision (mostly
manatees).

More recently, the rapidly increasing num-
ber of whale-watching tours have attracted the
attention of a number of researchers. An earlier
review suggested that response thresholds for a
variable or increasing sound, e.g. an approach-
ing boat, are low compared to steady or pulsed
sounds such as drilling or seismic noises
(Richardson and Würsig, 1997). Further studies
confirmed that most whales or dolphins change
their behaviour in response to boat noise or
appearance (Janik, 1996; Bejder et al., 1999;
Nowacek et al., 2001; Van Parijs and Corkeron,
2001), but noise levels don’t seem to be capa-
ble of causing hearing damage (Au and Green,
2000). Results from these studies also indicated
a potential for habituation to the sound and
appearance of tourboats; however, this seemed
to be dependent not only on the species but
also on experiences of individuals or a group of
individuals. Indeed, other studies suggested
that, where they can avoid boat encounters,
some large cetaceans prefer this type of
response over habituation (Duffus, 1996).

110 J. Warnken and T. Byrnes

BUCKLEY MAKE-UP  23/6/04  10:31 AM  Page 110



Visual interference and noise

Many people love boats in which to go fishing,
sailing, sight seeing or diving. Possibly an even
larger number of people do not share this
enthusiasm and regard boats as a nuisance.
There is little evidence in the scientific litera-
ture to demonstrate such a reaction; however, it
often emerges with submissions to environ-
mental impact statements (EISs) for marinas or
boat-mooring sites. Classic examples are the
many proposals for such structures in and
around Sydney and Melbourne. Many projects
were considered visually obtrusive and not
approved, or downscaled in a substantial
manner (Warnken, unpublished data 1996).
Noise, particularly that of two-stroke engines
from PWCs, has been used by many local resi-
dent groups to lobby for a ban of small recrea-
tional craft on waterways in urban or rural
areas. Some evidence from Alaska and New
Zealand suggests that these aspects of boat
operations could, in fact, be of relevance to
tour operators: opinions of visitors to the
Glacier Bay National Park shifted from ‘neutral’
or ‘pleasant’ to ‘unpleasant’ and ‘very unpleas-
ant’ with increasing hypothetical numbers of
cruise ships, tourboats, pleasure craft or aircraft
(Manning et al., 1996), and hikers on tracks
adjacent to New Zealand’s Dart River saw
noise as a primary annoying feature of jet-boat
activity on the river (Graham, 1999).

Conclusions

This review of the current scientific literature on
boat impacts reveals only few studies that
directly addressed specific aspects of marine
tourboat operations. However, in summary, it is
safe to conclude that wherever boats or vessels
accumulate in one area, or use a particular area
frequently, there is a high probability that such
use will cause a detectable change in one or
several of the parameters discussed above.
Such changes may not necessarily lead to irre-
versible impacts, e.g. concentration of pollu-
tants over and above guideline values for
environmental standards. Where impacts do
occur, it is often difficult to separate pollution
or disturbances from small to medium-sized
boats from those of large commercial vessels,

let alone impacts from tourboats against those
from recreational vessels. Notable exceptions
from this rule are, of course, impacts associated
primarily with tourism, e.g. impacts on large
marine vertebrates as a result of wildlife-
watching tours.

Many national and international regulatory
authorities have recognized these potentials for
impacts and enacted or amended regulations
that address these problems at a broad scale, e.g.
a total ban onTBT-based antifouling paints (IMO,
2001), more stringent exhaust emission stan-
dards for two-stroke outboard engines (EPA,
1996), or general requirements for installation of
holding tanks (Transport Operations (Marine
Pollution) Act 1995 Qld). Even for whale-watch-
ing tours, many nations have enacted regulations
that define how and to what distance whales can
be approached by tourboats. Furthermore, many
nature conservation agencies have started to col-
laborate with operators to organize permanent
swing moorings for sensitive anchor sites (e.g.
installation of moorings for bareboats by the
Great Barrier Reef Marine Park Authority
(GBRMPA) and Queensland Parks and Wildlife
Services (QPWS) around the Whitsundays
Islands, Australia). All in all, most unsustainable
impacts on the marine environment can be
avoided where tourboat operators: (i) maintain
an open mind about their activities and acknowl-
edge their potential for causing impacts; (ii) con-
tinue to educate themselves about, and
implement, new regulations and technologies;
and (iii) collaborate with relevant authorities and
other members of the boating community. In the
end, it is in the interest of all local users, i.e. fish-
ermen, recreationists and tour operators, to pro-
tect their often-limited section of marine
environment and, ultimately, their livelihoods.
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Vessel type Pollutants Visual interferenceFr
eq

E
xt

Fr
eq

E
xt

Fr
eq

E
xtPhysical damage Disturbance to fauna CommentFr
eq

E
xt

Fr
eq

E
xtEmission of noise

Kayak, canoe,
sea kayak

Release of urine and
faeces (rare on short
day trips); 
disposal of
accumulated solid
wastes after trip

Vessels beached on
shore, accumulation of
trailers unlikely (either
transported on car or >1
vessel per trailer)

�

↓

�

�

↓ � – �Damage to
sediments during
launching

Sensitive species – if
vessel is launched
close to animal

Impacts generally low:
vessels usually
launched from
protected beach, no
engine, no antifouling,
food and solid wastes
common

– � – �Un-obstrusive, some
noise from stowing
paddles and gear

Table 7.2. Impacts or disturbances of tourist vessels during mooring/launching.

Appendix

Small sailing
catamaran or
dinghy

Unlikely (vessel only
used for short trips with
little or no food
supplies, etc.)

Vessels kept on
designated shore area
above high-water mark

– � � � – �As for kayaks As for kayaks,
though less likely
(vessels rarely
operated in areas
occupied by
sensitive species)

Hire vessels usually
launched from small
designated areas,
impacts generally small
and localized (no
engines, no antifouling,
no storage)

↓ � ↑ �When beached,
clatter from sails,
running gear

Personal water
craft (PWC)

Fuel (spillage) during
refills; 
heavy metals from
trailers and sacrificial
anodes (engine)

During popular boating
times (i.e. sunny
weekends),
accumulation of empty
trailers and beached
vessels

�

�

�

�

↑ ? ? ?Resuspension of
sediments in shallow
areas

Most species –
mostly through
appearance and
noise when leaving
launch area

Jet-propelled small
vessels with powerful
engines, launched from
boat ramps and often
beached to exchange
passengers or rest

↑ 	 ↑ 	Extensive noise from
starting and
repairing engines

Outboard tinnie
and half cabin
outboard
cruiser

Fuel spillage similar to
PWC; 
heavy metals similar to
PWC; 
release of CU and
booster herbicides from
antifouling paints (hire
vessels)

Similar to PWC↑

�

↓

�

�

�

↑ � ? ?Similar to PWC Similar to PWC Very common type of
vessel in coastal areas,
cabin cruiser hire
vessels often moored in
wet berths

↑ 	 ↑ 	Extensive noise from
running outboard
engines when
flushing out cooling
water
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Semi-rigid
inflatable (SRI)

Fuel spillage similar to
PWC; 
heavy metals similar to
PWC

Type of vessel
uncommon (only used
by a few operators),
accumulation of SRI
trailers unlikely

↑

�

�

�

↓ � ? ?Similar to PWC Similar to PWC Vessels used by dive
tour operators (limited
numbers), most vessels
kept on trailers

↓ � ↓ 	Similar to PWCs

Speedboat (If kept in wet berth) Zn,
Cu and booster
herbicides similar to
sailing yacht; 
fuel spills during refills; 
release of oil, grease
and fuel residues when
draining the bilge after
trip

Low hulls hard to see
amongst other vessels
in marinas or boat
harbours, trailers can
accumulate during
speedboat race events

↓

↓
↓

�

�

�

↓ 	 ? ?If moored in a wet
berth, similar to
sailing yacht;
otherwise similar to
PWC

If moored in a wet
berth, unlikely to
encounter sensitive
species; otherwise
similar to PWC

Fast moving vessels
with powerful engines,
not as common as
outboard tinnies and
sailing yachts
(expensive to run)

↓ � ↓ �Similar to outboard
tinnies if kept on a
trailer

Sailing yacht
(incl. racing
yachts and
historical sailing
vessels)

Continuous release of
Cu and booster
herbicides from
antifouling paints, Zn
from sacrificial anodes; 
release of detergents
and wastes from
preparing vessels for
next customer; 
diesel fuel spills during
refills; 
release from oil, grease
and fuel residues during
bilge pump-outs

Masts being visible from
many view points along
a shore

�

↑

�

�

�

�

�

�

– � – �Sediment
resuspension,
grounding

Where moored in a
wet berth, unlikely to
encounter sensitive
species

Slow-moving vessels
with small engines, keel
(fin or full) deeper than
propeller (little chance
for sediment re-
suspension), apart from
small trailer sailers –
vessels moored in wet
berths

↑ 	 ↑ 	Clatter from running
gear, noise from
wind howling past
mast stays

Houseboat Zn, Cu and booster
herbicides similar to
sailing yacht;
detergents and wastes
similar to sailing yacht;
fuel spills during refills; 
release of oil, grease
and fuel residues during
engine well pump-outs

Houseboats have high
and square-looking
above-deck structures;
where vessels are
moored together in
large numbers, they
resemble a small
floating village

�

↑

↓
↓

�

�

�

�

↑ 	 – �Sediment
resuspension similar
to PWC or outboard
tinnie

Similar to sailing
yacht

Usually moored in areas
designated for a
houseboat fleet (often
shallow depths)

� 	 ↑ 	Similar to outboard
tinnies and half-
cabin outboard
cruisers

Continued
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Ex-commercial
fishing vessel

Zn, Cu and booster
herbicides similar to
sailing yacht;
detergents and wastes
similar to sailing yacht;
diesel fuel spills during
refills;
release of oil, grease
and fuel residues during
bilge pump-outs

Similar to fly-bridge
cruiser, but usually only
a few vessels per
launching area

�

↑

↓

↓

	

�

�

	

↓ 	 – �Similar to fly-bridge
cruiser

Similar to sailing
yacht

Vessels usually occupy
large designated berths
(often with small visitor
terminal); because of
their potential to serve a
large number of
customers, vessels
unlikely to accumulate
in a single marina or
boat harbour

� 	 ↑ 	Similar to fly-bridge
cruisers

Catamaran
registered for
around 300 to
400 passengers

Zn, Cu and booster
herbicides similar to
sailing yacht;
detergents and wastes
similar to sailing yacht;
diesel fuel spills during
refills;
release of oil, grease
and fuel residues during
bilge pump-outs

Large above-deck
structures several
storeys high and clearly
visible from shoreline,
but usually only 1 or 2
vessels per visitor
terminal

�

↑

↓

↓

�

	

	

	

↑ � – �Sediment
resuspension
widespread during
mooring
manoeuvres

Similar to sailing
yacht

Vessels moored in
designated wet berths
close to cruise
terminals, vessels
operated daily except
for times of bad
weather; because of
their capacity to carry
up to 300 passengers, a
few (1–3) vessels can
serve the demand in
one destination

↓ � ↑ �Noise from engine
exhausts (powerful
diesel engines)

Freq�Frequency of effect [based on technical and practical (operational) knowledge from Australian boat tour operators]: unknown, ?; highly unlikely, –; unlikely, ↓; uncommon, �; common, ↑;
always, �.
Ext�Extent of effect [based on technical and practical (operational) knowledge from Australian boat tour operators]: unknown, ?; negligible, �; minor, �; considerable, 	; widespread, �.
Cu, copper; Zn, zinc.

Vessel type Pollutants Visual interferenceFr
eq

E
xt

Fr
eq

E
xt

Fr
eq

E
xtPhysical damage Disturbance to fauna CommentFr
eq

E
xt

Fr
eq

E
xtEmission of noise

Table 7.2. Continued

Fly-bridge
fishing cruiser

Zn, Cu and booster
herbicides similar to
sailing yacht;
detergents and wastes
similar to sailing yacht;
diesel fuel spills during
refills;
release of oil, grease
and fuel residues during
bilge pump-outs

Fly-bridge and fishing
gear being visible from
many viewpoints along
a shore

�

↑

�

�

�

�

�

�

� 	 – �Due to powerful
engines, greater
potential for
sediment
resuspension

Similar to sailing
yacht

Fast-moving vessel with
powerful engines,
common in many
marinas and often used
for offshore or near-
shore fishing tours –
vessels can accumulate
in marinas near popular
fishing spots

↑ 	 ↓ 	Noise from wind
howling past fishing
rods, etc.;
noise from engine
exhausts
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Vessel type Pollutants Visual interferenceFr
eq

E
xt

Fr
eq

E
xt

Fr
eq

E
xtPhysical damage Disturbance to fauna CommentFr
eq

E
xt

Fr
eq

E
xtEmission of noise

Kayak, canoe,
sea kayak

Release of urine (rare on
short day trips);
Loss of solid wastes

Little or none (very low
hull, hard to see from a
distance)

–

–

�

�

– � – �None Sensitive species – if
vessel is
manoeuvred too
close to animal

Impacts generally very
low: only accidents
(loss of waste,
grounding) could lead to
very minor impacts

– � – �Unobtrusive, some
noise from paddles
bumping against hull

Table 7.3. Impacts or disturbances of tourist vessels in transit to destination(s).

Small sailing
catamaran or
dinghy

Release of urine Vessels can accumulate
during peak holidays
paired with fine weather

– � ↓ � – �Grounding (vessels
often used in
shallow areas)

As for kayaks Impacts generally low,
accumulation of vessels
(with mostly colourful
sails) can be perceived
as ‘disturbing’

↓ � – �Little or none (no
engine)

Personal water
craft (PWC)

Unburnt fuel residues
from two-stroke
engines*;
Zn from sacrificial
anodes (engine)

During popular boating
times (i.e. sunny
weekends),
accumulation of vessels

�

�

	

�

↓

�

?

�

? ?Resuspension of
sediments;
boat wakes

Most species –
mostly through
appearance and
noise

Jet-propelled small
vessels with powerful
engines, launched from
boat ramps and often
beached to exchange
passengers or rest

↑ � � 	Extensive noise from
revving high-power
engines

Outboard tinnie
and half-cabin
outboard
cruiser

Unburnt fuel residues*; 
release of urine;
Zn from sacrifical
anodes (engine);
loss of solid wastes;
release of Cu and
booster herbicides from
antifouling paints (hire
vessels)

Similar to PWC↑
↑
�

�
↓

	

�
�

?
�

�

↑
�

�

�

�

?
?

?
	

Resuspension of
sediments;
boat wakes;
groundings (when
trying to manoeuvre
to fishing spots, etc.
in shallow areas)

Similar to PWC;
vessel strikes and
propeller cuts from
direct hits

Very common type of
vessel in sheltered
coastal areas and
therefore likely to
accumulate in large
numbers along popular
transit routes (major
waterways)

↑ � � 	Noise from running
outboard engines

Semi-rigid
inflatable (SRI)

Unburnt fuel residues*;
Zn from sacrificial
anodes (engine);
loss of solid wastes

Types of vessel
uncommon (only used
by a few operators)

�

�

↓

	
�

?

↓

�

�

�

? ?Resuspension of
sediments;
boat wakes

Similar to PWC Vessels mostly used by
dive tour operators for
short trip to dive site or
as service vessels for
bareboat operators, etc.

↓ � � �Similar to PWCs

Continued
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Sailing yacht
(incl. racing
yachts and
historical sailing
vessels)

Continuous release of
Cu and booster
herbicides from
antifouling paints, Zn
from sacrificial anodes; 
release of detergents
and wastes (incl. toilet
wastes);
release of oil, grease
and fuel residues during
bilge pump-outs

Sails visible from many
view points along a
shore, white sails often
perceived as ‘positive’
effect (sailing nostalgia)

�

�

↑

�

�

�

–

↑
↑

�

�

�

– ?Sediment
resuspension;
boat wakes;
grounding

Sensitive species
(most yachts move
too slow to trigger
panic-like escape
reactions)

Slow-moving vessels
with small engines, keel
(fin or full) deeper than
propeller (little chance
for sediment
resuspension), apart
from small trailer sailers
– vessels moored in wet
berths

↑ 	 ↑ �Some noise from
exhaust when
running under
engine

Houseboat Zn, Cu and booster
herbicides similar to
sailing yacht;
detergents and wastes
similar to sailing yacht;
release of oil, grease
and fuel residues during
engine well pump-outs

Houseboats are more
considered as
residential units (not
boats) and therefore
often perceived as ‘out-
of-place’

�

�

↑

�

�

�

↑ 	 – ?Sediment
resuspension similar
to PWC or outboard
tinnie

Similar to sailing
yacht

Slow-moving vessel
often powered by two
outboard engines linked
to inboard fuel tanks,
shallow draught and
small wakes

� 	 � 	Similar to outboard
tinnies and half-
cabin outboard
cruisers

Fly-bridge
fishing cruiser

Zn, Cu and booster
herbicides similar to
sailing yacht;
detergents and wastes
similar to sailing yacht;
release of oil, grease
and fuel residues during
bilge pump-outs

Fly-bridge and fishing
gear being visible from
many viewpoints along
a shore

�

↑

↑

�

�

�

↓

↑

�

�

↑

?

?

�

Sediment
resuspension; 
boat wakes (shore
bank erosion)

Most species –
mostly through
appearance and
noise;
hull strikes, propeller
cuts from direct hits

Fast-moving vessel with
powerful engines,
common in many
marinas and often used
for offshore or near-
shore fishing tours –
vessels can accumulate
in marinas near popular
fishing spots

↑ 	 � 	Noise from exhaust

Vessel type Pollutants Visual interferenceFr
eq

E
xt

Fr
eq

E
xt

Fr
eq

E
xtPhysical damage Disturbance to fauna CommentFr
eq

E
xt

Fr
eq

E
xtEmission of noise

Table 7.3. Continued

Speedboat Unburnt fuel residues;
Zn from sacrificial
anodes (engine);
loss of solid wastes

High speeds and
considerable propeller
wash, parachutes from
parasailing vessels

�

�

�

	
�

?

↓ � ?
?

?
�

Resuspension of
sediments; boat
wakes

Similar to PWC;
vessel strikes and
propeller cuts

Fast-moving vessels
used for short trips

↑ 	 � �Noise from running
powerful engines
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Catamaran
registered for
around 300 to
400 passengers

Zn, Cu and booster
herbicides similar to
sailing yacht;
detergents and wastes
similar to sailing yacht;
release of oil, grease
and fuel residues during
bilge pump-outs

Large above-deck
structures several
storeys high and clearly
visible from shoreline,
vessels often operated
along well-defined
routes but usually only
one or two vessels in
the same location at any
time

�

↑

↑

	

	

	

↓

↑

	

�

↑

–

�

�

Sediment
resuspension; 
boat wakes (shore
bank erosion)

Most species –
though mostly
through appearance
and noise;
propeller cuts from
direct hits (see
comments)

Most vessels are
capable of high speeds
and because of their
overall size, boat wakes
are usually
considerable; many
vessels use jet
propulsion, which
reduces chances of
propeller cuts and
sediment resuspension

↓ � � �Noise from engine
exhausts (powerful
diesel engines)

Freq�Frequency of effect [based on technical and practical (operational) knowledge from Australian boat tour operators]: unknown, ?; highly unlikely, –; unlikely, ↓; uncommon, �; common, ↑;
always, �.
Ext�Extent of effect [based on technical and practical (operational) knowledge from Australian boat tour operators]: unknown, ?; negligible, �; minor, �; considerable, 	; widespread, �.
Cu, copper; Zn, zinc.
* emissions of unburnt fuel residues are likely to be reduced for modern, direct-injection two-stroke engines, and practically no issue for four-stroke outboard engines (uncommon though for PWCs).

Ex-commercial
fishing vessel

Zn, Cu and booster
herbicides similar to
sailing yacht;
detergents and wastes
similar to sailing yacht;
release of oil, grease
and fuel residues during
bilge pump-outs

Similar to fly-bridge
cruiser, but usually only
a few vessels in a given
tourist destination
(except for major fishing
ports)

�

↑

↑

�

�

�

↓

↑

�

�

↑

?

?

�

Sediment
resuspension; 
boat wakes (shore
bank erosion)

Most species –
mostly through
appearance and
noise;
hull strikes, propeller
cuts from direct hits

Most vessels not
capable of planing, they
therefore operate at a
lower speed than fly-
bridge cruisers (less
chance of hitting fauna,
but greater chance of
shore bank erosion from
larger boat wakes)

↓ 	 � 	Noise from exhaust
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Vessel type Pollutants Visual interferenceFr
eq

E
xt

Fr
eq

E
xt

Fr
eq

E
xtPhysical damage Disturbance to fauna CommentFr
eq

E
xt

Fr
eq

E
xtEmission of noise

Kayak, canoe,
sea kayak

Release of urine (rare on
short day trips)

Little or none (very low
hull, hard to see from a
distance)

– � – � – �None Sensitive species
when taken by
surprise

Impacts generally very
low: vessels are moved
slowly or left to drift

– � None

Table 7.4. Impacts or disturbances of tourist vessels at destination in open or sheltered waters.

Outboard tinnie
and half-cabin
outboard
cruiser

Release of toilet wastes,
burley, fishing gear;
release of Cu and
booster herbicides from
antifouling paints (hire
vessels)

Vessels accumulate at
popular fishing spots
(larger half-cabin
cruisers share the same
anchor sites with sailing
yachts)

↑

↓

�

�

↑ 	 ↑ ?Resuspension of
sediments or
damage to coral
from anchor and
chain

Sensitive species
when restarting the
engine

At destination, vessels
commonly used for
recreational line fishing

↑ � ↓ �If not used for
fishing, noise from
people shouting and
jumping overboard,
etc.

Semi-rigid
inflatable (SRI)

Loss of dive gear,
towels, etc.

Vessels can accumulate
at popular dive spots

↓ ? ↑ 	 ↑ ?Similar to outboard
tinnie

Similar to outboard
tinnie

Some dive operators
have detailed local
knowledge that help to
minimize impacts

↓ � � 	Clanking of dive
gear against scuba
tanks

Sailing yacht
(incl. racing
yachts and
historical sailing
vessels)

Continuous release of
Cu and booster
herbicides from
antifouling paints, Zn
from sacrificial anodes;
release of detergents
and wastes (incl. toilet
wastes); 
release of oil, grease
and fuel residues during
bilge pump-outs

Vessels can accumulate
at popular anchor sites
(see also fly-bridge
cruiser)

�

↑

�

�

	

�

↑

↑

	

	

↑ ?Similar to outboard
tinnie;
grounding when
miscalculating tides
(in shallow areas)

Similar to outboard
tinnie

Vessels are anchored
during most trips (if only
for a lunch break)

↑ 	 ↑ �Parties, radios,
people jumping
overboard, etc.

Houseboat Zn, Cu and booster
herbicides similar to
sailing yacht;
detergents and wastes
similar to sailing yacht;
release of oil, grease
and fuel residues during
engine well pump-outs

Houseboats can
accumulate at popular
anchor sites during
holidays

�

↑

�

�

	

�

↑ 	 ↑ ?Similar to sailing
yacht

Similar to sailing
yacht

Because most vessels
are so slow, they are
anchored for practically
every trip and often in
shallow areas which
can result in frequent
groundings

� 	 ↑ �Similar to sailing
yacht
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Fly-bridge
fishing cruiser

Zn, Cu and booster
herbicides similar to
sailing yacht;
detergents, toilet
wastes, solid wastes
(fishing gear);
release of oil, grease
and fuel residues during
bilge pump-outs 

Vessels often share
anchor sites with sailing
yachts

�

↑

�

�

	

	

� 	 ↑ ?Resuspension of
sediments or
damage to coral
from anchor and
chain

Similar to sailing
yacht

Compared to sailing
yachts, most cruisers
provide more usable
space for the same
length overall –
therefore parties are
more likely to be held
on these types of
vessels; groundings are
less common because
of a greater risk of
damaging rudder and
props

↑ 	 ↑ �Similar to sailing
yacht

Ex-commercial
fishing vessel

Zn, Cu and booster
herbicides similar to
sailing yacht;
detergents and wastes
similar to fly-bridge
cruiser;
release of oil, grease
and fuel residues during
bilge pump-outs

Vessels could add to
crowdedness at popular
dive and fishing spots

�

↑

�

�

�

�

↑ 	 ↑ ?Similar to fly-bridge
cruiser

Similar to sailing
yacht

Most vessels not
equipped with facilities
allowing overnight stays
carrying numerous
customers

↓ 	 � 	Similar to SRIs (and
fly-bridge cruisers if
used for overnight
trips)

Catamaran
registered for
around 300 to
400 passengers

Zn, Cu and booster
herbicides similar to
sailing yacht;
detergents, toilet
wastes* and food
wastes (fish feeding)

Large above-deck
structures several
storeys high can leave
impression of vessel
being ‘out-of-place’ or
fully occupying a small
anchorage

f

↑

	

	

↓ 	 ↑ 	Similar to fly-bridge
cruiser (if not
moored to a fixed
mooring system)

Attraction of large
pelagic species (fish
feeding, provision of
hull shade)

When at destination,
passengers are usually
entertained, on-board
facilities are being used,
auxiliary engines are
kept running

↑ 	 f hNoise from auxiliary
engines, radios or
shop intercom,
people jumping
overboard, etc.

* In certain areas (e.g. the Great Barrier Reef Marine Park) large tourist vessels are required to use holding tanks at anchor sites which can only be discharged at a certain speed and distance from a
sensitive area.
Freq�Frequency of effect [based on technical and practical (operational) knowledge from Australian boat tour operators]: unknown, ?; highly unlikely, –; unlikely, ↓; uncommon, �; common, ↑;
always, �.
Ext�Extent of effect [based on technical and practical (operational) knowledge from Australian boat tour operators]: unknown, ?; negligible, �; minor, �; considerable, 	; widespread, �.
Cu, copper; Zn, zinc.
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Introduction

‘Water-based recreation forms a major value of
water resources to the community . . .’ (Office of
the Commissioner for the Environment,Victoria,
1988). ‘The trail bike, the power boat and the
snowmobile are seen as symbolic of a society
that arrogantly exploits and consumes re-
sources’ (Pigram, 1983). With an increase in lei-
sure time available to the majority of the
working population over the years, the opportu-
nities to pursue outdoor recreational activities
have risen. In particular, more active, water-
based sports, including activities such as water-
skiing and power-boating, appear to be high on
the list of desirable outdoor leisure pursuits and
have grown rapidly in popularity (Jaakson,
1970; Tanner, 1973; Craig, 1977; McCall and
McCall, 1977; Pigram, 1983). Power-boating, in
particular, has increased quite significantly
since the 1960s (Horsfall et al., 1988; Hodges,
1991); this includes both boating per se and
boating for the purpose of towing water-skiers.
In Australia, Mercer (1977) reported that power-
boating and water-skiing are increasing at a rate
of 20–24% per year, while Prosser (1985) com-
mented on the fast increase in the number of
people taking part in water-based recreational
activities.

Advances in materials technology (e.g.
high-strength plastics) have made water-skiing

and boating equipment more affordable, with
the result that high-speed, water-based recrea-
tion activities have become more popular and
readily accessible to a wider section of the
community (McCall and McCall, 1977). For
example, this is reflected in the fact that the
annual growth rate for boat sales in Canada
alone is 3% (Jaakson, 1993). During a 1992/93
survey of sporting activities in Australia,
responses indicated that 12% of the popula-
tion participate in water-skiing, with the major-
ity being in the 16–29-year age group (Brian
Sweeney and Associates, 1993). Be it due to
ease of accessibility, the smoothness of the
water, or perceived safety reasons, a large and
steadily increasing percentage of recreational
boating takes place on inland water bodies
(Adams, 1993), and there appears to be an
increasing demand by the public for the devel-
opment of more reservoirs, lakes and streams
for recreational activities (Department of
Community Services and Health, 1990).
Burton (1989) noted that, in south-eastern
Australia in particular, water-based recrea-
tional activities, including water-skiing, take
place mainly in and on these bodies of water.
Many tourist centres adjacent to water
resources (e.g. major rivers and lakes) now
offer commercial water-ski, jet-ski and ‘para-
sailing’ experiences, all involving the oper-
ation of high-powered water craft. In recent
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years, problems with jet skis in particular have
become increasingly common, as they are
easily transported and can be launched virtu-
ally anywhere (cf. Ward and Andrews, 1993).

Past research into the effects of power-
boating has produced some conflicting results
(Australian Water Resources Council, 1984);
however, most studies have come to the con-
clusion that power-boating and water-skiing
can create a number of problems for aquatic
environments and their surrounding riparian
and terrestrial systems; in particular, impacts in
lakes and water-storage reservoirs. Pigram
(1983) noted that in situations where special-
ized recreational equipment (e.g. power-boats,
trailbikes) is used, their operation will add to
the degradation of a recreational site and also
affect its chances of recovery.

Jaakson (1970) raised several questions
regarding water-based recreation activities on
lakes, including whether the flora, fauna and
water quality of lakes subjected to high recrea-
tional usage are adversely affected, and
whether lakes actually have an identifiable
capacity limit for carrying this type of recrea-
tion. The recreational carrying capacity of a
lake can be estimated by taking into account
the three main groups of water-based recrea-
tional activities (after Jaakson, 1970):

1. On-water activities (activities taking place
on the water surface, e.g. power-boating, jet-
skiing, water-skiing).
2. Contact activities (activities where the
body is in contact with the water, e.g. swim-
ming, diving).
3. Littoral activities (activities taking place
on land surrounding the lake and within sight
of the water, e.g. picnicking, sightseeing,
hiking).

In discussing these recreational categories,
Jaakson (1970) stated that while contact and lit-
toral activities are relatively leisurely in nature,
on-water activities utilize boats, and are thus
associated with noise, speed and pollution
through exhaust, fuel and oil discharges, neces-
sitating rigid controls. Water-skiing (and power-
boating on its own) does also have an impact
on, and may conflict with, many other aquatic
and land-based recreational activities (Feil-
man Planning Consultants, 1987). Power-boat-

based recreational activities can diminish the
‘enjoyment quality’ of shore-based activities, in
particular through noise pollution (cf. Jaakson,
1970: conflict between on-water and contact/
littoral activities). Pigram (1983) stated that
power-boating and water-skiing are the two
water-based activities that are most likely to
provoke opposition from people participating
in other, more sedate, recreational activities.
This is certainly the case at Brown Lake, the
subject of our case study, described below.
Both Jaakson (1988) and Murphy et al. (1995)
noted that the impact of a boat on the environ-
ment can be related directly to its speed, with
disturbance escalating with increasing boat
speed. Thus, by their very nature, power-
boating and water-skiing are both high-impact
recreational activities and have not only the
potential for environmental damage, but also to
exclude, restrict or endanger other leisure
activities taking place in and on a water body
(McCall and McCall, 1977; Bate, 1985;
Garmann and Geering, 1985a; Edmonds et al.,
1987); for example, through noise pollution,
exhaust fumes, dangers to other users (espe-
cially swimmers) and interfering with recrea-
tional fishing.

Three major annotated bibliographies cov-
ering the effects of recreational boating on
inland water bodies have been published in the
past: Pearce and Eaton (1983) covered some
418 research works on this topic, York (1994)
produced a bibliography including 111 papers,
while Marston and Yapp (1992) have compiled
an annotated bibliography on the quality of rec-
reational waters in alpine areas (118 refer-
ences). Water-skiing effects on their own have
been examined less frequently and have mainly
been dealt with under the topic of power-
boating. Some of the specific effects of power-
boating on the ecology of inland water bodies
have been addressed in a number of studies
(e.g. Liddle and Scorgie, 1980; Horsfall et al.,
1988; Adams, 1993; Murphy et al., 1995;
Warrington, 1999). However, there are no
recent reviews dealing exclusively with the
major effects of power-boating and water-
skiing on lakes, water-storage reservoirs and
rivers.

The aim of this chapter is to provide a con-
cise overall review of the main findings of
studies undertaken in the past on the subject of
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motorized recreational boating on inland
waters and their effects on aquatic ecosystems.
The review has been structured around three
main types of impact:

• physical impacts;
• chemical impacts;
• ecological impacts.

Each of these impact groups is further subdi-
vided into relevant categories, where the
impacts are discussed in detail, including a
case study of the impacts, primarily chemical,
of power-boating and water-skiing on an
Australian freshwater lake.

Impacts of Power-boating and Water-
skiing

Bate (1985) stated that both power-boating and
water-skiing are sources of disturbance on
water bodies, while Pressey and Harris (1988)
noted that, in New South Wales, power-boat
usage on wetlands can cause substantial envi-
ronmental damage. Jaakson (1988) considered
water-skiers to be ‘high-impacting boats’, with
the boat and the water-skier as a combined unit
taking up large areas of water. Tables 8.1 and
8.2 summarize the space requirements for
some popular water-based recreational activ-
ities. As can be seen from the data presented,
power-boating and water-skiing activities are
the most space-demanding activities, with their
inherent nature of operation allowing only a
small number of users to participate in these
activities at any one time.

Physical Impacts

Wave action

Possibly the most obvious power-boat-related
impacts on a body of water are waves and wash.
Wave action resulting from recreational power-
boating can best be classified as a form of
mechanical disturbance, causing far-reaching
problems due to damage of banks, in particular
by erosion. Kuss et al. (1990) reported that the
operation of power-boats causes more damage
to shorelines by way of erosion than other types
of boating (e.g. sailing, rowing). A number of
studies have reported on these erosional effects
(e.g. Tanner, 1973; Moss, 1977; Liddle and
Scorgie, 1980; Fallen, 1985; Garrad and Hey,
1988; Pressey and Harris, 1988; Ward and
Andrews, 1993; Liddle, 1997) and the physical
damage to both emergent and floating water
plants due to power-boating activity (e.g. Cragg
et al., 1980; Vermaat and de Bruyne, 1993;
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Table 8.1. Average capacity standards for boating and related activities (adapted from Baud-Bovy and
Lawson, 1977; applicable to lakes with a surface area of up to 50 ha).

Capacity (Number of users per ha of water)

No. of boats Max. instantaneous
Activity Area per boat (m2) per ha capacity Max. daily capacity

Fishing 2,500–5,0000 2 2–4 5–80
Small boatsa 1,800–5,0000 2–6 4–12 10–30
Sailing boats 5,000–10,000 1–2 3–6 10–15
Power-boats 15,000–30,000 0.3–0.6 1–2 5–10
Water-skiing 20,000–40,000 0.25–0.5 0.7–1.5 5–15

a ‘Small boats’ refers to low-powered motor boats, rowing boats, etc.

Table 8.2. Recommended density limits for
boating (adapted from Council on Environmental
Quality, 1975).

Max. number of
boats per acre of

Boat type reservoir water

High speed (unrestricted 0.33
engine size)

Low speed (10 hp) 1.33
Non-motorized 2.33
Fishing 1.33
Sail 1.33
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Murphy et al., 1995). In a report on the inland
waters of Victoria (Office of the Commissioner
for the Environment, Victoria, 1988), erosion
was listed as an identified impact due to power-
boating. Both Liddle and Scorgie (1980) and
Murphy et al. (1995) noted that the mechanisms
of boat-generated waves can severely erode the
roots of plants growing on the bank. Murphy et
al. (1995) detailed how aquatic plants are dam-
aged through the ‘uprooting, drag and tearing’
actions of these waves. In their study of the dis-
tribution of water plants in a river, Vermaat and
de Bruyne (1993) went so far as to consider
boat-generated waves as one of the main factors
determining the distribution of aquatic plants.
Boats do not even have to be operational in
order to cause erosion, since the process of
launching a boat (especially from a badly con-
structed launching site) can potentially cause
localized erosion (cf. Finlayson et al., 1988).

It is a well-known fact that the action of
waves is complex (Jaakson, 1988) and depends
on a number of variables, including the size,
shape and speed of the boat (Liddle and
Scorgie, 1980; Jaakson, 1988; Murphy et al.,
1995). The Tasmanian National Parks and
Wildlife Service has undertaken a series of
speed trials on the Gordon River to determine
the relationship between boat speed, wave
height and bank erosion (Cook, 1985). Some of
the results obtained are reproduced in Table
8.3, where it is shown that a lowering in boat
speed and engine speed (r.p.m.) resulted in
reduced wave heights, indicating that limiting
the speeds of boats would slow down river-
bank erosional processes (Cook, 1985; also
Garrad and Hey, 1988).

Garrad and Hey (1988) detailed the
sequence of boat-generated wave action on
river banks and how this affects bank stability:
as a vessel passes a given point, there is a rise
in the water level at the bank, followed by a
sudden drop and finally a series of smaller
waves. They also noted that the incidence of
boat-induced waves at the shoreline (and thus
the risk of erosion) can be reduced by a lower-
ing of boat speed or by increasing the distance
between boats and the bank. The erosional
actions of power-boat-generated wash and
waves are also dependent on the type and con-
sistency of the soil on the bank (Garrad and
Hey, 1988). Furthermore, Garrad and Hey

(1988) stated that the stabilizing nature pro-
vided by the root depth and density of any veg-
etation on the shoreline will contribute to
erosional resistance, with plants such as reeds
able to act as ‘wave-breaks’ and reduce the
force of incoming waves. It follows from the
above that the destruction of any such vegeta-
tion, due to, for example, boat launching or
mooring, will increase the risks of serious bank
erosion where power-boating activities take
place. Furthermore, power boat-created waves
and wash may also destroy bird nests floating
on the water, as reported by Reichholf (1976)
and Batten (1977).

However, when reviewing the literature,
there appear to be a number of conflicting
reports as to the effects of power-boat-induced
erosion. Hodges (1991) examined two cases
(on rivers) where it was claimed that increased
power-boating and water-skiing activity caused
serious bank erosion. He reported that, after
investigations by the relevant departments, in
both cases it was concluded that power-boating
only caused negligible, if any, bank erosion. In
these two cases, erosion in reaches where
power-boating took place stayed at approxi-
mately the same level as in areas where there
was no boating activity. In the Victorian
Department of Conservation and Environment
(1991) findings on the effects of water-skiing on
a stretch of the Loddon River, it was indicated
that ‘the relative contribution of water skiing is
small in comparison with other forces of ero-
sion . . .’, and that there were other areas of the
river which showed more signs of erosion than
at the site where water-skiing took place.

128 T.D. Mosisch and A.H. Arthington

Table 8.3. Results of boat speed/wave height
trials performed by the Tasmanian NPWS
(adapted from Cook, 1985).

Run Wave
No. Vessel R.P.M. Speed height

1 A 800 20 km/h, �20 cm
10 knots

2 A 900 22 km/h, �30 cm
11.8 knots

1 B 900 17 km/h, �15 cm
8.3 knots

2 B 1000 19 km/h, �20 cm
9 knots
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Another point noted in the paper by Hodges
(1991) was that power-boats, due to their
design, create very few waves once at operat-
ing speed, for example when towing a water-
skier. Significantly, it is when this type of boat is
turning (e.g. on smaller water bodies or when
negotiating slalom courses), that the waves cre-
ated could present considerable erosion prob-
lems, in particular where there is no riparian
vegetation. Hodges (1991) concluded that
power-boating does not necessarily cause any
erosion problems if ‘reasonable precautions are
taken’. Williamson et al. (1989), who investi-
gated impacts of water-skiing on an irrigation
water-supply dam, noted that the operation
(including launching procedures) of power
boats can cause erosion of the shoreline.
However, in this case, it was also found that no
obvious shore damage resulted from water-
skiing activity alone. Bate (1985) noted that
while power-boating has the potential to accel-
erate bank erosion through wave action, negli-
gible effects are likely to be caused on
industrial or irrigation water-supply storages.
Importantly, Garrad and Hey (1988) noted that
in the case of the Broadland waterways
(England), which they described as ‘low-energy
environments’, stream-bank erosion directly
attributable to boating activity was severe, with
channel width increases of up to 1.8m/year. As
a solution to this problem, Garrad and Hey
(1988) recommended a reduction in boat
speed.

Turbidity

Due to the mechanical action of boat propel-
lers, turbulence is created in the water in an area
immediately surrounding an outboard motor
propeller, leading to the resuspension of bed
sediments, especially in shallow waters, which
can then reduce the productivity of a water
body (Kirk, 1985). On lakes and smaller rivers,
the operation of recreational vessels is most
likely the major source of mechanical distur-
bance of the bed sediments. Moss (1977) inves-
tigated the causes of turbidity in the Norfolk
Broads wetlands and concluded that turbidity
in the water was caused, amongst other things,
by the mechanical disturbance (i.e. propeller
action) of sediments by recreational boats.

Smart et al. (1985) demonstrated that almost
every recreational vessel has the capacity to
resuspend sediments. While high-speed power-
boating and water-skiing activities, in particu-
lar, result in increased turbulence and thus
turbidity of the water (cf. Longworth and
McKenzie, 1986), the severity of this turbulence
is, amongst other factors, determined by the
design of the boat and the maximum output of
the motor (Liddle and Scorgie, 1980).

Turbidity due to power-boat operation is
the result of the disturbance of bottom sedi-
ments of a lake or river. Outward and downward
forces created by the passage of power boats
resuspend nutrient- and mineral-containing bed
sediments and erode the shoreline (Fallen,
1985). It has been shown that power-boat activ-
ity on a body of water can cause the resuspen-
sion of sediments and associated turbidity due
to the turbulence created by the propeller (e.g.
Pressey and Harris, 1988), and, in the case of
water storages, may lead to ‘premature siltation’
(Fallen, 1985). In particular, shallow areas are
affected by the stirring actions of boat propellers
(Kuss et al., 1990). The magnitude of sediment
resuspension will depend on the origin and
composition of the sediment itself, for example
its clay content (Liddle and Scorgie, 1980; Smart
et al., 1985). Clay suspensoids can stay in the
water column for days and up to weeks (Kirk,
1985).

However, it appears that, overall, power
boating may increase turbidity in a water body
for only a relatively short period, as observed by
Williamson et al. (1989), who stated that while
the operation of power boats does result in
increased turbidity (in particular in areas close
to the banks where erosion occurs; cf. Moss,
1977), it seemed to be only a temporary effect.
This was also observed by Horsfall et al. (1988),
who researched the impacts of recreational
power boating on lakes and noted that power-
boat-generated turbulence resulted only in a
temporary increase in turbidity. Hilton and
Phillips (1982) examined the effects of motor-
ized recreational boating on turbidity in a shal-
low English river. They noted that turbidity due
to resuspended bed sediments can affect the
growth of submerged macrophytes, and that
boats were responsible for most of the turbidity
present in the water. However, turbidity levels
returned to normal approximately 5.5 hours
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after boating activities had stopped. One point
that has to be considered in this respect is that,
in the case of rivers, resuspended sediments
would be carried downstream continuously
with the flow, and thus turbidity would be
expected to clear faster than in lakes. Moss
(1977) stated that suspended sediments would
sink back to the bottom quite rapidly, unless the
water is continuously reagitated by further
boating activity. However, Hilton and Phillips
(1982) found it unlikely that background tur-
bidity would build up throughout the length of
a complete boating season, and Moss (1977)
reported that sediments stirred up by outboard
motors did not appear to contribute greatly to
the sustained turbidity of water in the Norfolk
Broads wetlands. In another study by Jackivicz
and Kuzminski (1973a), the turbidity of a shal-
low pond where outboard motors were oper-
ated was compared with the turbidity of a
control pond. Results indicated that turbidity
was not measurably elevated by outboard
motor turbulence in the pond where these were
operated, even when outboards were running
for prolonged periods. However, they stated
that turbidity might, in fact, increase in lakes
where clay bed sediments prevail.

While there is extensive evidence that the
operation of power boats is responsible for the
disturbance of sediments and resultant in-
creases in turbidity (Cragg et al., 1980; Garman
and Geering, 1985a; Smart et al., 1985; Garrad
and Hey, 1988; Williamson et al., 1989), and
that a reduction in the operation of boats can
improve water quality by controlling turbidity
(Garrad and Hey, 1988), there have been
inconclusive reports as to the actual impacts of
boat-generated turbidity on the lake or stream
biota. Increased turbidity affects submerged
aquatic plants by inhibiting the penetration of
solar radiation by way of scattering and absorb-
ing solar photons and thus changing the pri-
mary productivity of a body of water (Kirk,
1985). Murphy and Eaton (1983) found that
increases in recreational boat traffic in canals
led to a gradual reduction in light available for
photosynthesis by submerged macrophytes.
Cragg et al. (1980) linked the reduction in the
number of submerged macrophytes in a Welsh
lake to an increase in turbidity as a result of rec-
reational boating (i.e. again the effect of
reduced light penetration), while Murphy et al.

(1995) concluded that the significance of the
shading effects of sediment particles settling on
the leaves of submerged plants is uncertain.

Boat-generated turbidity of the water may
have an adverse effect on the growth of sub-
merged macrophytes (cf. Cragg et al., 1980;
Hilton and Phillips, 1982; Murphy et al., 1995);
however, it appears that, in the past, few studies
have addressed potential problems created by
this on freshwater fish and aquatic inverte-
brates. Thus, any possible effects of turbidity on
these would have to be based on studies exam-
ining turbidity generated by processes other
than boating (Murphy et al., 1995). One effect
of fine suspensoids in water on invertebrates
was discussed by Liddle (1997), who noted that
the gills of aquatic insects, such as stoneflies
and mayflies, may become obstructed by an
accumulation of silt. The gills of fish may also
be affected by boat-induced suspended sedi-
ments (cf. Murphy et al., 1995). Murphy et al.
(1995) further stated that an increase in turbid-
ity can impair the success of visual feeding by
water birds and also reduce their food re-
sources (e.g. a reduction in the number of
invertebrates and plants).

Not only does the stirring-up of bed sedi-
ments by power boats reduce the amount of
light reaching submerged aquatic plants, but
nutrient enrichment of the water may also
occur, and in some cases, pollutants contained
in the resuspended sediment could be mixed
into the water (cf. Liddle and Scorgie, 1980;
Kuss et al., 1990; Munawar et al., 1991).
Phosphorus (phosphate) is usually the element
limiting plant growth in freshwater habitats and
is generally bound within the sediments (e.g.
Hammitt and Cole, 1998). Phosphorus and
other nutrients are released from the sediments
by the actions of many water-based activities
(e.g. boating and swimming; Hammitt and
Cole, 1998). This has also been reported by
Longworth and McKenzie (1986), who stated
that the disturbance of sediments due to power-
boating may lead to increased nutrient levels in
the water. This nutrient availability may then
lead to an increase in the growth of phytoplank-
ton and other aquatic plants. For example,
Fallen (1985), while reporting on the effects of
water-skiing on a reservoir, noted that nutrients
released from resuspended sediments were
causing algal blooms. Yousef et al. (1980)
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examined the sediment layers of shallow lakes.
They stated that disturbance of sediments could
have a number of effects on the phosphorus
concentrations present therein. They found
that, in shallow lakes, changes in the phos-
phorus content of the sediments were related to
changes in turbidity as a result of power-boat
operation, with an increase in turbidity and
phosphorus concentration in the water follow-
ing mixing by power boats. However, while
looking at a deeper lake with a sandy-bed sed-
iment, Yousef et al. (1980) noted that the evi-
dence concerning the relationship between
phosphorus and power-boat activity proved
less conclusive. While studying the effects of
suspensoids in the Upper Great Lakes Connect-
ing Channels, Munawar et al. (1991) observed
that primary production of phytoplankton was
both enhanced and inhibited by the presence
of suspended sediments as a result of boating
and shipping activity, depending on the type of
plankton and whether or not the sediments
contained pollutants.

Direct boat contact

Garman and Geering (1985a) stated that power
boats have a great impact on the aquatic biota
by disturbing benthic organisms and emergent
vegetation situated along the shoreline (cf. also
Jahrsdoerfer and Leslie (1988): ‘boat contact
causes damage to riparian vegetation’). In shal-
low waters, the actions of outboard motor pro-
pellers can cause damage to benthic plants
(Jaakson, 1979). Physical damage of the aquatic
flora and fauna by the direct action of boat
movement and boat propellers has been re-
ported in several papers. Tanner (1973), Liddle
and Scorgie (1980) and Jahrsdoerfer and Leslie
(1988) reported on the cutting action of out-
board propellers and how this can leave aquatic
macrophytes, especially mat-forming species,
severely damaged. Murphy and Eaton (1983)
suggested that while the actions of physical
damage by direct boat contact with aquatic
plants may play the most important controlling
role at times of low boat traffic, boat-induced
turbidity may play a more important controlling
role at high boat densities. Murphy and Eaton
(1983) observed differences in the emergent
macrophytes present in canals and linked these

to recreational boating densities: areas of high-
est boating activity frequently featured no emer-
gent plants, while in areas of low boating
activity, an extensive macrophyte cover pre-
vailed. They stated that floating-leaved macro-
phytes are very susceptible to damage by
outboard propellers (by cutting, breakage and
uprooting), and are thus at a competitive disad-
vantage. Furthermore, Murphy and Eaton (1983)
concluded that this may actually encourage
growth of submerged plants, since a reduction
of floating-leaved plants will allow more sun-
light to penetrate to deeper waters. Cragg et al.
(1980) also observed that emergent vegetation
zones were damaged by recreational boating
activities, while Pressey and Harris (1988) noted
that the vegetation of wetlands used for boating
can be damaged through abrasion (cf. also
Murphy and Eaton, 1983). Even activities such
as the deliberate clearing of riparian vegetation
to provide boat-launching access can create
problems; for example, increased bank erosion
(Liddle, 1997) especially through repeated boat
launching and retrieval actions. Any submerged
vegetation at these locations would be adversely
affected by these activities.

While Murphy et al. (1995) considered
injuries to fish due to physical contact with
boats to be a relatively rare occurrence, there
have been reports of fish receiving wounds by
colliding with power boats (e.g. Rosen and
Hales, 1980). Rosen and Hales (1980) dis-
cussed the effects of power-boating on paddle-
fish (Polyodon spathula) in the Missouri River.
They found that 36% of the fish sampled were
scarred and 10% had severed rostrums due to
collisions with power boats.

Noise and visual disturbance

Amongst other impacts, noise is one of the
major factors that makes power boats the dom-
inant recreational impact on the water body
where they are operating (Garman and Geer-
ing, 1985a). From past studies it appears that
waterbirds are much affected by boat motor
noise. The unpredictable movements, speed
and noise connected with power-boating and
water-skiing can cause serious disturbance
of waterbirds (Speight, 1973; Tanner, 1973).
Marchant and Hyde (1980) and Adams et al.
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(1992) found that birds were disturbed by rec-
reational boat operation. Boat operation can
subject birds to psychological stress and affect
their breeding (Murphy et al., 1995; Table 8.4).
Boyle and Samson (1985) noted that, as a
response to power-boating activity, waterfowl
exhibited changes in behaviour and moved to
areas that are less disturbed. Similar effects
were observed by Ward and Andrews (1993):
they stated that power boats (usually used for
towing water-skiers) were a major agent of dis-
turbance for water birds, and that they quickly
evacuated an area subjected to boating and
skiing activity. They also noted the displace-
ment of birds due to jet-ski activities. Havera et
al. (1992) discovered that up to 78.5% of all
disturbances of waterbirds were directly attrib-
utable to the operation of boats; however, the
effects appear to be only short-lived, since birds
take refuge in surrounding vegetation during
the disturbance event (Horsfall et al., 1988).
Prolonged periods of water-skiing (e.g. during
the holiday seasons) may have particularly
severe effects if carried out on permanent lakes
used as refuges by waterbirds (Lane and
McComb, 1988). Often, it is not only the noise
emanating from outboard motors, but a combi-
nation of sound and sight which may disturb
birds (cf. Batten, 1977), reacting at a greater
distance to fast-moving power boats than
rowing boats or sail boats (Ward and Andrews,
1993).

Noise originating from the operation of
powerboats can greatly interfere with other rec-
reational pursuits, such as bushwalking and
relaxing in the natural environment (Jaakson,
1970; Garman and Geering, 1985a). A hand-
book prepared by the Council on Environmental
Quality (1975) states that ‘the semi-wilderness

quality of reservoirs makes them particularly
suited for quiet, solitary enjoyment, and large
motorboats have ample opportunities else-
where. Motor recreation imposes a burden on
those who object to it’. This statement would
apply to most natural lakes situated in a rela-
tively undisturbed environment sought out as a
place for peaceful relaxation.

Chemical Impacts

Fuel, oil and chemical pollution

Amongst the identified impacts on the aquatic
environment by the operation of power boats
are water pollution due to fuel and oil spills,
and motor exhaust fumes (Office of the
Commissioner for the Environment, Victoria,
1988; Adams et al., 1992; Adams, 1993).
Outboard motor impacts on water bodies are
due, to a large extent, to the relatively ineffi-
cient mode of operation of two-stroke engines,
resulting in fuel spillage and the formation
of polycyclic aromatic hydrocarbons (PAHs)
(Mastran et al., 1994). Approximately 3.8 bil-
lion litres of fuel per year are used by outboard
motors; of this, 380–600 million litres are dis-
charged into the water (e.g. Jackivicz and
Kuzminski, 1973b; Table 8.5). There will always
be a risk of spillage during refuelling pro-
cedures or boat breakdowns, for example due
to ruptured or dislodged fuel lines or leaking
fuel tanks. Longworth and McKenzie (1986)
highlighted the introduction of residual hydro-
carbons from fuels into the water as potential
impacts of power-boating and water-skiing
activities. The possible contamination of water
by hydrocarbons as a result of the operation of
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Table 8.4. Breeding densities (pairs/10 km
channel) of three widespread species of English
waterbirds in canals of varying intensities of boat
use (adapted from Murphy et al., 1995).

Disused Used
Species canal canal

Little grebe (Tachybaptus 5.1 0.2
ruficollis)

Coot (Fulica atra) 4.7 2.5
Moorhen (Gallinula chloropus) 37.8 22.5

Table 8.5. Estimates of boating and outboard
motor usage (adapted from Jackivicz and
Kuzminski, 1973b).

Year

Item 1968 1970

Persons participating in 42.2�106 44.1�106

recreational boating
Outboard motors in use 7.0�106 7.2�106

Fuel consumed (litres) 3.8�109 4.0�109
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power boats was also noted in guidelines for
the recreational use of water storages and
catchments proposed by the Australian Depart-
ment of Resources and Energy (1987). Murphy
et al. (1995) stated that ‘powered boating
causes direct chemical changes to water qual-
ity by adding fuel combustion products . . .’ and
went on to highlight problems for the aquatic
environment due to fuel leakage and out-
board motor emissions (i.e. hydrocarbons and
exhaust gases). Fallen (1985), while discussing
the effects of water-skiing on a shallow water
storage reservoir, observed significant impacts
on the water quality following the onset of
water-skiing activities. Kuss et al. (1990) noted
that fuel and oil pollutants, as a direct result of
boat operation, include short- and long-
chained hydrocarbons, tetraethyl lead, ethy-
lene dibromide, ethylene dichloride, zinc,
sulphur and phosphorus, while exhaust pollu-
tants include carbon, nitrogen oxide, sulphur
oxide, hydrocarbons, particulate lead products
and a number of oxidation products. Burton
(1975) stated that, apart from unburnt fuel, pol-
lutants that can be detected in waters used by
outboard-motor-driven boats include phenols,
lead and non-volatile and volatile oils. Apart
from being present in the water column, oil and
lead pollutants can also accumulate in sedi-
ments, where they can remain in a toxic form
for a long period of time (Kuss et al., 1990).
However, Jackivicz and Kuzminski (1973a)
noted that the pH, hardness, alkalinity and dis-
solved oxygen content of the water in ponds
were not affected by the operation of outboard
motors (Table 8.6).

When operating on water-supply reser-
voirs, power boats and their motor emissions
may also affect the quality of drinking water
(Fallen, 1985). Longworth and McKenzie
(1986) noted that recreational power-boating
may reduce the quality of water by contamina-
tion with hydrocarbons from motor fuel and

exhaust components, of which the polycyclic
aromatic hydrocarbons (PAHs) may be carcin-
ogenic (Mastran et al., 1994). In their study
investigating the presence of PAHs, Mastran et
al. (1994) found highest levels during times of
high boating activity and lowest levels during
times of low boating activity, and concluded
that boating was ‘at least one of the sources of
PAH to the water’. Polycyclic aromatic hydro-
carbons can accumulate in both the water
column and sediments (cf. Neff, 1979; Mastran
et al., 1994). The sediment acts as a sink for
PAHs, so these compounds can accumulate
over time, and the sediments may still provide
a source for PAHs even when inputs of these
compounds have ceased (cf. Wells and Adams
1991; Mosisch and Arthington, 2001). Further
details of the sources and types of PAHs occur-
ring in lakes and other water bodies, and their
potential impacts on aquatic biota, are dis-
cussed below in our case study of an Australian
lake used for power-boating and water-skiing.

In experimental studies, motorboat fuels
and emissions have been found to be toxic to fish
and invertebrates (e.g. Tarkpea and Svanberg,
1982; cf. Murphy et al., 1995). Surber (1971)
examined bluegill sunfish from a lake used for
water-skiing, a pond subjected to the operation
of outboard motors, and a control pond not sub-
jected to motor usage. Results of this study indi-
cated significant tainting of fish in both ponds
subjected to outboard-motor usage, in conjunc-
tion with significant increases in threshold
odour, hydrocarbons and chlorine demand.
Jackivicz and Kuzminski (1973a) concluded that
outboard motor emissions can have adverse
effects on fish, but that further research is neces-
sary in order to obtain conclusive evidence.

Muratori (1968) stated that in the USA,
approximately 90% of power boats employ out-
board motors, and that 98% of these operate on
the two-stroke engine principle. The very design
of the two-stroke motor appears to present a
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Table 8.6. Average data on water chemistry in three control and in three motor-use ponds (reproduced
from Jackivicz and Kuzminski, 1973a).

Phenolphthalein Total (methyl orange) Dissolved oxygen
Pond pH alkalinity (p.p.m.) alkalinity (p.p.m.) (cc/l)

Control 7.3 14.33 129 5.17
Motor use 7.4 16.00 120 5.27

BUCKLEY MAKE-UP  23/6/04  10:31 AM  Page 133



greater number of environmental problems than
conventional four-stroke engines (Liddle and
Scorgie, 1980). Two-stroke engines require a
mixture of petrol and lubricating oil (to protect
moving parts within the motor) (Jackivicz and
Kuzminski, 1973b; Mele, 1993), thus introduc-
ing a wider range of potentially toxic substances
than the standard fuel used by four-stroke
engines. Kuss et al. (1990) reported that water
bodies used for motorized recreational pur-
poses are subjected to a high input of polluting
agents emitted via engine crank-case drainage
points. Unburnt oil and fuel from the crank case
is emitted into the water via a drainage point to
prevent what is known as ‘hydraulic lock’, and
fuel is also lost by passing over the cylinder and
through the engine during operation (Stewart
and Howard, 1968; Jackivicz and Kuzminski,
1973a,b). However, two-stroke outboards of
newer design recycle much of the crank-case
emissions, thus reducing compounds emitted
into the water, but still permit unburnt fuel and
oil to pass through the engine (Jackivicz and
Kuzminski, 1973b). Mele (1993) noted that
while part of the lubricating oil is burnt during
the combustion process, unburnt oil is expelled
into the environment through the exhaust. Bate
(1985) also considered pollution by unburnt
hydrocarbons to be a problem. On average,
two-stroke outboard motors emit between 10
and 20% of the fuel/oil mixture into the water as
part of normal operations, and this can be as
much as 40% (Muratori, 1968), with all exhaust
gases and any unburnt compounds being
expelled under water near the propeller to aid
in mixing and dispersal of emitted compounds
in the water (cf. Muratori, 1968). Mele (1993)
provided the following data obtained from a
technical paper by the Mercury Marine and
Outboard Marine Corporations (USA) on the
fuel and oil released from outboard motors:
1529g of unburnt hydrocarbons are released
from a 70hp outboard motor per hour, which
represents 8.3% of the total fuel input (these, in
his opinion, being very conservative figures).
Mele (1993) further cited figures obtained from
the US Environmental Protection Agency (EPA)
Certification Division, which showed that 25%
of the fuel mixture is being passed through two-
stroke outboard motors and into the environ-
ment. According to the EPA data, outboard
motors discharge 798kg (1760lb) of hydrocar-

bons for every 3785 litres (1000 gallons) of fuel
they consume (Mele, 1993).

It has been documented that, in particular,
the lubricating oils used in two-stroke outboard
motors aggregate in the water column and pro-
duce visible slicks on the surface (cf. Jackivicz
and Kuzminski, 1973a). It has also been demon-
strated that engines that are not properly tuned,
and those that are run on an incorrect fuel/oil
mixture, emit more unburnt fuel and other sub-
stances into the water than engines that are
tuned properly (Jackivicz and Kuzminski,
1973b). Oil films greater than 0.0001cm in
thickness may lead to a temporary depletion in
the oxygen content of the underlying layer of
water, and this can affect the reproduction of
diatoms (Stewart and Howard, 1968). On the
same topic, Wall and Wright (1977) stated that
the oxidation of 1.0g of oil in a lake, originating
from the operation of power boats, uses up 3.3g
of oxygen, and that a depletion of oxygen in the
upper centimetres of water decreases the pro-
duction rates of phytoplankton.

Hammitt and Cole (1998) stated that the
deposition of a film of unburnt oil on aquatic
organisms is the ‘primary ecological effect’ of
the operation of outboard motors. Deleterious
effects of these oil depositions on aquatic plants
(including unicellular plankton and algae)
include interference with respiration and the
inhibition of algal growth, ultimately affecting
the food chains of fish and other aquatic organ-
isms (Hammitt and Cole, 1998).

There is evidence that recreational power-
boat activities can increase the concentration
of heavy metals, in particular lead, in water
bodies, and introduce other toxic compounds.
Jackivicz and Kuzminski (1973b) identified
problems with phenols and other organic com-
pounds, while Byrd and Perona (1980) stated
that boating is a possible source of lead. King
and Mace (1974) noted higher phosphate levels
in water around campsites on a lake. They
attributed this to the use of detergents and out-
board motor fuel in that area (motor-boat oil is
a source of phosphate; Hammitt and Cole,
1998).

It has been documented that the lead
added to petrol as an anti-knocking agent can
accumulate in aquatic systems. Horsfall et al.
(1988) noted that lead concentrations were
highest in a lake that was used for recreational
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power boating, and accumulated in the lake
sediments (cf. also Wall and Wright, 1977).
Horsfall et al. (1988) were able to calculate
from the lead concentrations present that
approximately 200 litres of petrol were intro-
duced into the lake due to power-boating, but
no obvious effects of this on the phytoplankton
of the lake were noted. The presence of lead in
a freshwater lake was also investigated by Byrd
and Perona (1980), with results indicating that
power-boating activities had a minimal effect
on lead levels in the main part of the lake.
However, boating activity resulted in high lead
concentrations in water surrounding the lake’s
boat launching facility, which Byrd and Perona
(1980) attributed to poor water mixing and the
possibility of fuel spills.

It appears that no recent studies have re-
addressed the problems associated with the use
of outboard-motor fuels. In particular, it can
only be assumed that with the advent of lead-
free fuel, the addition of this element to waters
used for the purpose of power-boating has
decreased (cf. Murphy et al., 1995). However,
there are probably still any number of older-
style motors in use today which require fuel
containing lead (even though lead levels have
been reduced in modern leaded fuel).

Antifouling paints

The hulls of ships and boats are regularly (up to
once a year) painted with antifouling paints to
prevent attachment of a variety of organisms
that increase drag, and thus fuel consumption of
the engine (Simmonds, 1986). While copper-
based paints were used in the past, organic
compounds such as tributyltin (TBT) have been
employed as antifouling agents in more recent
years (Simmonds, 1986). These have been
proven to be highly toxic, even in minute
amounts, and to accumulate in organisms, often
producing mutagenic effects (cf. Simmonds,
1986; Murphy et al., 1995). Even though mostly
applied to ships and boats using marine waters,
it is very likely that toxins found in antifouling
paints can also be introduced into wetlands and
lakes, since many boat owners, especially those
who own power boats, use their vessels in both
marine and freshwater environments. However,
it appears that, at least in some countries, the

use of TBT paints is now restricted to vessels
over 25m (Murphy et al., 1995), essentially
ruling out their use for power boats. Paints con-
taining copper compounds (copper oxide) are
still by far the most widely used antifouling
treatments (Simmonds, 1986). To some organ-
isms, copper oxide is only one-tenth as poison-
ous as TBT, and there have been reports of some
organisms having become tolerant to this type
of antifouling paint (cf. Simmonds, 1986).

Ecological Impacts

Dispersal of aquatic plants

One frequently overlooked problem with the
operation of boats is the dispersal of aquatic
plants from one body of water to another.
Garman and Geering (1985a,b) raised the
question of whether boats could introduce
exotic plants and organisms into recreational
waters. It has been documented by several
authors that reproductive structures and other
vegetative fragments can be spread by boating
activities (Liddle and Scorgie, 1980). Finlayson
et al. (1988) also commented that the distribu-
tion of weeds and plant seeds by boats and
vehicles is a problem that may be difficult to
control. Longworth and McKenzie (1986)
noted that recreational activities may adversely
affect the quality of water by introducing organ-
isms such as exotic flora and fauna into reser-
voirs. A major study of the dispersal of aquatic
macrophytes has been undertaken by John-
stone et al. (1985), who examined 107 lakes
used for recreational purposes in New Zealand.
They found that the distribution of five aquatic
weed species (Ceratophyllum demersum,
Egeria densa, Elodea canadensis, Hydrilla ver-
ticillata and Lagarosiphon major) was related
directly to boating activities: 5.4% of boats
being launched in the lakes were found to have
viable plant fragments entangled in propellers
and other attachments, with 27% of plants orig-
inating from previous boating trips to another
lake. Significantly, the lakes not used for power-
boating or fishing contained none of the five
weed species examined in this study (Table
8.7). In contrast to Finlayson et al. (1988),
Johnstone et al. (1985) further noted that the
accidental transport of weeds by recreational
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boats could be controlled relatively easily (e.g.
by clearing boat-launching areas of weeds).
Regular monitoring of the aquatic and littoral
vegetation of lakes used for power-boating

would also be easy and potentially very effec-
tive, since early detection and eradication of
exotic species is a cornerstone of management
strategies to combat invasive species
(Arthington and Mitchell, 1986; Williamson
and Fitter, 1996; Leung et al., 2002).

Other effects on aquatic flora and fauna

Figures 8.1 and 8.2 provide a general overview
of how water-based recreational activities
impact on aquatic plants and animals, respec-
tively (adapted from Liddle and Scorgie, 1980).
While most of the more commonly encoun-
tered effects of power boats and water-skiing on
the aquatic flora and fauna have been dis-
cussed in earlier sections, there are published
reports detailing the effects of some more spe-
cific situations. For example, the retreat of wild
rice from a previously wide distribution in
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Table 8.7. The relationship between the presence
of any of the five weed species and human
activity in 88 New Zealand North Island lakes that
possess a macrophyte flora and could support
weed growth (adapted from Johnstone et al.,
1985).

Weed presence
(number of lakes)

Human activity Present Absent Total

No boating, no fishing 0 27 27
No boating, fishing 1 2 3
Boating, no fishing 10 1 11
Boating, fishing 39 8 47
Total 50 38 88

Wash Direct contactPropeller action

Bank erosion

Turbulence

Disturbance of sediments

Increase in nutrients

Increasing turbidityIncrease in phytoplankton

Decrease of submerged
macrophytes

Decrease of emergent and floating
macrophytes

Dispersal of macrophytes/phytoplankton
between different water bodies

Cutting of macrophytes

Damage to riparian vegetation

Washing out of roots
(macrophytes and

riparian vegetation)

Fig. 8.1. Impacts of power-boating on aquatic plants (adapted from Liddle and Scorgie, 1980).
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some lakes in Ontario, Canada, to only a few
areas inaccessible to powerboats, is a graphic
example of how power-boating can seriously
affect aquatic biota (Jaakson, 1979). Murphy et
al. (1995) reported on studies where it was
found that silt deposition as a result of power-

boat operation can have deleterious effects on
invertebrates and fish, including clogging of
respiratory structures, reduced feeding rates,
increased invertebrate drift, disrupting court-
ship displays and spawning behaviour, and
reduced hatching rates of fish.
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Power-boating activities

Direct effects

Noise disturbance Pollution

Change in habitat

Redistribution

DeathEmigrationReproductive failure

Injury Death

Boat contact/propeller cutting

Reduction in food

Indirect effects

Clogging of gills

Reduced feeding success

Resuspension of sediments

Nest disturbance

Fig. 8.2. Impacts of power-boating on animals (adapted from Liddle and Scorgie, 1980).
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Jet boats, which operate by pumping water
through an intake opening and expelling it as a
jet at the rear (cf. Sutherland and Ogle, 1975),
lack the stirring and damaging effects of propel-
lers and thus are likely to stir up fewer bed sed-
iments. Damaging effects in this boat design
appear to be the result of pressure gradients cre-
ated as the boat passes a set point (Sutherland
and Ogle, 1975). Due to their very shallow
draught, they can access shoals where fish may
have spawned. Sutherland and Ogle (1975)
noted that pressure fluctuations created by
passing jet boats can kill significant numbers of
salmon eggs (Table 8.8).

The ability of fish to cope with disturbance
as a result of power-boat operation appears to
vary according to species. Jackivicz and
Kuzminski (1973a) found that sunfish and bass
were able to locate their nests under conditions
of normal power-boat operation, while nest-
guarding males of bluegill, pumpkinseed and
largemouth bass were found to leave their nests
when disturbed by power boats. Similar results
were obtained by Mueller (1980), who investi-
gated the effects of boating activity upon nest
guarding by the longear sunfish (Lepomis meg-
alotus) and found that defensive behaviour was
altered by boating activities in the nest vicinity,
with boat speed and passing distance from the
nest being the important factors: slow-moving
boats caused the guarding males to abandon
the nest more often than fast-moving boats
(Table 8.9).

Jackivicz and Kuzminski (1973a) con-
cluded that turbulence from outboard-motor
propeller action did not have any major effects
directly on fish but that it did reduce the
number of bottom-dwelling invertebrates; how-
ever, they noted that individuals may just have
been moved about by the turbulence created
by the propellers.

The Occurrence of Polycyclic
Aromatic Hydrocarbons in a Lake

Used for Recreational Power Boating:
a Case Study

Background and aims

The subject of this case study is Brown Lake, also
known as Lake Boumiera by local aboriginal
groups. It is situated on North Stradbroke Island,
a sand island 27,520ha in size, located approx-
imately 38km to the east of the City of Brisbane,
Queensland, Australia. Brown Lake is the most
accessible lake on the island, attracting visitors
from the mainland as well as the island commu-
nity. In four seasonal surveys of visitor numbers
and their recreational preferences, each con-
ducted over 2 days of either a weekend or a
school holiday period (June 1996 to March
1997), 2384 individuals and 509 vehicles were
counted at Brown Lake, with 78% of visitors
citing swimming as their reason for coming to
this lake. Brown Lake has been used for power-
boating and water-skiing since the early 1960s,
and for jet-skiing since 1983, with the intensity
of use increasing over time. A total of 60 power
boats and jet skis was recorded on Brown Lake
during the 1996/97 visitor surveys, and it was
not uncommon to find up to 14 power boats and
jet skis using the lake simultaneously (Mosisch
and Arthington, 2001). Boat engine sizes ranged
from 25cc to 5000cc in capacity, while jet-ski
engine sizes ranged from 500cc to 1100cc. The
majority of boats and jet skis operated on Brown
Lake were run on unleaded two-stroke petrol.

Since the start of power-boating on Brown
Lake, sites along its shoreline where boats are
launched have become increasingly degraded,
especially by the removal/destruction of both lit-
toral and riparian vegetation, resulting in open,
destabilized stretches of sand along the shore
(Fig. 8.3). Apart from these highly visible physi-
cal impacts of powered recreational activities on
the littoral and riparian zone, anecdotal evi-
dence of the chemical impacts of boating activ-
ities was provided by numerous visitors to the
lake.This evidence included reports of boats and
jet skis being refuelled from fuel canisters while
in the lake, and ‘fuel slicks’ on the surface of the
lake at times of power-boat operations. Written
comments received on visitor survey forms indi-
cated that more than 50% of respondents were
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Table 8.8. Maximum overall percentage fatalities
of eggs of quinnat salmon, Oncorhynchus
tshawytscha (Walbaum), subjected to pressure
gradients induced in their redds by passages of
jet boats in shallow water (reproduced from
Sutherland and Ogle, 1975).

Water depth (mm) 150 300 450
Boat speed (m/s) 8.9 5.6 4.0
Fatality (%) 37 39 24

BUCKLEY MAKE-UP  23/6/04  10:31 AM  Page 138



Impact of Power-boating on Freshwater Ecosystems 139

Table 8.9. Displacement of guarding longear sunfish males from their nests in relation to propulsion and
speed of passing boats (reproduced from Mueller, 1980).

% of passes causing
Boat propulsion Boat speed Number of boat passes by nesta fish to leave nest

Paddled 1 m/s 43 71%
Motored 1 m/s 20 40%
Motored �5 m/s 31 3%

a At a distance of 0–4.5 m from nests.

Fig. 8.3. Water-skiing on Brown Lake (top) and degraded shoreline at the northern end of the lake due to
launching of boats using four-wheel drive vehicles (bottom).
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in favour of either complete banning or severely
restricting power-boat and jet-ski operations on
Brown Lake. Comments included statements
such as: ‘Prevent the use of power (fuel driven)
boats/skis’, ‘Would like to see powered boating,
jet-skiing and four-wheel driving banned from
lakes and surrounding areas’, ‘No powered
boats should be permitted’, ‘Please no power
boats’. The major reasons for wishing to limit
power-boating were that boats and jet skis are
noisy, dangerous and cause water pollution.

Although the physical impacts of power-
boat activities around Brown Lake were signif-
icant, as discussed above, the particular aims of
our study were to: (i) determine the presence of
any residues of pollutants arising from motor-
ized recreational activities; (ii) to identify and
quantify PAH compounds that may have accu-
mulated in the water and/or sediments of
Brown Lake as a result of the operation of pow-
ered recreational water craft; and (iii) to evalu-
ate the risk of toxic effects on the aquatic biota,
and ecosystem consequences. The study was
commissioned by the Local Government (Red-
land Shire Council) as part of its responsibilities
for management of North Stradbroke Island’s
natural and human resources.

Study area and methods

Both Brown Lake (27°29’30”S, 153°25’45”E;
area, 45.7ha) and a reference lake (Swallow
Lagoon, 27°30’00”S, 153°27’15”E; area, 1.5
ha) are naturally acidic, oligotrophic perched
lakes situated in dune depressions amidst stabi-
lized high sand dunes, with their aquifers sep-
arated from and at a higher altitude than the
main water table of the sand mass (cf. Laycock,
1977). Due to their proximity, Brown Lake and
Swallow Lagoon are subjected to similar influ-
ences of terrain and atmosphere, and feature a
very similar littoral and surrounding terrestrial
vegetation (cf. Clifford and Specht, 1979). As a
result, the two lakes are exposed to comparable
inputs of dissolved and particulate organic
matter and nutrients from these sources, con-
tributing to their chemically similar water qual-
ity. The shoreline and littoral zone of both lakes
is composed of siliceous sand, amalgamating
with mud in the deeper parts. The bottom layer
of these lakes consists of a distinct layer of black

anoxic, compressed organic matter (cf. Bensink
and Burton, 1975). This, together with high
levels of dissolved organic matter, including
tannin from decaying leaves, stains the water in
both lakes a distinctive dark brown colour and
contributes to its low pH. As a result of this, the
aquatic fauna and flora of both Brown Lake and
Swallow Lagoon are unusually depauperate;
for example, the lakes support no fish, and the
aquatic flora is relatively unproductive (cf.
Bensink and Burton, 1975). However, the lake
supports several rare invertebrate species found
only in dune lakes of south-east Queensland
(Arthington and Watson, 1982) and Brown
Lake has been placed on the Register of the
National Estate because of its unusual mode of
origin, and its physical, chemical and biologi-
cal characteristics.

The input of water into perched dune lakes
is primarily dependent on rainfall, water runoff
from surrounding land, and seepage of rainwa-
ter through the sand dunes. Consequently,
water levels in the lakes can fluctuate consider-
ably (cf. Laycock, 1975; Lee-Manwar et al.,
1980). Brown Lake is also supplied with water
from a stream-fed swamp at its southern end.
Water loss occurs mainly through seepage
through the organic sediment layer and evapo-
ration, as there are no surface stream outflows
from these lakes (cf. Laycock, 1977; Lee-
Manwar et al., 1980). As a result, any material
entering the lakes (e.g. nutrients, pollutants)
will tend to accumulate in the sediments and/
or the water column and can remain there for
long periods of time (Longmore, 1986).

Sites for monitoring water and sediment
quality were established on the basis of prelim-
inary visits to both lakes, and data on visitation
and usage patterns obtained from visitor sur-
veys. Three sites of high recreational usage,
plus two within-lake reference sites, were iden-
tified at Brown Lake and used as stations for the
collection of replicate water, sand and organic
layer samples for three water and sediment
quality surveys (Fig. 8.4). Two sites were estab-
lished for monitoring at Swallow Lagoon, the
reference lake (Fig. 8.5). Visitor numbers to this
lake are relatively low, and while there were no
distinct cleared areas or ‘bases’ for recreational
activities, the southern end of Swallow Lagoon
is, on occasion, used for swimming and
picnics.
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An extensive testing programme of lake
water, sediments and organic bottom layers was
devised to determine the presence of any resi-
dues of pollutants due to motorized recreational
activities. The suite of compounds selected for
surveying was based on an extensive review of
studies dealing with the effects of motorized
recreational activities on lakes and rivers
(Mosisch and Arthington, 1998). These com-
pounds included:

• polycyclic aromatic hydrocarbons, short-
and long-chained hydrocarbons (e.g.
Longworth and McKenzie, 1986; Kuss et
al., 1990; Mastran et al., 1994);

• trace metals (e.g. Byrd and Perona, 1980;
Kuss et al., 1990);

• phenolic compounds, non-volatile and
volatile oils, and other organic com-
pounds (e.g. Jackivicz and Kuzminski,
1973a,b; Burton, 1975);

• total and soluble (dissolved) nutrients (N
and P) (e.g. King and Mace, 1974;
Longworth and McKenzie, 1986; Hammitt
and Cole, 1998);

• tributyltin (e.g. Simmonds, 1986; Murphy
et al., 1995).

Water quality of the lakes

Basic water-quality characteristics (e.g. conduc-
tivity, pH, major ions, tannins) of Brown Lake
and Swallow Lagoon, the reference lake, were
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similar and generally within the range for com-
parable acidic dune lakes located in the south-
east Queensland region (Bensink and Burton,
1975; Arthington et al., 1986), giving no indica-
tion of any deterioration of water quality in
Brown Lake attributable to human usage. Trace
metal scans of both water and sediment samples
produced results comparable to other similar
dune lakes (Arthington et al., 1986). None of
these values exceeded the Australian Water
Quality Guidelines for Fresh and Marine Waters
(ANZECC, 1992), the proposed ANZECC sedi-
ment quality guidelines or the draft interim
Canadian freshwater sediment quality guide-
lines (Environment Canada, 1995). Further-
more, there was no evidence of gasoline lead
accumulated in the organic sediments of Brown
Lake (Mosisch and Arthington, 2001).

Polycyclic aromatic hydrocarbons (PAHs)

No PAH compounds were detected in any of
the water samples collected in either lake
(Mosisch and Arthington, 2001). If PAHs are
detected in water, this usually points to an

event of recent or acute pollution, since these
compounds have a short residence time in the
water column (Mastran et al., 1994). In the case
of Brown Lake, power-boating had probably
not yet reached the stage where PAHs can be
detected in the water column, even when sam-
ples were collected at launching and refuelling
stations. However, during the five surveys, ten
PAH compounds (including heavy molecular
weight PAHs, which frequently occur as by-
products of the combustion process) were
detected in samples taken from the or-
ganic bottom layer of Brown Lake (Table 8.10).
These compounds were: anthracene, benzo(a)-
anthracene, benzo(a)pyrene, benzo(b�k)fluo-
ranthene, benzo(g,h,i)perylene, chrysene, fluo-
ranthene, naphthalene, phenanthrene and
pyrene (Mosisch and Arthington, 2001). The
most commonly encountered PAHs were
benzo(a)pyrene (in 46% of all samples), fluo-
ranthene (in 53% of all samples) and pyrene (in
44% of all samples); these three compounds
were detected in the sediments of all five
Brown Lake sites. No PAH compounds were
detected in any of the samples from the refer-
ence lake, Swallow Lagoon.

142 T.D. Mosisch and A.H. Arthington

J

J
J

J

J

J
J

J

Site A 
- water/sediment

sampling

Site B 
- water/sediment

sampling

0–1.5 m depth
zone

N

1   1

1   1

1   1

1   1
Zone of

accumulated
organic matter,
max. depth 4 m

M
M

M
M

M
M

M
M

J

Fig. 8.5. Locations at Swallow Lagoon used for water and sediment sampling (not to scale). M, Water
samples; J, sand samples; l, organic bottom-layer samples.

BUCKLEY MAKE-UP  23/6/04  10:31 AM  Page 142



Im
p

act of P
ow

er-b
oating on Freshw

ater E
cosystem

s
143

Table 8.10. Mean PAH values detected in Brown Lake organic sediments during the three basic (*) and two focused (#) sampling trips (all values in �g/kg dry
wt
SE). Total number of positive values recorded during each trip is shown in parentheses.

Trip No. 1 * Trip No. 2 * Trip No. 3 * Trip No. 4 # Trip No. 5 #
PAH compound January 1997 March/April 1997 July 1997 February 1998 September 1998

Anthracene – 93.33
35.0 (3) – 27.25
2.49 (4) –
Benzo(a)anthracene – – 42.6 (1) 58.0
37.0 (2) –
Benzo(a)pyrene – 314.0
105.0 (2) 245.0
74.5 (3) 130.92
19.19 (26) 394.0
52.34 (28)
Benzo(b�k)fluoranthene – – – 99.0
4.0 (2) –
Benzo(g,h,i)perylene – – – – 50.0 (1)
Chrysene – – 43.2 (1) 58.0
37.0 (2) 50.0 (1)
Fluoranthene 531.0
234.65 (3) 58.6
10.51 (5) 56.4
7.22 (10) 67.82
20.89 (28) 165.09
24.58 (22)
Napthalene – – 17.45
9.75 (2) – –
Phenanthrene – 61.75
9.7 (4) – 42.0 (1) –
Pyrene 57.0 (1) 57.0 (1) 40.87
7.46 (11) 48.42
14.13 (26) 111.76
17.61 (17)
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The position of PAH concentrations from
Brown Lake sediments in relation to published
guideline values is shown in Table 8.11. Results
falling below the lower guideline values indi-
cate that there is a high probability of no toxic
effects on the sediment-dwelling and benthic
biota. Results exceeding the higher guideline
values indicate that there is a high probability
of pronounced effects on sediment-dwelling
and benthic organisms. However, some organ-
isms may already be adversely affected when
values are within the defined ‘low/high’ range
(cf. ANZECC, 2000).

Levels of PAH contaminants in Brown Lake
sediments were generally low; for example,
none of the PAH concentrations recorded in
Brown Lake sediments exceeded the upper
ANZECC (2000) sediment quality guidelines
(Table 8.11). However, three PAH compounds
exceeded the lower ANZECC guideline values:
anthracene (higher in 1.5% of all samples),
benzo(a)pyrene (higher in 11% of all samples),
and fluoranthene (higher in 0.8% of all
samples). Three values for benzo(a)pyrene (830
µg/kg, 955µg/kg, 1070µg/kg; 2.3% of all sam-
ples) exceeded the upper threshold recom-
mended in the draft interim Canadian freshwater
sediment quality guidelines (782µg/kg; Environ-
ment Canada, 1995) (Table 8.11). The follow-
ing PAH compounds exceeded the respective

lower draft interim Canadian sediment quality
guidelines, but were still below the upper recom-
mended values (Table 8.11): benzo(a)anthra-
cene (higher in two samples), benzo(a)pyrene
(higher in 51 samples; 40% of all samples), chry-
sene (higher in one sample; 0.8% of all samples),
fluoranthene (higher in 19 samples; 15% of all
samples), phenanthrene (higher in five samples;
4% of all samples), and pyrene (higher in 26 sam-
ples; 20% of all samples).

Discussion

In Brown Lake, sediment monitoring was more
useful than water column monitoring in detect-
ing chemical impacts due to motorized recrea-
tional activities. PAH compounds introduced
into the water column of Brown Lake were
likely to be quickly bound to suspended
organic and inorganic particulate matter and
then deposited into the bottom sediments (cf.
Neff, 1979), i.e. the rate of deposition into the
sediments is faster than the rate of introduction
and resuspension into the water column. It is
very likely that the PAHs recorded have accu-
mulated over periods of time, probably since
motorized recreational activities started in the
lake in the 1960s. As sediments act as sinks of
PAHs, these compounds become accumulated
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Table 8.11. Low and high PAH threshold values in sediments as stated in guidelines proposed by
ANZECC (2000) and Environment Canada (1995). The position of Brown Lake PAH values in relation to
the sediment guidelines is indicated by arrows (all values in �g/kg dry wt).

Draft Environment
ANZECC (2000) guidelines Canada (1995) guidelines

PAH compound Low High Low High

Anthracene ↑ 85 ↓ 1100 n/a
Benzo(a)anthracene ↓ 261 ↓ 1600 ↑ 32 ↓ 385
Benzo(a)pyrene ↑ 430 ↓ 1600 ↑ 32 ↑ 782
Benzo(b�k)fluoranthene n/a n/a
Benzo(g,h,i)perylene n/a n/a
Chrysene ↓ 384 ↓ 2800 ↑ 57 ↓ 862
Fluoranthene ↑ 600 ↓ 5100 ↑ 111 ↓ 2355
Naphthalene ↓ 160 ↓ 2100 n/a
Phenanthrene ↓ 240 ↓ 1500 ↑ 42 ↓ 515
Pyrene ↓ 665 ↓ 2600 ↑ 53 ↓ 875

↑ At least one sediment sample exceeded the relevant guideline value.
↓ Results of all sediment samples were below the relevant guideline value normalized to 1% organic carbon.
n/a, not available.
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in them, and they are still a source for PAHs
even when inputs of the compounds have
ceased (cf. Wells and Adams, 1991).

Naturally derived (petrogenic) PAH assem-
blages are characterized by more lower-
membered ring structures and a higher number
of low molecular weight PAHs, such as naphtha-
lene, acenaphthene and fluorene (Prahl et al.,
1984; Mastran et al., 1994). On the other hand,
combustion-derived (pyrolytic) PAH assem-
blages (those that are the product of a combus-
tion process) contain more higher-membered
ring structures and a higher number of high
molecular weight PAHs, including phenan-
threne, fluoranthene, pyrene, benzo(a)pyrene,
chrysene, benzofluoranthene and benzo(a-
anthracene (Prahl et al., 1984; Mastran et al.,
1994). It is well documented that the high molec-
ular weight PAHs, phenanthrene, pyrene and
fluoranthene, are reliable indicators (‘finger-
prints’) of a high-temperature combustion PAH
source (Prahl et al., 1984; Helfrich and Arm-
strong, 1986; Mastran et al., 1994). Prahl et al.
(1984) stated that phenanthrene is commonly
contained within mixtures of PAHs from both
combustion and unburned fossil fuel sources.
This PAH was present at all Brown Lake sites
except one, remote from boating activities.
Importantly, benzo(a)pyrene, benzo(a)anthra-
cene, chrysene and other PAHs have been clas-
sified as probable human carcinogens (Prahl et
al., 1984; Mastran et al., 1994; Harvey, 1997).

Mastran et al. (1994) reported that only a
few PAHs (fluoranthene, phenanthrene and
pyrene) were commonly encountered through-
out the sediments of the reservoir they studied.
This was also the case in the present study, with
only three PAHs (benzo(a)pyrene, fluoranthene,
pyrene) detected at all sites. As mentioned
above, this combination of PAHs is indicative of
fossil fuel combustion. These three compounds
were also the most commonly encountered in
the present study. While Mastran et al. (1994)
found benzo(a)pyrene, a high molecular weight
PAH, in 50% of their study sites, few low weight
PAHs were detected. A similar result was
observed in the present study: the only low
molecular weight PAH compound detected in
Brown Lake was found in two sediment samples
collected from one site; other low molecular
weight PAHs were absent or below the detec-
tion limit, further indicating that combustion

products were the most likely source of the
PAHs present in the lake sediments.

Despite the absence of any major roads
and other sources of PAH-carrying runoff, the
values recorded in Brown Lake for benzo(a)-
pyrene generally fall within the range of values
for this PAH compound reported from two
lakes located in relatively heavily populated
areas in Germany, and are, on average, higher
than those recorded in two reservoirs in Russia
(Table 8.12). Moreover, benzo(a)pyrene was
one of the most frequently encountered and
one of the most widespread PAHs in Brown
Lake sediments. These results indicate that over
the years of power-boat operation on Brown
Lake (c. 1960–1999), substantial PAH inputs
into the sediments have occurred as a result of
these recreational activities.

The highest value of fluoranthene detected
in this survey (995.0�g/kg) approached the
lower range of this compound recorded by
Mastran et al. (1994). Yet, unlike Brown Lake,
the reservoir surveyed by Mastran et al. (1994)
is located in a highly urbanized area, featuring
three boating marinas, and thus, presumably,
subjected to considerably higher power-boat
usage than Brown Lake. This indicates that the
high values for this compound in Brown Lake
are more than likely the result of high power-
boat numbers in combination with a relatively
small lake volume and the many years of expo-
sure to contamination.

The presence of PAHs in the sediments did
not appear to be confined to boat-launching
sites. This was evidenced by the presence of the
three most common compounds (benzo(a)-
pyrene, fluoranthene, pyrene) at all survey sites,
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Table 8.12. Concentration of benzo(a)pyrene
accumulated in the sediments of some lakes and
reservoirs (adapted from Neff, 1979), and the
levels recorded in Brown Lake.

Benzo(a)pyrene
Lake (�g/kg dry wt) Country

Plöner See 260–1610 Germany
Lake Constance 443–1610 Germany
Rublevskoye 44–1610 Russia

Reservoir
Khiminskoe Reservoir 390–5000 Russia
Brown Lake 17–1070 Australia
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including a site far removed from any boat-
launching activities. This suggests that once
introduced into the water column, PAHs are
mixed throughout Brown Lake before being
deposited into the sediments, or that sediments
are being resuspended (cf. Mastran et al., 1994).
Also, the relatively compact size of Brown Lake,
and the fact that power boats and jet skis use
most of its length and width, would contribute
to easy dispersal and mixing of PAHs.

The high sediment concentrations of
the three most prevalent PAHs in Brown Lake
(benzo(a)pyrene, fluoranthene, pyrene) indi-
cate that this lake is impacted to a relatively
high degree by power-boating activities. Al-
though the biological accumulation of these
compounds has not been measured during this

study, this process could be significant, with the
uptake of PAHs reported in plankton, vascular
aquatic plants, molluscs and fish (e.g. Neff,
1979; Harvey, 1997). A wide range of micro-
scopic and macroscopic animals and plants
live in and on the bottom sediments of water
bodies, and many of these organisms ingest
organic material from these sediments (Neff,
1979). Bioavailability of sediment-bound PAH
compounds is an important factor, since this
process provides access of PAHs into the
aquatic food chain, posing a hazard to many
organisms along the way (Neff, 1979). We pre-
sent a conceptual model of the pathway of
PAHs in the aquatic environment in Fig. 8.6.

Brown Lake does not support any fish and
mollusc species, but has a varied crustacean
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Fig. 8.6. The pathway of polycyclic aromatic hydrocarbons in the aquatic environment: a simplified
conceptual model.
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and insect fauna in littoral and benthic zones.
These invertebrates, closely associated with the
sediments, would be exposed to sediment-
bound PAHs. The ubiquity and high concentra-
tions of several PAHs can be expected to
present a significant risk to these organisms. Of
particular concern in Brown Lake are certain
rare insect species restricted to oligotrophic
lakes in the Queensland sand-dune series (see
Bensink and Burton, 1975, Arthington and
Watson, 1982; Arthington et al., 1986). Brown
Lake is the type locality of one of these rare spe-
cies, the odonate Orthetrum boumiera (Watson
and Arthington, 1978).

As a consequence of this investigation of
impacts on the lake, and other studies, the use
of powered recreational craft has recently been
banned on Brown Lake. However, the persis-
tence of PAHs after inputs have ceased (Wells
and Adams, 1991), particularly in anoxic sedi-
ments (Neff, 1979; Mastran et al., 1994), means
that the invertebrates associated with the sedi-
ments of this perched dune lake may be
exposed to significant concentrations of PAHs
for some time to come. Future monitoring of
sediment PAH levels in Brown Lake, and bioas-
say studies, have been recommended to deter-
mine the long-term effects of power-boating
activities on the lake ecosystem.

Summary and Conclusions

Summaries of the main physical, chemical and
biological impacts on aquatic systems by
power-boating and water-skiing, as well as the
impacts of boat-launching activities, are pre-
sented in Figs 8.7, 8.8, 8.9 and 8.10, respec-
tively. Jaakson (1970) stated that ‘excessive
boating and littoral activity often results, and, in
a large way, may contribute to the deterioration
of a lake as an attractive recreation area’.
Garman and Geering (1985a) and Edmonds et
al. (1987) noted that power-boating and water-
skiing not only had an impact on the aquatic
environment itself, but also on the land border-
ing a water body. An increase in the number of
boats operating on a lake might not only put
increased pressure on the lake biota but also on
the surrounding areas. Not only do the effects
of power-boating have to be considered, but
also effects on, and possible damage to, the sur-

rounding environment by increases in asso-
ciated land-based recreational activities and
traffic (e.g. four-wheel driving). For example, an
increase in the number of visitations (e.g. as a
lake becomes a more popular water-skiing
venue) will bring with it increases in the
number of cars, the amount of rubbish left
behind and trampling (and thus destabilization)
of the banks (Liddle and Scorgie, 1980). Thus,
an area surrounding a site where water-skiing is
carried out requires a sufficient infrastructure to
support an increase in visitor numbers (e.g. car-
parking facilities, picnic areas, constructed
paths) and to meet the demands of these visi-
tors (cf. Garman and Geering, 1985a). Garman
and Geering (1985a) stated that participants in
power-boating and water-skiing activities ‘are
the least tolerant of management strategies
designed to move uses away from sensitive
foreshore areas’ and that they ‘contribute
largely to excessive pressures on these areas’. A
continuous increase in power-boating and
water-skiing on waters where these practices
have been carried out in the past will com-
pound possible impacts. Some of the specific
requirements for power-boating include good
vehicular access to allow boat trailers to be
brought in, suitable launching sites (banks with
little slope), and a water body free from
obstructions (Feilman Planning Consultants,
1987). In addition to this, a dense riparian veg-
etation is favoured by water-skiers, since this
helps in reducing strong winds (Feilman
Planning Consultants, 1987).

As recreational boating on inland waters
continues to grow, it has become apparent that
a sound management strategy is a necessity for
the majority of the high-usage waters, in order to
avoid a deterioration in both their environmen-
tal and recreational qualities (cf. Adams et al.,
1992). This need has also been expressed in a
report by the Department of Community
Services and Health (1990), where it was stated
that ‘in the absence of proper planning and con-
trol, the pressure associated with heavy recrea-
tional use can itself rapidly reduce the value of
a body of water as a public amenity’. To monitor
possible impacts, a baseline study of the aquatic
environment concerned would have to be car-
ried out prior to the start of any power-boating or
water-skiing activity (cf. Hodges, 1991), or,
where this is not possible, an aquatic habitat
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Waves and wash (e.g. erosion of banks, erosion of plant roots,
destruction of floating bird nests)

Propeller action (cutting damage to aquatic flora and fauna)
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Availability of increased
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PHYSICAL IMPACTS

Waves and wash (e.g. erosion of banks, erosion of plant roots,
destruction of floating bird nests)

Turbulence (propellers causing sediment resuspension and
turbidity, especially in shallow water near banks)

Direct boat contact (injury to aquatic animals, disruption of aquatic
macrophytes – especially in fringe areas)

Visual and noise disturbance (scaring away wildlife, diminishing
the enjoyment quality of other visitors)

Fig. 8.7. Summary of the main physical impacts on aquatic systems of power-boating and water-skiing
activities.

Lowering of oxygen content of water (can result in a decrease in
phytoplankton production)

Carbon oxide, nitrogen oxide, sulphur oxide

Primarily through the introduction of hydrocarbon compounds (raw fuel
mixtures and combustion products) into the water column and sediments

Phenols

Phosphorus, nitrogen, sulphur, zinc, ethylene dichloride, ethylene
dibromide

Long- and short-chained hydrocarbons

Heavy metals (in particular lead)

Antifouling paints (TBT, copper)

CHEMICAL IMPACTS

Fig. 8.8. Summary of the main chemical impacts on aquatic systems of power-boating and water-skiing
activities. TBT, tributyltin.
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similar to the one used for recreational purposes
should be used for comparative studies.

As has been seen from this review, water-
based recreational activities such as water-
skiing and power-boating can have far-reaching
impacts on freshwater ecosystems, many of
which are easily recognizable (for example ero-
sional effects, increases in turbidity, noise).

However, not all of the boating-induced
impacts are highly visible and may only have
an effect after a longer period of motorboat
activity (for example, PAHs accumulating in the
water column and sediments, resuspended sed-
iments clogging the gills of aquatic insects).

It has become clear that in order to reduce
the impact of power-boat operation on water
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Introduction of plant fragments via material entangled in boat
trailers and/or propellers

Phytoplankton (e.g. diatoms) and other microorganisms carried in
the propulsion system of jet skis

Reduced fish hatching

Increased invertebrate drift

Clogging of respiratory structures by silt

Reduced feeding success

BIOLOGICAL
IMPACTS

Fig. 8.9. Summary of the main biological impacts on aquatic systems of power-boating and water-skiing
activities.

Bank erosion and destruction of riparian vegetation at boat
launching/retrieving sites

Localized increased turbidity at launching sites

Fuel spills at launching sites

4WD activities

BOAT-LAUNCHING
ACTIVITIES

Fig. 8.10. Summary of the main impacts of boat-launching activities on aquatic systems. 4WD, four-
wheel drive.
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bodies, regulatory measures have to be im-
plemented, either restricting or even totally
prohibiting boat usage. Chenoweth (1984)
recommended that as one of the specific
site requirements, a lake should be greater than
10ha in size to accommodate power boats, and
greater than 50ha in size in order to safely
accommodate water-skiers, stating that each
boat takes up 5ha of space. Jaakson (1979) sug-
gested that on lakes smaller than 50 acres
(20.23ha) water surface, strong consideration
should be given to a total ban of all power
boats. A lake could easily become congested as
a result of uncontrolled power boating, posing
a danger to swimmers and other activities, and
ultimately resulting in the lake losing its appeal
to visitors (Jaakson, 1970). The operation of
high-powered motor boats (especially in con-
junction with water-skiing) on reservoirs (or
lakes) requires patrols to provide a safe envi-
ronment for activities such as swimming, with
the establishment of boat exclusion zones
highly recommended to separate swimmers
from power boats (Council on Environmental
Quality, 1975). In the case where separation
between swimmers and powerboats proves to
be unsuccessful or impossible, a system where
power boating is allowed only on certain days
could be implemented (Council on Environ-
mental Quality, 1975). Lane and McComb
(1988) reported that on permanent lakes of the
Swan Coastal Plain in Western Australia, recre-
ational activities such as swimming and power
boating are now prohibited to protect the envi-
ronment from disturbance, in particular for the
benefit of waterbirds.

Power-boating is not permitted on many
newly constructed water storages, for example,
power-boating and water-skiing have never
been allowed on Wivenhoe Dam, south-east
Queensland (even though these activities are
permitted on the older, nearby Somerset Dam).
Recreational activities on the lake are con-
trolled by management policies which stipulate
that activities are prohibited where they cause
or are likely to cause water pollution, cause or
are likely to cause natural resource deteriora-
tion, endanger other users of the lake, create an
unacceptable nuisance, or involve unaccept-
able risks to participants (Queensland Premier’s
Department, 1985). Boats propelled by an elec-
tric motor are permitted on the lake.

Jaakson (1979) stated that any attempt to
properly manage recreation areas must incor-
porate measures whereby competition and
conflict can be minimized. While the demand
for water-based recreation resources is increas-
ing rapidly in most Western countries, attempts
to satisfy participants in the conflicting activ-
ities (e.g. water-skiers and swimmers) have
rarely been successful (cf. Jaakson, 1979).

Authors of the majority of papers and
reports consulted during the preparation of this
review came to the conclusion that power-
boating and water-skiing produce adverse
effects on the aquatic environment. However, a
small number concluded that ‘reasonable
levels of use on lakes of reasonable size will
produce no adverse consequence’ (Australian
Water Resources Council, 1984; cf. also
Hodges, 1991; Victorian Department of Con-
servation and Environment, 1991).

While many impacts from power boats
and water-skiing on lakes and rivers have been
identified and documented, it has become
apparent from this review that ecological impli-
cations have, in the past, been underestimated.
Warrington (1999) commented that ‘studies
carried out to measure the effects of outboard
exhaust on bulk water quality, and on the
organisms that live in the water, have not been
well designed to answer crucial biological
questions and the results are tentative at best’.
We concur, and conclude that both the direct
and indirect effects of power-boat usage on
lake, wetland (including riparian) and river
biota warrant further investigation, some criti-
cal issues being the impacts of boating on
waterbirds and their riparian and wetland hab-
itats, the effects of settled sediments on aquatic
flora and fauna, and, in particular, the effects of
fuel and combustion products on aquatic biota,
including food-chain accumulation processes
and ecosystem consequences.
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Introduction

Travel to the world’s polar regions has been of
great interest to ‘outsiders’ since at least the time
of Capt. James Cook. He surveyed extensively
around Antarctica and the Arctic for the Royal
British Navy on his second and third circum-
global navigations between 1772 and 1779.
Early as he was, Cook was firmly within the third
wave of European visitors, the second wave
having consisted of the key 16th and 17th
century expeditions of Ferdinand Magellan
(1519–1522), Martin Frobisher (1576–1578),
John Davis (1585–1588), Willem Barents
(1596), Henrik Hudson (1607–1610), and
William Baffin and Robert Bylot (1615–1616).
The first wave comprised the Norse, who settled
Iceland, southern Greenland and (briefly!)
northernmost Newfoundland and explored the
coasts of Baffin Island and Labrador. The reports
of abundant marine mammals and fish by the
second and third waves of explorers set off suc-
cessive movements to commercially exploit first
the Barents Sea, the waters of the Canadian east-
ern Arctic and, later, the Bering and Beaufort
Seas.They sought oil, baleen, ivory and food, not
to mention adventure. As a result, by the early
1500s Basques had established fishing and
whaling settlements in southern Labrador and by
1614 some 25 ships were whaling in the vicinity
of several stations and settlements on Svalbard
(Armstrong et al., 1978; Sugden, 1982).

Many of these ventures actually harboured
political (nationalist) and scientific, in addition
to commercial, intent. The difficult journeys to
traverse the so-called Northeast and Northwest
Passages thus resulted in the collection of numer-
ous scientific ‘specimens’ (minerals, plants,
birds, even occasional humans) and the naming
of countless geographic features. Outside of
Svalbard, Iceland and Antarctica, many of these
places had long since been named, or were at
least well known, by the indigenous peoples
who inhabited them (Müller-Wille et al., 1987).
As with mountain climbers in alpine regions,
there has always been special importance
attached to ‘being first’.

Then, much as today, arctic residents them-
selves tended to view the new arrivals as visitors
or transients, with seemingly little incentive to
stay for any length of time and high turnover
among personnel, even at established stations.
Perhaps this is also the nature of polar tourism.
In Finnish Lapland, for example, domestic tour-
ists are generally repeat visitors, whereas the
majority of foreigners visit only once (J.
Saarinen, personal communication 2003). For
ship-borne tour operators in both polar regions,
a significant percentage (25–30%) of tourists do
return repeatedly, depending upon the itinerary/
destination (A. Grenier, personal communica-
tion 2003). Outsiders tend to view the region
with a sense of mystery and romance; some-
thing difficult to obtain but worth substantial
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cost and effort to visit at least once. It is no
wonder that the marketing for tourism tends to
revolve around the notion of the Arctic as one
of ‘the last wilderness frontiers’ (Swaney, 1999),
‘the final frontiers’ (Cornwallis and Swaney,
1991) or ‘the last great untouched wilderness
areas on Earth’ (Soublière, 1997). With its lack
of an indigenous human population, the
Antarctic is marketed as ‘the loneliest of lands’,
as well as ‘a spectacular wilderness’ (Rubin,
1996).

The concept of ‘wilderness’ is itself a
Western construct, with its roots in Judeo-
Christian fundamentalism. Europeans brought
this concept with them to North America as
they set out to tame the ostensibly ‘wild’ lands
of the continent’s western frontier (Nash, 1982).
In as much as it applies to polar environments,
it is worth keeping in mind that arctic cultures
have not recognized this concept, since they
are traditionally at home in these so-called
wild and barren arctic lands (Forbes, 2004).
Interestingly, two decades after it was coined,
‘ecotourism’ remains a term with no mutually
agreed meaning or value. Yet, without discuss-
ing semantics, it is apparent that ecotourism in
polar lands has much to do with the desire of
tourists to visit ‘wilderness’ or ‘unspoiled
nature’ (Page and Dowling, 2002). Wilderness
can be a formal designation sanctioned by the
government, as it is in the USA (Klein, 2002), or
more informal, as in marketing literature such
as brochures and guide or handbooks (Bruem-
mer, 1993; Swaney, 1999). In either case, there
is a necessary, if sometimes tacit, connection
between ecotourism and the development of
conservation strategies, e.g. protected areas
(Bonner and Smith, 1985; Dingwall, 1995a;
Ceballos-Lascuráin, 1996; Humphreys et al.,
1998).

Management strategies are necessary if
polar ecotourism is to be sustainable
(Humphreys et al., 1998; Kaltenborn, 2000;
Kaae, 2002). The reason is that tourism, in
general, has expanded significantly in all sec-
tors of the Arctic and Antarctic in recent
decades. As a result there are widespread con-
cerns about dilution of the tourists’ ‘wilderness’
experience, at a minimum, in addition to deg-
radation of the environment and indigenous
cultures in the worst-case scenarios (De
Poorter, 1996; Nuttall, 1998; Prokosch, 2001).

This chapter will provide an overview of the
nature and breadth of tourism in polar environ-
ments. Special emphasis will be placed on eco-
logical impacts associated with contemporary
recreation activities in terrestrial arctic and sub-
arctic ecosystems. The format will be geograph-
ical, organized by individual regions.

Geographic Regions

Alaska

Tourism has played an important role in the
economic and cultural development of Alaska
over the past 125 or more years. Although the
resource-extractive industry has also been a
major economic force during the same period,
it is arguable that tourism and recreation has
been a more consistent factor in the develop-
ment and changes in the Alaskan landscape. In
2001, it is estimated that tourism generated
over US$1.8 billion in visitor expenditures,
with many of the visitors no doubt attracted to
Alaska to experience the dramatic natural envi-
ronment (Alaska Travel Industry Association,
2001). Tourism and total visitation continues to
grow in the state despite the reputation of
Alaska being more expensive than other areas
(Nichols Gilstrap, 2000). For the purposes of
this chapter, we will focus on ecotourism activ-
ities in arctic Alaska, with reference as appro-
priate to southern Alaska, where the majority of
ecotourism operations currently take place
(Colt et al., 2002).

The roots of tourism in Alaska can be
traced back to at least the latter 1800s, where
the coastal communities of south-east and
south-central Alaska actively promoted and
supported steam-ship tourists to explore the
natural and cultural highlights of the area.
Natural areas such as Glacier Bay and the Muir
snowfield were primary attractions, as well as
the cultural aspects of communities of Sitka and
other areas. In the Arctic, the writings of Robert
Marshall in the 1930s, regarding his expedi-
tions to the Brooks Range, certainly increased
the reputation of the area as the ‘ultimate
wilderness’ (Marshall and Marshall, 1970).
Today the state government and several indus-
try organizations actively promote tourism and
ecotourism as essential components of the
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economy. In particular, the Alaska Wilderness
Recreation and Tourism Association, an organ-
ization of ecotourism professionals, has been
active in organizing ecotourism activities and
in promoting sustainable practices and policies
(Alaska Wilderness Recreation and Tourism
Association, 2002).

Northern Alaska remains a vast, wild land-
scape with opportunities for visitors to experi-
ence an arctic wilderness in as close to an
untouched state as is possible in the 21st cen-
tury. None the less, impacts from visitation do
exist and continue to be a concern, particularly
as visitors travel into new areas in potentially
sensitive arctic environments. Despite the re-
moteness of the Alaskan Arctic, technological
advances and increased access, combined with
widespread marketing by the tourism industry,
have driven substantial increases in visitation.
In addition, activities with short histories, such
as aircraft ‘flightseeing’, snowmobile use and
mountaineering, are increasing, adding to the
management challenges and impact concerns
(Martin, 2003). While some ecotourism activ-
ities in north Alaska are limited to developed
settings, such as lodges and other tourist facil-
ities (Bettles Lodge, 2003), the many visitors to
protected areas are primarily oriented towards
backcountry travel in the wilderness parks and
preserves (National Park Service, 2003). Out-
fitters and guides offer a range of activities
including dog sledding, kayaking and river raft-
ing, backcountry fishing, and hiking and climb-
ing. As such, ecotourists are travelling and
camping in wilderness environments, with the
associated potential impacts from these activ-
ities being disturbance to vegetation, soils,
wildlife and effects on water quality.

The Alaskan Arctic remained relatively free
of human impact until petroleum exploration
began in the 1940s (Walker et al., 1987). Many
studies have been conducted on the impacts of
oil-field development (e.g. Oechel, 1989;
Reynolds and Tenhunen, 1996; Truett and
Johnson, 2000), some of which relate to pos-
sible tourism impacts, such as the conse-
quences of vehicle disturbance on arctic tundra
in summer (e.g. Bliss and Wein, 1972) and in
winter (Felix et al., 1992; Emers et al., 1995;
Emers and Jorgensen, 1997). Other distur-
bances related to tourism, such as the effects of
sand and dust on tundra adjacent to gravel

roads, have also been examined (Auerbach et
al., 1997).

Actual applied research on impacts as a
consequence of ecotourism and related activ-
ities in arctic Alaska is limited to a few pub-
lished studies, and some ongoing monitoring
efforts in several of the protected areas (e.g.
Emers et al., 1997). Impacts from backcountry
use in the north were observed as early as 1976
in the Arrigetch Peaks Region of Gates of the
Arctic National Park, an area of high visitor
appeal and ecological importance (Cooper,
1986). Two studies have examined the ability of
Alaskan tundra ecosystems to tolerate off-trail,
dispersed recreation use, such as that from
backcountry camping and hiking. An unpub-
lished report by Reid and Schreiner (1985)
investigated the consequences of low levels of
trampling applied throughout the summer to
three vegetation types in Denali National Park.
The alpine community in this study, similar in
composition to the Dryas tundra common in
the arctic, was found to be relatively durable to
human use. Monz (2002) investigated the toler-
ance of two common plant communities in
arctic Alaska to hiking disturbance. Both the
Dryas tundra and the tussock tundra were
found to be moderately tolerant to hiking dis-
turbance and, although specific responses
varied between the two plant communities,
pre-disturbance conditions had returned to all
but the areas of highest disturbance after 4
years. This suggests that, with visitor use below
impact threshold levels and with minimum-
impact education programmes, it is possible to
allow for primitive and unconfined recreation
and to maintain these areas with a minimum of
observable impact.

The issue of maintaining a high level of
resource quality in protected areas of the
Alaskan North will undoubtedly require future
research and the careful management of visi-
tors. The overall body of knowledge on visitor
impacts to wildlands (Leung and Marion,
2000), and the current state of information on
the Alaskan Arctic, suggest several areas where
future efforts might be directed:

1. Impacts associated with increased aircraft
use. In Alaska, aircraft (primarily small bush
planes) have played an important role in allow-
ing for visitor access to remote wilderness areas
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largely devoid of roads. Recently, some con-
cerns have been raised on the part of managers
as to the appropriate levels of impact as a result
of aircraft landing on tundra (Roger Kaye, per-
sonal communication 2000). Strategies for
effective management of landing sites so that
impacts are not long lasting, without compro-
mising important visitor access, should be
investigated.
2. Impacts adjacent to the Dalton Highway.
The opening of the Dalton Highway, connect-
ing Fairbanks to Prudhoe Bay, to the public (c.
1994) has improved access to some areas of
the region, and it is unclear if associated
impacts have progressed (Monz, 2002).
Assessment and monitoring of impacts and
visitor trends will become more important as
use increases in areas accessible from the
highway.
3. Dispersal versus containment strategies
on arctic tundra for overnight camping. There
is some evidence that dispersal camping strat-
egies (where visitors are not required to camp
in designated sites) are effective at minimizing
impacts in arctic tundra ecosystems (Monz,
2002), but this should be investigated experi-
mentally. Currently this is the primary back-
country camping management strategy in
many areas in Alaska, and some additional
specific minimum impact guidance would be
beneficial.

Northern Canada/Greenland

As mentioned earlier, the first European visi-
tors to northern Canada and southern
Greenland were Norse, and later explorers
and commercial whalers. The Hudson’s Bay
Company established the first arctic trading
posts in Canada in the 1920s, as the fur trade
expanded from the essentially boreal beaver
(Castor canadensis) to include polar fox
(Alopex lagopus). Actual settlements were not
established until later, in the 1950s and 1960s
(Wenzel, 1991).

Interest in national parks in subarctic and
arctic Canada began already early in the twen-
tieth century, with Wood Buffalo National Park
established in 1922, straddling the 60th parallel
in Alberta and the Northwest Territories, pri-
marily to protect the bison (Bison bison atha-

bascae). The first truly arctic national park
reserve was established on south-central Baffin
Island in 1972 (Wilson, 1976), along with two
subarctic park reserves at Kluane, Yukon
Territory and Nahanni, Northwest Territories
(Nelson, 1984). Despite this, tourism in the
Northwest Territories, and what was to eventu-
ally become Nunavut, was generally consid-
ered insignificant until the 1980s (Hamley,
1991). By then, a second arctic park had been
established on northern Ellesmere Island
(McNamee, 1987), with several others under
consideration, respectively, for northern Yukon,
Banks Island, Bathurst Inlet, Wager Bay and
northern Baffin and Bylot Islands (Hamre,
1993).

By the 1990s, tourism had become a
major source of revenue in the summer
months all across the Canadian North (Bone,
1992). Tourism continues to grow in impor-
tance to the northern economy because not
only does it provide employment for local
people in the service industries, it also
improves sales of local crafts, such as soap-
stone carving, graphic prints, clothing made
from traditional materials. In addition, each
Inuit village is permitted to kill a specified
number of polar bears annually, and these
hunting rights may be sold to non-residents
and thus provide cash for local guides and out-
fitters (Swaney, 1999). The main activities vary
somewhat according to location, but tend to
revolve around access to wildlife, spectacular
landscapes and local culture. In a general
study of the motivations of Canadian ecotour-
ists, the importance of ‘wilderness factors’ and
an undisturbed environment in which to
undertake these activities emerged as domi-
nant considerations (Page and Dowling,
2002). However, the fact that some of these
tourists also engage in fishing and non-trophy
hunting sets up potential conflicts with the
subsistence activities of indigenous peoples
(Bone, 1992), similar to the situation in Alaska
(Nuttall, 1998). Certain Inuit communities of
Nunavut see ecotourism as having the poten-
tial for replacing income lost through the
European Community boycott on sealskin
imports (Wenzel, 1995). In a post-modern
twist, the ban was originally instigated by
animal rights advocates ostensibly acting on
‘ecological’ principles (Wenzel, 1991).
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Already during the planning phases, con-
cerns were raised by scientists about the com-
patibility between the proposed northern
national parks and other protected areas, the
prospects for tourism, and the management
and conservation of sensitive environments
(Nelson, 1984). Given its unusual location in
the High Arctic at the northernmost tip of North
America, the park proposal for Ellesmere Island
garnered serious criticism because of the stated
intent of the territorial government and Parks
Canada to establish a ‘regional tourist vacation
package’ and to market the park as a tourist
destination (England, 1982). The essential
contradiction in this and other northern parks
revolves around the fact that Canadian national
parks are established for ‘the dual purpose of
enjoyment and the protection of a natural her-
itage’ (England, 1983). These aims are in addi-
tion to the more political issues of national
sovereignty and the land claims process (Fenge,
1986; McNamee, 1987). The challenge for eco-
tourism in the region was laid down by the lead
scientist for the Natural Resource Inventory that
necessarily preceded establishment of the park.
He argued that future access should be tightly
restricted to small numbers of tourists who
would be subjected to a rigorous 2- to 3-day
orientation programme to inform them about
the importance of preserving archaeological
sites and critical habitats for wildlife (England,
1982). Given its extreme remoteness and the
high cost of transport, the park has proven, in
reality, to be accessible ‘for wealthy wilderness
seekers only’ (Swaney, 1999).

While the total number of tourists remains
low relative to boreal and temperate regions, it
has been observed that, even in the Low Arctic,
noticeable trails can develop after 100–200
passes by hikers, depending on the type of ter-
rain. According to Welch and Churchill (1986),
300–400 visitors per year had caused significant
damage within 10 years to preferred hiking trails
and camping locations in Auyuittuq National
Park on Baffin Island. Overall, some 500–600
hikers use the main trail in Pangnirtung Pass
each year and considerable erosion occurs on
trails associated with sandy aeolian material
(Tarnocai and Gould, 1998). In the High Arctic,
Kevan et al. (1995) found that a single pass of a
tracked vehicle when the ground was thawed
was sufficient to cause significant damage to

wet sedge meadows and that foot trails from a
handful of researchers were still visible after 13
years of disuse. More recent monitoring of foot
traffic has found ‘considerable human impact’
in a 3–4 km radius around the Tanquary and
Lake Hazen camps in Quttinirpaaq National
Park on Ellesmere Island (Tarnocai et al., 2001).
Counter to expectations voiced during the
park’s planning phase, there was less visible
impact on areas associated with trails than on
areas with dispersed traffic. Thus, in the newly
established park, dispersed traffic has already
had a visible impact, the negative effects of
which are expected to increase as the number of
visitors increases in the next decade.

In Greenland, as in northern Canada, the
early 1900s also marked the beginning of rapid
population growth as settlements for fishing,
hunting and sheep farming were established
in the south and west (Born, 2001; R.O.
Rasmussen, personal communication 2003).
Organized tourism began in the late 1950s and
increased steadily to about 7000 tourists annu-
ally during the 1960s. While statistics have
been poorly kept in the past, this breaks down
to approximately 3300–4000 land-based tour-
ists, and the rest from cruise ships or 1-day
flights from Iceland. Since then a concerted and
highly ambitious effort has been made to
increase the annual total of tourists to 35,000
by the year 2005 (Christensen, 1992). As of
1991, sustainable tourism has been one of
three key issues in a commercial national
development strategy established by the Green-
landic Home Rule government, and substantial
public funds have been allocated to tourism
development. It was stipulated that the devel-
opments must be environmentally and cultu-
rally responsible. To date, the expected income
and job-generating effects have not been met
(Kaae, 2002).

As in other northern regions, the industry is
highly seasonal, with most tourists arriving in
July and August. Greenland Tourism divides the
country into four main geographical regions
(north, south, east, west) (Kaae, 2002). As
well, three different subzones within southern
Greenland have been planned to accommodate
a range of activities which all tend to focus
strongly on nature-oriented qualities and activ-
ities. Some of these have been important in
Greenland tourism for many years. Those which
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might be accommodated under the umbrella
of ecotourism include mountaineering, hiking,
rock-climbing, cross-country skiing, wildlife
viewing (whales, muskox, wild reindeer), dog-
sledging, sailing and iceberg-touring, visits to
historical sites, and general sightseeing, includ-
ing trips to view the inland ice cap (Christensen,
1992). Hunting permits for tourists are avail-
able, but are not valid for muskoxen, walrus,
polar bears or whales (Helms, 1991). Kaae
(2002) asserts that the tourists indeed come pri-
marily to experience the unique ‘arctic nature’
and the Inuit culture, including local handi-
crafts. Interestingly, while some tourists may
perceive of nature in Greenland as ‘wilderness’,
the term ‘wilderness’ does not seem to appear
in tourist brochures or within general Danish
language (79% of the tourists come from
Denmark), and no classifications such as
‘wilderness’ exist in current Danish nature clas-
sification systems.

Northeast Greenland National Park, the
world’s largest, was established in 1974 in the
High Arctic. In addition, there are five smaller
protected areas, based on legislation from
1980, and 11 so-called Ramsar areas for pro-
tecting wetlands and bird habitats, which are
not legally recognized and allow for informally
regulated hunting and fishing access. Given the
requirement of special permission to visit, cou-
pled with extreme remoteness, the National
Park receives only 150 tourists a year. Instead,
most tourists restrict their visits to the more
accessible coastal subarctic and Low Arctic
areas of southern, western and eastern Green-
land. Tourism impacts have received little study
to date, but an ongoing inter-Nordic study aims
to map environmental impacts of the tourism
industry in Greenland, Iceland and Svalbard.
Initial results indicate that tourists respond neg-
atively to visual pollution and that impacts
result from local residents as much as from
tourists (Kaae, 2002). Past research has
addressed the impacts of patchy disturbances
on tundra vegetation and soils, such as off-road
vehicle traffic, transient housing (from the
Norse period to more modern settlements) and
experimental removal of the organic layer (Bay
and Holt, 1983; Holt and Bay, 1983; Forbes et
al., 2001). Another area of concern is inten-
tional or unwitting disturbance of wildlife, e.g.
nesting peregrine falcons (Mordhorst, 1998).

Northern Fennoscandia and Svalbard

In northern Europe, adventure holidays began
as early as the 19th century. Wealthy Europeans
travelled to Norway to fish for salmon and hunt
wild animals. There were people going on pri-
vate cruises to Svalbard in the 1850s, while reg-
ular cruise traffic had begun by the 1870s – also
stopping at North Cape – and a hotel catering
to Svalbard’s ship-borne tourists existed by
1896 (Fogg, 1998; Viken, 1998; Kaltenborn,
2000). Increasing tourist numbers soon led to
the establishment of national parks, to preserve
areas for the dual purposes of nature conserva-
tion and recreation. Nine national parks, for
example Sarek, were founded in Sweden in
1909, being the first national parks in the whole
of Europe. In Iceland, Thingvellir National
Park was established in 1928, while in Finland
the first parks, Pallas-Ounastunturi and Pyhä-
tunturi, were founded 10 years later in 1938.
Norway, perhaps with the longest history of
nature tourism in Fennoscandian countries,
established its first national park, Rondane, as
late as 1962, whereas on Svalbard the parks
were established in 1973.

At present, there are approximately 20
national parks in Fennoscandian Lapland. Parks
in Norway, Svalbard and certain Swedish parks
are especially popular destinations for adventure
tours, while in Finnish national parks, with easier
terrain and smoother mountains, hiking and
cross-country skiing are the most popular forms
of recreation. Svalbard is often characterized as
‘the last European wilderness’ (Kaltenborn and
Emmelin, 1993). Some 20,000–25,000 tourists
come to Svalbard yearly on overseas cruises,
which is about one-quarter of all tourism in the
circumpolar High Arctic (Hindrum, 1998;
Kaltenborn, 2000). In Finnish Lapland, the
largest national parks, UKK and Pallas-
Ounastunturi, are visited annually by 150,000
and 100,000 visitors, respectively. In recent
years, around 200,000–250,000 tourists have
visited North Cape annually, and a total of
30,000–40,000 have visited Svalbard (Viken,
1998). Recreational activity is also exten-
sive around large combined tourism–business
areas, such as Finland’s Saariselkä, Ylläs and
Levi, which emphasize modern forms of winter
recreation among their activities, such as down-
hill skiing and snowmobiling.
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The first national parks were established in
order to conserve landscapes of beautiful scen-
ery and aesthetic value for recreational pur-
poses. Nature conservation and recreation
have long been regarded to benefit from each
other. With the steady increase in tourist num-
bers over the years, however, conflicts have
arisen between nature conservation, recreation
and some traditional forms of land use, e.g.
reindeer herding. The reasons include the
amount of locally apparent degradation of veg-
etation and soils (erosion), disturbance to
animals and increasing tourism-related infra-
structure (roads, cabins, powerlines, etc.) (Bäck
et al., 1989; Helle and Särkelä, 1993; Vistnes et
al., 2001). According to Saarinen et al. (2000),
during the 1970s and 1980s awareness of nat-
ural processes increased, and the emphasis of
nature conservation was on threatened and rare
species. Today, the protection of biodiversity
and maintenance of ecosystem functions are
the main rationales for conservation, instead of
single species and habitats (Saarinen et al.,
2000). Attention is also paid to social and eco-
nomical conditions of the local communities,
which has brought back the role of recreation
and tourism in the planning, administration and
management of nature conservation areas.

The relative importance of tourism as a
year-round source of income is constantly
increasing in northern Fennoscandia, with the
simultaneous relative decrease of traditional
sources of livelihoods, such as forestry, farming,
hunting and fishing. At present, the income
from tourism exceeds the income from agricul-
ture and forestry in many rural municipalities in
Finland (Saastamoinen et al., 2000). The bene-
ficial impact of tourism on local economies
has increased the positive attitudes of people
towards visitors, although there may still be sig-
nificant scepticism towards tourism in the more
rural areas. Popular modern museums focusing
on regional nature, culture and history now
exist in northern Norway (e.g. Tromsø; Varan-
gerbotn), Sweden (e.g. Jokkmokk) and Finland
(e.g. Inari; Rovaniemi).

The right of public access has largely
shaped the development of recreation and eco-
tourism throughout Fennoscandia. Known pop-
ularly as ‘everyman’s rights’, this allows for free
access to and use of both public and private
land, provided no harm is caused to people,

animals or vegetation. Traditional outdoor
activities, e.g. walking, skiing and biking, and
gathering of berries and mushrooms, are
allowed for everyone, whereas restrictions are
made considering, for example, the use of
motorized vehicles or camping for more than
one night, use of firewood, etc. These rights
show some variation among the Fennoscan-
dian countries, with Svalbard, for example,
posing less restrictions to the use of motorized
vehicles compared with mainland Norway
(Kaltenborn, 2000), Sweden and Finland. Des-
pite the right of public access in unprotected
areas, zoning has been used to limit access to
the most sensitive sites in national parks and
nature reserves. For example in Pallas-
Ounastunturi National Park in Finnish Lapland,
hiking in restricted zones is forbidden during
summer, whereas in wilderness and basic-
access zones, hiking and skiing are allowed.
However, official trails are only located in the
basic zones, which concentrates most recrea-
tional use within the least-sensitive habitats. On
Svalbard, there is also concern about distur-
bance of wildlife in sensitive habitats; in partic-
ular, marine bird-cliffs (Umbreit, 1998) and
beach-dwelling arctic terns (Stonehouse, 1998).

In Finnish national parks, local people are
allowed to continue hunting and reindeer herd-
ing, but the increase in recreation may, in some
parks, lead to restrictions on the possibilities to
maintain these traditional activities. Ironically,
as Beach (1994) points out, ‘the tourist who sets
out to experience the last great wilderness in
Europe does not always appreciate that this
“wilderness” is in fact the immemorial home-
land of the indigenous Saami and the stamping
grounds for a highly developed traditional rein-
deer herding’. The Saami have indeed been
instrumental in creating their environment,
which some conservationists wish to label as
purely natural (Nuttall, 1998). The national
parks are actually quite important for the rein-
deer, due to the availability of epiphytic lichens
(Alectoria spp. and Bryoria spp.) during winter,
during the calving period in spring, and for relief
from insect harassment during summer, when
the reindeer are willing to climb to the high fjells
(Warenberg et al., 1997). Reindeer herders have
the right to use snowmobiles and all-terrain
vehicles (ATVs) in conjunction with their work.
Since recreation and reindeer herding occur in
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the same region, the vegetation in very sensitive
fjell areas is subject to significant wear.
Mobilized and more intensive reindeer herding
has increased the numbers of reindeer, which
has had a negative impact on the cover of cer-
tain lichens – via both consumption and tram-
pling – as well as the regeneration of mountain
birch (Lehtonen and Heikkinen, 1995), in addi-
tion to the negative effects on the terrain by the
vehicles.

In Fennoscandia, scientific research on the
ecological impacts of recreation started during
the 1970s, which is considerably later than in
North America and Great Britain, for example,
where vegetation studies had already been pub-
lished in the 1930s (Bates, 1935). Some moni-
toring of the impacts of recreation had been
carried out earlier, but the information has not
been published. In Finland, most published
studies on ecological impacts of recreation have
been carried out in southern or central parts of
the country (Holmström, 1970; Kellomäki,
1973, 1977; Kellomäki and Saastamoinen,
1975; Nylund et al., 1979; Malmivaara et al.,
2002), while the number of studies concentrat-
ing on Finnish Lapland is smaller. Hoogesteger
investigated the vegetation changes around
wilderness huts in Finnish and Swedish Lapland
(Hoogesteger, 1976, 1984; Hoogesteger and
Havas, 1976), while Tolvanen et al. (2001) have
studied the impact of experimental trampling
on regeneration of subarctic vegetation. In
Swedish Lapland, regeneration of subarctic
tundra heath vegetation was monitored for 3
years in an experimental study by Emanuelsson
(1984). Norwegian studies have investigated,
for example, the effects of arctic expeditions on
heath vegetation and soil (Gellatly et al.,
1986a,b), the influence of experimental or rec-
reational trampling on the recovery of fen,
grassland and heath vegetation (Arnesen,
1999a,b), or followed 22 years of natural regen-
eration following trampling within three vegeta-
tion types in arctic–alpine tundra (Wielgolaski,
1998).

Ecological changes are inevitable even
after very low levels of visitor traffic. The direct
impacts of recreation are invariably negative:
the value of the environment decreases as a
consequence of wear and decreased visual
quality. A reduction in species cover and den-
sity occurs even at low trampling intensities,

after which the change is slower. On many
trails, there are hundreds or thousands of users
during a single summer. The main issue is to
keep the spatial dimensions of the trails under
control, i.e. prevent their further expansion. For
example, at Finland’s Saariselkä tourist resort,
with over 150,000 day hikers per year, the
width of trails varies between 1.4 and 3.6m, the
widest points being 8m, which can also be
seen from a distance of many kilometres. The
deepest points can be over 30cm, which may
be partially a consequence of fluvial soil ero-
sion, especially during the snowmelt period
(Rautio et al., 2001). Camping has an even
greater local impact on vegetation than hiking.
In UKK National Park, the amount of altered
vegetation area around wilderness huts had
increased 2.5- to 19-fold in 1999 (Rautio et al.,
2001) compared with measurements carried
out at the same sites 25 years earlier (Hooges-
teger, 1976). During this time period, summer
visitor numbers had increased fivefold at some
huts, from 1000 to 5000 people (Rautio et al.,
2001).

The wear and tear on the environment
reduces its value for recreation. Especially in
areas of summer tourism, attempts have been
made to protect the environment from further
wear. Complete closure of the trail or addition of
artificial structures, e.g. stairs, cover, duck-
boards, are probably the only methods to protect
the environment. Zoning is used to limit access
to the most sensitive sites within protected areas.
For example, in Pallas-Ounastunturi National
Park, hiking in restricted zones is forbidden
during summer, whereas in wilderness and basic
zones, hiking and skiing are allowed. However,
official trails are only located in the basic zones,
which concentrates most recreational use within
these least-sensitive habitats.

Perhaps the most neglected areas today are
those that concentrate on winter recreation,
especially downhill skiing. Management of the
slopes and the wear of the environment is not
seen by visitors due to the snow cover in winter.
In summer there is little interest among owners
for costly restoration activities to improve the
quality of the environment. According to a
questionnaire made in Ylläs tourist resort in
Finland, local residents were more concerned
about the condition of their environment than
were the visitors (Rautio, 1997). A restoration
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project was established in the area in 1994, due
to public debate caused by the low visual qual-
ity of the downhill skiing centre. The project
aimed at finding natural methods to improve
the quality of the environment. The results
showed that there are no rapid methods for the
restoration of downhill skiing slopes with natu-
ral vegetation (Rautio, 1997). Perhaps these dis-
couraging results have hampered the later
restoration attempts of the skiing centre, while
other centres, e.g. Levi, have used restoration
activities as a method to improve their image.

Russia

The first protected areas in Russia were estab-
lished as early as the reign of Peter the Great
(1696–1725), although national parks have
existed only since 1983. Until very recently the
strict nature reserves, so-called Zapovedniks,
were off-limits to the general public, with a
complete ban on all economic and other activ-
ities, including ecotourism (Fogg, 1998). But
new rules allow for the designation of special
zones within Zapovedniks where tourist nature
trails can be established. As in North America
and Fennoscandia, national parks serve a vari-
ety of purposes, including protection of natural
complexes and cultural heritage, as well as
maintaining public access for hiking, camping,
skiing and other recreational pursuits, in addi-
tion to environmental education.

So far, tourism linked to protected areas is
on a minute scale. Yet nature tourism is consid-
ered to offer one of the few opportunities in
modern Russia to raise money for conservation.
Income generation through ecotourism is
expected to be easier for national parks than for
the four other types of protected areas, because
recreation falls within their mandate. The
Bering Straits region has already begun to
attract visitors via Alaskan ecotourism compa-
nies, and large numbers of tourists go ashore
from boats to visit archaeological sites, native
villages, and seabird and walrus colonies
(Wells and Williams, 1998). In addition, the
Northeast Passage offers substantial opportu-
nities for developing ship-borne tourism (John-
ston and Hall, 1995). At least one observer has
pointed out the irony of ‘eco’ tourists accessing
some of the most sensitive terrestrial habitats of

the High Arctic via Russian nuclear-powered
icebreakers through the very shipping ports and
marine zones where Russia has utterly failed to
safely dispose of its nuclear waste (Umbreit,
1998).

There is concern that the level of impact
from tourism and recreation (including sport
hunting and fishing) is rising, and in the near
future might put significant pressure on north-
ern ecosystems (Vlassova, 2002). Many unique
areas of Siberia and the Russian Far East, includ-
ing the Russian portion of the Arctic, were
closed to foreigners until 1989–1991. Scientific
or ‘knowledge-oriented’ tourism is seen as one
possible form of sustainable tourism, overlap-
ping with the other forms of ‘environmentally
friendly’ tourism, such as ecotourism, adven-
ture tourism and cultural tourism (Ilyina and
Mieczkowski, 1992). Examples of scientific
tourism include the unpaid participation of
tourists in archaeological excavations, ice-
breaker expeditions, expert evaluations of large
development projects, etc.

It is believed that non-consumptive
(mainly visual) use and a high degree of ecolog-
ical and cultural literacy of the participants can
guarantee minimal negative environmental and
socio-cultural impact (Ilyina and Mieczkowski,
1992). On the other hand, indigenous groups
have voiced concern that accelerated develop-
ment, in general, means increased access to
remote areas by people unfamiliar with the
local culture and the existence of sacred sites
which merit strict protection (Haruchi et al.,
2002). While afforded some protection for sub-
sistence livelihoods under the Czarist and
Soviet systems, indigenous people have histor-
ically lacked legal rights over most aspects of
land use in northern Russia. Considering the
economic free-for-all that took place after
1991, Osherenko (2001) argues that some
measure of control over industrial development
within their traditional homelands – including
tourism – is essential to indigenous cultural sur-
vival. However, there are good reasons to
believe that simply establishing more Zapoved-
niks may not be the answer, as these can
impinge upon the traditional subsistence activ-
ities of northern minorities (Bolshakov and
Klokov, 2000).

Relative to neighbouring Fennoscandia,
‘wilderness’ tourism in the European portion of
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the Russian North remains on a much smaller
scale, and is likely to be so for many years to
come (Viken et al., 1995). As a result, there are
very few studies on the ecological impacts of
tourism. While in some places the vegetation of
arctic–alpine tundra has been transformed into
secondary anthropogenic meadows, the moun-
tainous area of the Polar Urals is, overall, in
rather good condition. One study of recrea-
tional impact reports that, as expected, lichens
are the most sensitive component of tundra
plant communities (Andreyashkina and Pesch-
kova, 1997). One year after pedestrian tram-
pling, lichen cover was almost completely
destroyed under a load of 800 steps/m2. Mosses
and vascular plants were more resistant to the
same level of trampling. Moss cover was
only lightly damaged in dwarf-shrub tundra,
whereas in Sphagnum tundra moss biomass was
reduced by 50% at a level of 800 steps/m2 and
c. 60–70% at 2000 steps/m2. At the higher level
of impact, the vascular species composition did
not change despite a loss of 60–70% of biomass
compared to control plots, mainly because of
rapid re-sprouting from underground organs.
However, when the load reached 4000
steps/m2, both above-ground and below-ground
organs were damaged (Andreyashkina and
Peschkova, 1997).

In another recent survey of the subalpine
and alpine zones in the Urals, recreation and
tourist travel were found to have significant
effects on the ‘synanthropization’ of the vegeta-
tion, both in the north and in the south. In the
alpine zone in the Polar Urals, only one so-
called ‘anthropophyte’ was found (Poa annua).
At lower elevations, P. annua was joined by
other typical cosmopolitan ruderal plants, such
as Taraxacum officinale, Plantago spp., Cirsium
spp., Polygonum aviculare. Otherwise, the
observed homogenization of vegetation com-
position in polar and alpine tundra along tour-
ist routes and in camps was entirely derived
from the indigenous flora (Gorchakovskii and
Korobeinikova, 1997).

Antarctica/sub-Antarctic islands

As in the circumpolar Arctic, while overall
numbers remain small relative to other regions,
tourism in Antarctica has increased dramati-

cally in recent years. The same is true of the
widely scattered sub-Antarctic islands, which
occur in ten recognized groups and belong to
six nations (Hall and Johnston, 1995; Valencia,
1995). Tourists now far outnumber scientists,
and the management of visitors and monitoring
of varied human impacts on ecosystems
remains inconsistent, presenting certain chal-
lenges to the multinational Antarctic Treaty
System (Dingwall, 1995b; Hall and Johnston,
1995). Organized tourism began in the mid to
late 1950s, via both aircraft and ship. As of the
1990s, 19 out of 20 tourists are ship-borne
‘adventure travellers’, with special interests in
scenery and natural history and, although exact
numbers are difficult to determine, in recent
years tourists have averaged somewhere be-
tween 4800 and 8000 annually (Hall and
Johnston, 1995). While it has no true national
parks, the Antarctic region has many areas set
aside for scientific research (Stonehouse and
Crosbie, 1995), and as wildlife sanctuaries, e.g.
subantarctic Macquarie Island (Selkirk et al.,
1990).

Tourism can be encouraged by national
governments on the premise that it enhances
protection, yet most visitors arrive during the
on-shore breeding season for marine mammals
and birds, creating opportunities to maximize
disturbance of wildlife and wildlife habitat
(Pitman, 1990). Under the Antarctic Treaty,
Agreed Measures for the Conservation of
Antarctic Flora and Fauna with relevance for
tourism prohibit ‘harmful interference with the
normal living conditions of native mammals
and birds’. These may include allowing dogs to
run free near bird and seal colonies, or any dis-
turbance of animal concentrations during the
breeding season, such as driving vehicles
unnecessarily close, or persistent attention by
persons on foot. Other ongoing problems are
the collection of native plants and the introduc-
tion of non-native plants and animals (Bonner
and Smith, 1985). As such, research on visitor
impacts has focused particularly on distur-
bance of wildlife (Stonehouse, 1992), vegeta-
tion (Kappen, 1984; Scott and Kirkpatrick,
1994) and, for several decades now, the status
of exotic and occasionally invasive species,
ranging from mites to grasses to reindeer
(Holdgate and Wace, 1961; Walton, 1975;
Block et al., 1984; McKerchar and Devine,
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1984; Smith and Smith, 1987; Leader-Williams
et al., 1989; Abbott and Benninghoff, 1990;
Frenot et al., 2001). Hall and Johnston (1995)
have suggested that, given the relatively small
numbers of tourists, the amount of research and
management interest appears to be ‘all out of
proportion’ to these numbers. Nevertheless, a
recent workshop on conservation in the region,
while recognizing tourism as a legitimate activ-
ity, recommended legal provisions for the reg-
ulation and management of tourism. Included
was a recommendation for strict protection
from any tourism activities on unmodified or
near-pristine islands (Dingwall, 1995b).

Conclusion

It is difficult to generalize about the impacts of
ecotourism within and among regions as envi-
ronmentally, economically and culturally
diverse as the Arctic and Antarctic. The main
commonality seems to be the development of
easier, if often costly, access to even the most
remote areas, and a concomitant increase in
numbers of annual visitors, regardless of the
intended activities upon reaching the final des-
tination. Another seemingly accepted wisdom
is that tourism in both of these regions is con-
sidered to play an important role in strategies
for both sustainable development and environ-
mental conservation.

In the Arctic, perhaps nothing has done
more to promote ‘ecotourism’ than the estab-
lishment of a large circumpolar network of
national parks and other types of protected
areas (Baldursson and Zöckler, 2001). While
the purpose of national parks has been well
debated in, for example, Canada (Fenge, 1986),
the concept of protected areas as conservation
tools seems to have developed without sup-
porting documentation, and often in contrast to
the available evidence. It is a commonplace
remark that tourism contributes to social
change and the eventual destruction of the very
things that the industry both promotes and
depends on, such as local cultures and the nat-
ural environment (Nuttall, 1998). Studies cited
here (e.g. Welch and Churchill, 1986; Tarnocai
et al., 2001) have, in fact, shown immediate
and significant local degradation of Low and
High Arctic vegetation and soils from hiking

and camping by as few as 100 tourists annually,
with somewhat higher thresholds evident in
subarctic regions (Gnieser, 2000; Tolvanen et
al., 2001). Surprisingly, and in contrast to evi-
dence from other research (Monz, 2002), strat-
egies for dispersing traffic that expected to
reduce impacts were proven to actually in-
crease visible degradation.

In the Antarctic, the establishment of
national parks has been seriously debated, but
is problematic because of the international
management regime in place. Nevertheless, as
in the Arctic, tourists are attracted to a number
of favoured areas, primarily for viewing wildlife
and scenery. In contrast to the Arctic, virtually
all of these tourists arrive by ship, spend only
brief periods on land, and never encounter
indigenous communities. Important concerns
comprise the disturbance of wildlife, particu-
larly during the breeding season, degradation
of the extremely limited cover of vegetation,
and the introduction of non-native flora and
fauna.

With the possible exception of Greenland,
the marketing of ecotourism in both polar
regions tends to revolve around Western con-
cepts of pristine ‘wilderness’. Outside of
Antarctica, Iceland, Svalbard and a few smaller
remote islands, this promotion directly contra-
dicts the immemorial function of these ‘wilder-
ness’ areas as homelands for a diverse array of
indigenous cultures (Forbes, 2004). Interest-
ingly, increasing numbers of tourists to the
Arctic now cite indigenous culture as the main
attraction after scenery and wildlife (Nuttall,
1998). The reality is that indigenous groups are
often left out of discussions leading to the crea-
tion of protected areas, and can find that their
livelihoods or cultural heritage (e.g. archaeo-
logical and sacred sites) are negatively affected
by otherwise well-meaning tourists, including
those who hunt and fish during their stay (Bone,
1992; Nuttall, 1998; Bolshakov and Klokov,
2000; Haruchi et al., 2002). In yet another post-
modern twist, Nuttall (1998) recently reported
that some ‘Native-owned tour companies play
on the idea of the Arctic as a wilderness and last
frontier to attract tourists seeking to experience
both landscape and traditional Native culture’.

Whoever operates future tours in either
the Arctic or Antarctic, the onus will be on
the governing bodies to mandate appropriate
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guidelines, and the tour leaders and guides to
carefully educate and monitor their groups
before allowing tourists to explore potentially
sensitive areas. In some cases, prohibiting
access altogether may be merited when the
risks of damage (e.g. species introductions,
wildlife or habitat disturbance) are simply too
great. Certainly, the future of ecotourism in the
polar regions holds many such challenges.
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Introduction

The whale-watching industry, which originated
in California (USA), dates to 1950. As of 1998,
there were 492 communities, spread over 87
countries, involved in whale-watching activ-
ities (Hoyt, 2001). While much commercial
whale-watching takes place in the USA and
Canada, whale-based ecotourism has prolife-
rated rapidly throughout the world, most
recently at venues in various parts of the
Caribbean and in Japan. Whale-watching activ-
ities are a major player in coastal tourism, with
revenue of more than US$1 billion in 1998 and
9 million participants (Hoyt, 2001). These
figures do not include companies that are
not dedicated whale-watching operations, yet
many scenic cruises rely on cetaceans as a key
natural resource (Lusseau, 2002a). Through this
course of development emerges a raft of effects
or consequences, both positive and/or negative
(depending primarily on point of view in some
cases), that are broadly classified as social,
political, cultural, economic and environmen-
tal. This chapter is primarily concerned with the
environmental impacts of tourist engagements
with whales and dolphins, the significance of
those impacts, and the development of tech-
niques aimed at managing this domain of
human activity. The chapter also seeks to dem-
onstrate that understanding and managing the
ecological impacts of whale-watch tourism

operations can not take place in isolation from
the social, cultural and political context of the
destination. Thus the relevance of issues such
as resource-use conflicts, contested cultural
values associated with whales and the politics
of managing natural resources in remote com-
munities is an important element in the discus-
sions that follow.

The Whale-watch Industry

The coastal environment has long been a venue
for leisure, recreation and tourism. Tourism
development in marine contexts is a more
recent phenomenon (Orams, 1999). Exponen-
tial growth in tourist activities that take place
on, in and under water has been a notable fea-
ture of tourism development in the late 20th
and early 21st centuries. Marine mammal-
based tourism operators have been among the
most prominent forms of marine tourism devel-
opment during this time. Tourist engagements
with marine mammals most commonly include
encounters with cetaceans, but may also
include species such as polar bear, dugong,
seals (various species), sealions, sea elephants,
walrus and sea otters, among others (e.g. the
whale shark). Within the marine mammal-
based tourism industry, this chapter specifically
addresses the ecological impacts and manage-
ment of tourist engagements with cetaceans.
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The status of cetaceans as ‘charismatic
megafauna’ partly explains the popularity and
increasing profile of whale-watching in the
contemporary tourism industry.

Until recently many countries commer-
cially hunted whales and dolphins for their
blubber (fat), their baleen and their meat (Hoyt
and Hvenegaard, 2002). Some populations of
cetaceans were also considered pests, and
bounties were placed on them (e.g. killer
whales along the US and Canadian Pacific
north-western coast). Commercial hunting still
exists in a few countries, including Norway,
where an annual minke whale hunt takes place
during a restricted season, and the Faroe Islands
(pilot whales). Japan contentiously conducts
whale hunting in the name of science, and con-
tinues an inshore drive fishery for dolphins
(mainly bottlenose dolphins) and porpoises.
Iceland, Malaysia, the Philippines, Chile and
some Caribbean countries also engage in occa-
sional inshore fisheries. The Solomon Islands
and Mexico may be included on this list, given
the recent hunting and commercial exportation
of live bottlenose dolphins to Cancun (Mexico)
to display as tourist attractions.

Many other communities have moved
towards the non-destructive use of natural
marine resources (Duffus and Dearden, 1990;
Hoyt, 2001; Hoyt and Hvenegaard, 2002).
Evolving leisure, recreation and tourism prefer-
ences have played an important part in changing
values associated with the marine environment.
These values are manifest in the transition from
destructive (e.g. fishing and oil exploitation) to
non-consumptive uses of marine resources. The
latter include leisure travel, marine sports and
recreation, adventure pursuits and ecotourism
(in its various forms), among others.

This transition has offered coastal commu-
nities the challenge of discontinuing traditional
industries that have commonly been asso-
ciated with resource overexploitation, and the
opportunities associated with new avenues of
economic development. Some have been spec-
tacularly successful in maintaining or enhanc-
ing their socio-economic status through the
pursuit of non-consumptive resource utilities.
However, the challenge remains to ensure that
management errors made with industries such
as commercial fisheries are not replicated in
non-consumptive commercial sectors. While

many would agree that marine mammal-based
tourism is preferable to the consumptive use of
marine resources, it can not be assumed that
such activities are benign in the ecological
impacts that they may cause.

The industry that originated in California in
1950 boasts an extended and uninterrupted
sequence of exponential growth since 1980
(Fig. 10.1). Through this course of development,
marine mammal tour operations have diver-
sified to the greatest possible extent. All marine
mammal species, ranging from blue whales
(Hoyt, 2001) to polar bears (Polar Bears Alive,
2003) are targeted by commercial ecotourism
businesses. Whale-watching activities, that is,
ventures targeting one or more of the 83 species
of whales and dolphins, are diverse. All 83 spe-
cies are currently targeted by whale-watching
activities in one form or another. These species
can be viewed from helicopters, planes, small
vessels, kayaks, inflatable boats, large ships, or
from land. It is also possible to interact with
numerous species of marine mammals in
‘swim-with’ activities. Some common species,
such as humpback whales, killer whales or bot-
tlenose dolphins, are the focus of more activities
than others. The success of communities that
have developed as whale-watching tourism des-
tinations relies on the predictable presence of
one or two key species of cetaceans. Both the
scale and rationale of most of these activities
classify them as ecotourism (Weaver, 2001), but
mass tourism companies (such as cruise ships)
utilize whales and dolphins as well. In most
locations where whale-watching activities have
been established for several decades, there is a
tendency for the industry to move towards
fewer, larger vessels that can take more passen-
gers (Hoyt, 2001). Most activities take place in
coastal waters and take advantage of the inshore
distribution of coastal dolphins and the sea-
sonal use of this habitat by most whales (breed-
ing and feeding grounds) and pelagic dolphins
(nursery areas). This affords companies the
opportunity to operate short daily tours, often
several tours per day, and reliably find the tar-
geted species on each tour. In a few locations
pelagic species can be observed inshore year-
round. For example, sperm whales can be
viewed every day in Kaikoura, New Zealand
(Richter et al., 2002), or in Andenes, Norway
(Hoyt, 2001). Offshore operations are under-

172 J. Higham and D. Lusseau

BUCKLEY MAKE-UP  23/6/04  10:32 AM  Page 172



taken in a few locations where the occurrence
of spectacular species, such as blue whales, can
be predicted. Multi-week cruises run in Antarc-
tic waters dedicated to watching large whales.
It is possible to view blue whales in Californian
offshore waters during their summer migration.
Again, these offshore trips rely on the predict-
ability of these animals being present in these
locations.

The Ecological Effects of Tourism
Activities on Whales and Dolphins

(Cetaceans)

It may be argued that the most critical element
of sustainability in this type of tourism activity
lies within the ecological dimension of marine
tourism. It is difficult to assess the impact of
human activities on marine mammals because
they live in a different environment and use
their senses differently to humans. Strict meth-
odologies are necessary to interpret responses
to anthropogenic impacts objectively. For the
past 10 years there has been increasing interest
in studying the effects of tourism activities on
cetaceans. Unfortunately, most studies have
examined only one aspect of the problem,
without considering the potential interactions
between several variables, for example acous-
tic communication and behavioural state. Few
data have been gathered on the long-term

impacts associated with boat disturbance.
Some studies have been able to relate changes
in habitat use as well as avoidance of previ-
ously preferred areas to an increase in boat traf-
fic (Baker et al., 1988; Salden, 1988; Corkeron,
1995; Lusseau, 2002b).

Several short-term studies have shown a
variety of responses. Most studies have focused
on behavioural changes depending on the pres-
ence and the density of boats. In most cases
schools of animals tend to tighten when boats
are present (e.g. Blane and Jaakson, 1995; Barr,
1996; Nowacek et al., 2001). Some species
show signs of active avoidance. Responses
range from changes in movement patterns (Edds
and MacFarlane, 1987; Salvado et al., 1992;
Campagna et al., 1995; Bejder et al., 1999;
Nowacek et al., 2001), increases in dive inter-
vals (Baker et al., 1988; Baker and Herman,
1989; Blane, 1990; MacGibbon, 1991; Janik
and Thompson, 1996) and increases in swim-
ming speed (Blane and Jaakson, 1995; Williams
et al., 2002). These signs of avoidance can be a
result of not only the presence of boats, but also
the manoeuvring of boats, including sudden
changes in vessel speed or rapid approaches
(MacGibbon, 1991; Gordon et al., 1992; Con-
stantine, 2001).

The presence and density of boats (Briggs,
1985; Kruse, 1991; Barr, 1996) and the dis-
tance between boats and individuals (Corke-
ron, 1995) can also affect the frequency or
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occurrence of behaviours. Humpback whales
in Alaska have been seen reacting to vessels up
to 4km away from the pod (Baker et al., 1988).
In addition, the behavioural state of cetacean
groups interacting with tourist vessels can be
affected and changed (Ritter, 1996; Constantine
and Baker, 1997; Lusseau, 2003). For example
interactions with boats led to a decrease in rest-
ing behaviour in spinner dolphins in Hawaii
(Würsig, 1996). Resting behaviour seems to be
the most sensitive state to boat interactions
(Lusseau, 2003).

Hearing is the primary sense of cetaceans.
They use vocalizations not only to communi-
cate and maintain group cohesion (Janik and
Slater, 1998), but also to locate prey and
navigate using echolocation (Popper, 1980).
Vocalization patterns are also altered by the
presence of tour boats. In the case of humpback
whales in Hawaii, the presence of boats has
been found to affect the song phase and unit
duration (Norris, 1994). The production of an
‘alarm signal’ as well as an increase in silence
time has been related to the presence of boats
in belugas and narwhals (Finley et al., 1990).
An increase in whistling rate has also been
linked to the maintenance of group cohesion
during interactions with boats in different spe-
cies of dolphins (Scarpaci et al., 2000; Van
Parijs and Corkeron, 2001).

More obvious impacts, such as injuries
from collisions, have also been observed. In
Milford Sound, New Zealand, four bottlenose
dolphins bore propeller scars and one 2-week

calf died after being run over by a tour boat in
2002 (Lusseau, 2002a). In 2000, a humpback
whale was hit by a vessel in the popular
Stellwagen Bank, New England, USA. The
erratic navigation of vessels causing propeller
strikes obviously affects the mortality and mor-
bidity of individuals within a population (Fig.
10.2).

More and more studies show that the nav-
igation of vessels interacting with animals is a
key parameter in the intrusiveness of the inter-
action (Nowacek et al., 2001; Lusseau, 2002b;
Williams et al., 2002). The more boats are
manoeuvred unpredictably and erratically, the
more animals try to elude them. The observed
avoidance strategies are similar to typical anti-
predator responses (Howland, 1974). Given the
recent history of the whaling industry, it is not
surprising that whales and dolphins employ
anti-predator techniques when a vessel targets
them, especially when the vessel attempts to
out-manoeuvre or impair their movement.

Measuring and Understanding
Biological Significance

It is generally recognized that one critical, but
largely unresolved, issue centres on the conse-
quences of observed marine mammal avoid-
ance responses. These need to be scientifically
researched and understood in terms of biologi-
cal significance. The biological consequences
of increased dive times, decreased blow inter-
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vals, changes in travel directions, disruption of
important behaviours and increases in aggres-
sive behaviours are not adequately understood.
It is necessary to relate the effects of the
responses observed to standardized parame-
ters, such as the energetic budget of the species,
to assess their biological significance. How-
ever, we lack the basal energetic information
that can often only be collected in a controlled
environment, to relate the changes observed to
energetic expenses. Remote sensors that can be
deployed in the field are short-lived (their life
span is measured in hours). Therefore, they pro-
vide controversial results because it is impos-
sible to know whether the animal had
recovered from the stress of being tagged
during the sampling process. However, new
avenues of scientific research are opening due
to the discovery of the emergent properties of
metabolism and cellular functions (Darveau et
al., 2002). Due to this theoretical work, it may
be possible to extrapolate values, such as meta-
bolic rate, measured in some species to species
that can only be observed in the field.
Moreover, observing the impacts of tourism on
the behavioural budget of different populations
offers the opportunity to link observational data
to energetic budget (Lusseau, 2003). The be-
havioural budget of a population is directly
linked to its energetic budget (Lusseau, 2002b).
It is therefore possible to assess the energetic
cost of avoiding interactions with boats by
observing the changes in the proportion of time
engaged in different behavioural states (e.g.
resting, socializing, feeding, milling and travel-
ling). New analytical techniques are opening
this avenue of research and will afford more rig-
orous insights into the true biological signifi-
cance of responses observed (Lusseau, 2003).
This also means that a precautionary approach
should be applied to the management of ceta-
cean-watching activities until the real extent of
the problem is understood scientifically.

Relating the effects observed to their ener-
getic cost would allow the comparison of the
impacts of ecotourism on cetaceans as they
vary between focal species. Such comparisons
would allow the establishment of simple
management schemes on a population-specific
basis. This would also allow a more proactive
approach to the management of cetacean-
watching activities, by establishing operator

guidelines and operational quotas before the
development pressure of the industry reaches
levels that cannot be sustained.

The Diversity of Impacts: Complex
Issues of Sustainability

The whale-watching industry presents specific
challenges relating to sustainability. It has been
noted that the growth of whale-watching inter-
nationally has raised concerns for the impacts
of this activity upon the focal species
being viewed (Gordon et al., 1992). Questions
regarding the environmental sustainability of
whale-watching vary between specific whale-
watch contexts, and also vary with the scale of
the industry, and the form that this activity takes
(e.g. land- and marine-based viewing plat-
forms). Concerns for the biological significance
of tourist impacts upon whales have been dis-
cussed alongside the generally positive eco-
nomic impacts achieved, most notably, by the
communities where marine mammal-watching
takes place (Hoyt, 2001; Orams, 2002). The
socio-cultural impacts of whale-watching have
also been debated by academics. It has been
argued that whale-watching is a platform for
public environmental education (Hoyt, 2001),
which might foster values that conform with a
new environmental paradigm (Duffus and
Dearden, 1990; Orams, 1997). Whether or not
whale-watching does bring with it positive
implications for cetaceans, or nature conser-
vation generally, remains an open question
(Duffus and Dearden, 1990), although this point
is lauded as an important justification for devel-
opment of this form of tourism (Orams, 1997;
Higham and Carr, 2002). Bearing this in mind,
remarkably little research has been committed
to answering this question (Orams, 1995a,b).

Whales and dolphins are also the subject of
varied and conflicting cultural values. It may be
argued that the varied cultural values associated
with whales present a perplexing challenge to
sustainable tourism development. The domi-
nant Western environmental paradigm views
whales as intelligent creatures with sophisti-
cated communication systems. Symbolic repre-
sentations, which carry similar meanings and
associations for members of a society, are com-
monly associated with iconic species such as
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the large whales. Media representations of
whales are also the products of a cultural con-
text (Smestad, 1997). Significant divergence
from the dominant Western paradigm exists in
cultural values associated with whales. In
Norway the hunting of minke whales during an
annual 6-week season is viewed as an important
part of the fisheries industry and represents
a cornerstone of Norwegian coastal culture
(Henriksen, 2002).

In this case, the whale is a symbol of a
broad-ranging and diverse subsistence econ-
omy. It is also a symbol of the right to harvest
from a range of natural resources in a sustain-
able way. The harvesting of fish stocks, the gath-
ering of down, birds eggs and the hunting of
game, including game birds, within different
seasonal contexts, collectively form parts of this
coastal culture. The diversity of these resources
is seen as an effective safeguard against eco-
nomic and ecological fluctuation. The central-
ization of control over these resources has
become a critical issue to peripheral high-
latitude coastal communities, and the minke
whale hunt is seen to symbolize the complex
issues associated with political centralization
(Smedstad, 1997; Henriksen, 2002). Clearly,
the dominant Western view of whales is not
shared universally (Ris, 1993). The fact that the
International Whaling Committee (IWC) 1982
moratorium banning all commercial whale
hunting exempts aboriginal subsistence whal-
ing (including Greenland Inuit, and native peo-
ples in Alaska and Siberia, among others) based
on cultural grounds confirms this point
(Smestad, 1997).

Similarly, Orams (2002) notes that the
indigenous Maori living in the vicinity of
Kaikoura (New Zealand) have a long-standing
and important spiritual relationship with whales,
which are viewed as a taonga (treasure). The
Treaty of Waitangi (1840), which set out the rela-
tionship between indigenous Maori and the
European colonists, established the rights of
Maori to have rangatiratanga (control or sove-
reignty) and kaitiakitanga (guardianship) over
taonga. This right, including exclusive access to
whales in the Kaikoura area for commercial tour-
ism, was addressed by the High Court and Court
of Appeal in 1994 and 1995 (Orams, 2002). The
outcome of this case was one of support for
‘rights pertaining to economic development for

indigenous peoples [which] were becoming rec-
ognised and accepted in international jurispru-
dence’ (Orams, 2002, pp. 343–344).

Sustainable tourism development there-
fore requires recognition of and respect for tra-
ditional cultural values associated with whales.
Orams (2002, p. 343) notes that ‘one of the
more challenging aspects of ecotourism has
been the argument that this kind of tourism
development should be inclusive of, sensitive
to, and beneficial for indigenous peoples’. This
raises the possibility that cultural dimensions of
ecotourism may present situations that are rep-
rehensible or offensive to tourists. Hinch (1998)
observes that longstanding traditional cultural
practices may offend the sensitivities of pre-
dominantly Western ecotourists. The hunting,
slaughter and processing of traditional food
sources, including otter, beaver, seals, walrus
and whale, by indigenous Arctic communities,
many of which may be harnessing ecotourism
as an economic development option, demon-
strates this point (Hinch, 2001).

Potential for Resource Use Conflicts

It is apparent that differing cultural values asso-
ciated with marine mammals may be the basis
of challenging and complex resources-use
issues. For example, small dolphins, such as
bottlenose dolphins, are used both by whale-
watching activities and by drive fisheries in
Japan. In this case there exists a direct conflict
of interest because the drive fisheries (i.e. ves-
sels driving dolphins in shallow bays to slaugh-
ter them) directly consume the resource that
whale-watching activities rely upon. Indeed,
in the whale-watch community of Andenes
(Norway) there exist numerous licensed local
restaurants and cafés offering menus that
include whale meat (Henriksen, 2002). This
community is not unique in offering visitors the
seemingly contradictory experiences of whale-
watch tours and whale cuisine (albeit different
species being watched and hunted – sperm and
minke whales, respectively).

Many commercial marine mammal tour
operations take place in inshore waters, where
great potential exists for conflict with other
human activities. At one level these conflicts
may exist between tourism and non-tourism
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resource utilities, the latter including aquacul-
ture, marine transport and communications
and commercial fisheries. However, conflicts
may also arise between separate tourism and
recreational interests, such as private/
recreational boating and fishing interests,
scenic cruises and fishing charters. Conflicting
activities such as these may detrimentally affect
the satisfaction level of visitors engaging in
whale-watching. Similarly, incidental by-catch
of small cetaceans (e.g. Hector’s dolphins, har-
bour porpoises, Chilean dolphins and vaquitas)
in coastal set nets indirectly consumes the nat-
ural resources that whale-watching operators
utilize. In some extreme cases (e.g. Hector’s
dolphins in New Zealand) recreational fishing
can be involved in the destruction of these key
resources (Slooten et al., 2000). In other words,
the economic viability of the ecotourism sector
is undermined by activities that have no eco-
nomic contribution to the country. It is appar-
ent that exclusive access to the marine resource
by tourism operations is rarely the case. As such
multiple resource demands may pose the
potential for resource-use conflicts to exist, and
these need to be managed carefully (see case
study).

Management Responses

The management of whale-watching, most par-
ticularly in the case of inshore rather than
pelagic operations, is determined to a large
degree by the domestic legislative framework in
place. The legislative framework differs from
one national/regional context to the next (Davis
et al., 1997). Historically, the enactment of leg-
islation governing whale-watching has been
developed retrospectively, as the speed of
growth in the whale-watch sector has raced
ahead of the development of management
frameworks. Once in place, the legislative con-
text may also prove to be inadequate in practice
(see case study). The adequacy of legislation
may be determined by the status of the marine
environments within which tourism and marine
mammal encounters take place. Where
tourism–wildlife encounters take place in
marine protected areas, the capacity for conser-
vation agencies to oversee a sustainable marine
mammal-watching industry may be enhanced.

Licensing or permitting may also be oper-
ationalized under relevant conservation legis-
lation. Such a framework may allow the
implementation of guidelines to oversee the
sustainable use of a resource (Edington and
Edington, 1986). In these instances it is perhaps
necessary (but rarely the case) that guidelines
are developed on a species-specific basis. This
situation is also complicated where multiple
and conflicting resource uses coincide. It is
generally recognized that licensing of vessels
encountering marine mammals, rather than
operations that specialize in marine mammal-
watching, should take place (Davis et al.,
1997). The alternative is to risk the management
of specialized marine mammal-watching
operations, while others (e.g. scenic cruise
operators) remain outside the regulatory frame-
work. This situation is undesirable when both
types of operations interact with marine mam-
mal populations, providing visitor experiences
that, at least in tourism of animal encounters
and resource management, are identical.

The licensing or permit regime may dic-
tate various aspects of the marine mammal-
watching phenomenon, including numbers
of vessels, duration of encounters and the
manoeuvring of vessels. It is critical that aspects
of marine mammal tourism, such as the naviga-
tion of vessels (e.g. speed, direction and engine
speed/noise) and the management of visitor
behaviours (e.g. where swimming with dolphin
experiences are offered), are regulated through
the licensing and/or permitting process. The
economic context of the regulation process is
an important aspect of the management of
marine mammal-watching. Where regulatory
agencies are under-resourced to police the con-
duct of commercial operators, or pursue ave-
nues of legal enforcement, the management
framework may be regarded with impunity.

Even in cases where the regulatory manage-
ment framework is developed successfully and
implemented effectively, the need for further
management intervention may be necessary.
Where marine sanctuaries are in place, it may
also be desirable actively to manage the spatio-
ecological dimensions of marine mammal-
watching. It has been demonstrated that marine
mammal species may be prone to significant
impacts (as measured in terms of the energetic
budget of individuals within a population) in
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some behavioural states more so than others
(Lusseau, 2002b). Under these circumstances, it
is necessary to achieve rigorous insights into
where these behaviours are most likely to take
place, and to zone these areas appropriately in
order to afford members of the population ade-
quate protection when engaged in the most vul-
nerable behavioural states. This point indicates
that the financial context of this phenomenon
should extend to the funding of scientific
research and monitoring of focal marine mam-
mal species. The collection of longitudinal data
has been widely recognized as a critical element
of sustainable wildlife tourism (Higham, 1998).
In the absence of longitudinal data, a rigorous
scientific appreciation of dynamics within the
focal species, and the biological significance of
changes in all aspects of wildlife behaviour,
becomes an impossibility.

Managing Tourism Engagements with
Marine Mammals in Remote

Communities

Many remote communities situated in the
economic periphery have been transformed
economically by the development of whale-
watching. Kaikoura (New Zealand), Húsavík
(Iceland), Friday Harbour (Washington, USA)
and Hervey Bay (Australia) are examples that
demonstrate this point (Hoyt, 2001). Many
such communities are either located far from
the centralized (regional or national) managing
agencies, or they are communities that have a
history of strong interdependence, such as fish-
ing communities (Levine and Levine, 1987;
Smith and Hanna, 1993; Sawada and Minami,
1997). Members of remote communities are,
typically, fiercely independent and resist exter-
nal influences that may be perceived to com-
promise collective or individual values,
attitudes and identities.

People derive part of their self-worth and
esteem from the groups they belong to (Hogg
and Abrams, 1988). Shared community values
create a strong community identity that may be
quite distinct from that of the rest of the coun-
try/region they belonged to (Brewer and
Kramer, 1986). It is difficult to apply national
management schemes to industries that are
located within such communities where man-

agement plans may be viewed as an attempt to
overrule the decisions of the closed group (van
Vugt, 2002). There is a sense that because the
community is special and unique, in the eyes of
the people belonging to it, the rules that apply
to the management of its activities have to be
special and unique as well.

One way management agencies around
the globe have tried to mitigate this social issue
has been by decentralizing the management of
natural resources (Agrawal and Gibson, 1999;
Millich, 1999; Lal et al., 2001). However, gen-
erally, the laws on which this management is
based are still central. The local management
bodies are therefore often perceived by periph-
eral communities as minions of the central
government, and are therefore discredited. The
alienation of management agencies and tour-
ism operators has emerged as a significant bar-
rier to effective management in many marine
mammal tourism contexts.

Case Study: Doubtful Sound, New
Zealand

Managing dolphin-watching in a diverse
marine-based tourism sector

Doubtful Sound is the second largest of the 14
fjords that compose the Fiordland region in
south-western South Island, New Zealand (Fig.
10.3). It is home to a small resident population
of bottlenose dolphins (Tursiops spp.) that
rarely leaves the fjord for more than a few
hours (Williams et al., 1993; Schneider, 1999;
Lusseau et al., 2002). Scenic cruises that oper-
ate on this fjord rely significantly on bottlenose
dolphins as a key natural resource (Lusseau,
2002a). No Doubtful Sound visitation data cur-
rently exists. Researcher estimates indicate that
visitor numbers in the high and low seasons
range between 400 and 500 people/day, and
150 and 180 people/day, respectively. This
estimate would indicate annual visitor num-
bers to Doubtful Sound in the vicinity of
75,000–95,000 people. Such figures reflect the
presence of new, and expansion of existing,
commercial tourism businesses in Doubtful
Sound. The tourism pressure in Doubtful Sound
has increased dramatically over the past 2 years
(Lusseau, 2002a) and is planned to increase fur-
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ther in the near future. This expansion and
intensification of anthropogenic pressure on
Doubtful Sound, and consequently on the bot-
tlenose dolphin population, has heightened the
need for management responses aimed at
impact mitigation.

In this case, as in many others, marine
mammal operations are only one aspect of the
marine-based tourism industry at the location

(Lusseau, 2002a). In New Zealand all tourism
companies fall under one piece of national leg-
islation, the Resource Management Act (RMA),
1991 (New Zealand Government, 1991), which
is administered by local regional councils. In
addition, whale-watching activities are man-
aged under the Marine Mammal Protection
Act (MMPA), 1978 (New Zealand Government,
1978) and the Marine Mammal Protection
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Regulations (MMPR), 1992 (New Zealand Gov-
ernment, 1992). These laws fall under the juris-
diction of the Department of Conservation, a
national governmental department, and are
managed by the regional conservancy offices of
this governmental agency. Marine mammal tour
operators aside, the sound is also plied by fish-
ing charter, scenic cruise and adventure oper-
ators (plus, increasingly, private boat owners).
None of these companies/private groups are
dedicated dolphin watchers, yet dolphins are a
key resource in this location and are encoun-
tered daily by the scenic cruises (Lusseau,
2002b). Under these circumstances, visitors
may partake in a scenic cruise, because it is
cheaper than marine mammal-watching tours,
in anticipation of the equal probability of
engaging in dolphin encounters. Despite the
expanding and diversifying tourism and recrea-
tion interests in the region (many of which
engage with the resident population of bottle-
nose dolphins on a regular, perhaps daily occur-
rence), only those operators that specialize in
marine mammal-watching are subject to man-
agement under the RMA, MMPA and MMPR.
The exceptions, which represent the majority of
tour operations (permitted marine mammal tour
operators being the exception), spend a signifi-
cant amount of time with dolphins (Lusseau,
2002), yet are managed only under the RMA.

Because of the remoteness of the area, it is
difficult and expensive to carry out policing
activities. Moreover, the MMPR do not prevent
non-permitted vessels from interacting with
marine mammals if they happened to encoun-
ter them. Therefore the prosecution of non-per-
mitted operators can only take place where
intentional interactions with dolphin schools
can be demonstrated. This legal impracticality
effectively undermines marine mammal pro-
tection legislation, a situation that understand-
ably fosters tension between permitted and
non-permitted tour operators. The former natu-
rally argue that there is no benefit in holding a
permit because other operators can freely
access the same target resource. Moreover,
there are considerable commercial disadvan-
tages associated with holding a permit, because
it ties operators to national responsibilities and
an extra level of management. Thus, the opera-
tions of non-permitted companies can be freely
expanded (that is, increase the number of trips

per day and the number of boats the company
operates) under the regional management plan,
while permit owners cannot do so because of
the national guidelines under the MMPR.

In Doubtful Sound misinterpretation or
neglect of the guidelines provided in the
MMPR on how to interact with dolphins has
led to unparalleled levels of MMPR violations
(Lusseau, 2002a). Conservative attitudes to-
wards boat navigation, interactions with dol-
phins and legislated regulations have proved a
major barrier to effective management. The
imposition of guidelines by centralized man-
agement authorities without adequate consul-
tation, dialogue or explanation of the rationale
behind guidelines, regulations and restrictions
would appear to explain a large part of the
problem.

Management intervention: a multi-level
marine sanctuary

Recent studies show that interactions with ves-
sels in Doubtful Sound disrupt the behaviours,
and therefore threaten to unbalance the energy
budget, of the dolphin population (Lusseau,
2003). Lusseau (2002) demonstrates that the
presence of vessels typically causes dolphins
to discontinue resting and socializing behavi-
ours and, in most cases, to begin travelling.
Such behaviour changes have significant
implications for the energetic budget of the
population. This suggests that management
interventions should seek to minimize or pre-
vent boat interactions when dolphins are
socializing and, most particularly, when dol-
phins are resting (Lusseau, 2003). It has also
been demonstrated that the critical behaviours
take place predominantly in specific locations
within the range of the population (Lusseau,
2003). In this particular case, the creation of a
multi-level marine mammal sanctuary in
Doubtful Sound emerges as a logical manage-
ment response (Lusseau et al., 2002). The
MMPA overrides regional management in
cases where a marine mammal species is at
risk (New Zealand Government, 1978). This
may result in the creation of marine mammal
sanctuaries to protect the populations at risk.
The establishment of sanctuaries is a flexible
tool that affords the involvement of commu-
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nities and interested groups at various stages of
the management process.

The designation of a multi-level sanctuary
allows differentiated management zones to
exist at a minimum of three levels:

1. Zones that are accessible to all commercial
tour operators and private boat users.
2. Zones that are accessible only to permit
holders and scientific researchers.
3. Zones that are excluded from any access.

In the Doubtful Sound context, such a sanctu-
ary would close to boat access all zones that
are predominantly used to rest, and most zones
that are predominantly used to socialize (Fig.
10.4). In addition, it would establish secondary
zones that only permitted marine mammal tour
operators and permitted scientific researchers
could utilize. These zones would be in loca-
tions where the highest probability of dolphin
encounters exists. It would also include areas
where some socializing behaviour is likely to
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be observed. It is necessary that any restrictions
in access do not undermine the economic
viability of other tour companies (e.g. scenic
cruise operators). In the Doubtful Sound case
the primary (no access) and secondary (permit
holder access only) management zones would
collectively represent less than 15% of the total
area of the fjord (Fig. 10.3) (Lusseau, 2002a).
Zoning takes into consideration the use of
Doubtful Sound by tour operators. The zoning
process requires that a set of rules, designed to
provide guidance to the zoning system, is
established in consultation with stakeholders,
including tour operators (Table 10.1).

This management option restores the bene-
fits of holding a dolphin-watching permit. It
limits the number of vessels likely to interact
with dolphins, and minimizes the likelihood of
non-permitted vessels interacting with dolphins.
It also minimizes the impact of interactions
because locations where sensitive behaviours
(resting and socializing) are most likely to take

place are closed to boats. The creation of a sanc-
tuary also clarifies the process of policing regu-
lations. ‘Intent’ would no longer have to be
demonstrated. Moreover, it would diminish ten-
sions between permitted and non-permitted
operators. As the zoning process involves input
from the local community into the management
process, the community is more likely to value,
understand and respect the resultant manage-
ment guidelines. Finally, the creation of a sanc-
tuary may, in the long-term, increase the intrinsic
economic value of the area and its attractiveness,
by increasing its wilderness value (Davis and
Tisdell, 1996; Higham et al., 2001; Sloan, 2002),
providing a long-term benefit for the tour opera-
tors and the local community.

This approach is easy to implement and
police because it minimizes the number of reg-
ulations and guidelines and manages the indus-
try under one piece of legislation. It provides a
sustainable solution for tourism engagement
with marine mammals because it incorporates
environmental, economic and social needs.
Such a framework could be applied easily to
other locations where dolphins and whales are
utilized by different sectors of the tourism
industry to different degrees.

Current research confirms that the guide-
lines of the MMPR, if respected, minimize the
impact of boat interactions with dolphins in
Doubtful Sound (Lusseau et al., 2002). Clear
explanation of the rationale behind the guide-
lines (such as maintaining slow speed within
300m of a school of dolphins) resulted in sig-
nificant improvements in the interactions of
vessels and dolphins observed in Doubtful
Sound (Lusseau et al., 2002). In this case, open
dialogue between the management agency
(Department of Conservation regional office)
and the tour operators, perhaps in the form of a
road show, public lectures, seminar presenta-
tions and/or research updates during meetings,
clearly increases respect for, and compliance
with, regulations. Independent research is crit-
ical to the effectiveness of this approach. The
host community often considers researchers as
‘part-time’, or honorary members of the com-
munity because they spend a significant
amount of time in the location. Moreover,
because of their independent status, they are
not perceived to be imposing a national man-
agement agenda upon the community. Resear-
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Table 10.1. Guidelines for the delineation and
management of critical habitats.

Rule 1: all critical resting regions need to be
allocated a no-boat zone status
Rule 2: most critical socializing regions need to be
allocated a no-boat zone status
Rule 3: the boundaries of protected areas need to
be at least 400 m away from most resting and
socializing sightings in a region and, at best, 1 km
away, because dolphins were observed reacting
to the presence of vessels at these distances
(Lusseau, 2003)
Rule 4: the restriction to access other natural
resources (penguin-nesting sites, seal colony,
significant scenery and historic sites) must be
minimal
Rule 5: the restriction to access safe anchorage
locations and safe navigation routes must be
minimal
Rule 6: tour operators that possess watching
permits, and researchers, must be able to access
more locations where dolphins are likely to be
seen than other operators
Rule 7: tour operators that possess watching
permits, and researchers, must be able to access
some locations where some socializing can be
observed, to match the expectation of their
tourists (and meet study requirements in the case
of researchers)

BUCKLEY MAKE-UP  23/6/04  10:32 AM  Page 182



chers can therefore act as an effective link
between regional management bodies, the
community, and the tourism industry, given
their often advantageous position achieved
through the ‘give-and-take’ paradigm of social
identity (van Vugt, 2002). This scenario has
been demonstrated in the case of dolphin-
watch management in the Bay of Islands (New
Zealand) (Constantine, 1999).

Conclusions

The proliferation and diversification of marine
mammal tour operations presents significant
challenges relating to sustainable development.
The ecological impacts of anthropogenic
change emerge as a critical issue in this field.
These may include pod tightening, increases in
dive intervals and increases in travelling speed.
These signs of avoidance can be a result of the
presence of boats or, more particularly, erratic
and changeable boat speed, noise and manoeu-
vring. The presence and density of boats and the
distance between boats and individuals can also
affect the frequency or occurrence of behavi-
ours. Additionally, the behavioural state of ceta-
cean groups interacting with tourist vessels can
be affected and changed. Typically this results in
a decrease in resting, which seems to be the
most sensitive behavioural state to boat interac-
tions (Würsig, 1996; Lusseau, 2003). The pres-
ence of vessels also influences vocalizations,
with implications for communication, group
cohesion, the location of prey and navigation
(Popper, 1980; Janik and Slater, 1998). Human
engagements with marine mammals may also
result in injury to the latter due to collisions.

The complexity of the marine mammal
tourism context, like other forms of wildlife tour-
ism management, requires carefully designed
and site/species-specific management interven-
tions, drawing on a suite of management tech-
niques. Few management techniques appear to
be adequate when implemented in isolation.
The legislative framework, including the desig-
nation of marine protected areas and multi-level
sanctuaries within protected areas, is a critical
requirement (Davis et al., 1997). A permitting
framework that is comprehensive (rather than
selective) in coverage, reasonable and enforce-
able is important. Such a framework must be

responsive to a dynamic tourism context in
which management deficiencies may emerge
over time. So, too, is a commitment on the part
of commercial operators and management
agencies to an ongoing monitoring research
programme. Management agencies face the
challenge of achieving effective management
within socio-cultural, economic and political
contexts that are, in many cases, complex. The
geographically remote, economically periph-
eral and politically conservative nature of many
whale-watch communities (e.g. Lofoten and
Andamen, Norway) may present resistance to
politically centralized management and regula-
tory structures that can paralyse the best
intended management interventions. These
agencies must also be responsive to research
findings and efficient in their adoption of man-
agement recommendations, based on rigorous
scientific research (Davis et al., 1997; Higham,
1998). It is questionable whether at present any
marine mammal tourism contexts meet all of
these management criteria adequately.
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Introduction

Birds are a major feature of many ecotourism
marketing materials. Bird logos, bird photo-
graphs, bird diversity, bird-viewing opportu-
nities and bird checklists are commonplace in
ecotour brochures, websites and trip or lodge
documents. Birdwatching is a large and grow-
ing specialist sector of the ecotourism industry
(Jones and Buckley, 2000), and provides much
of the customer base for manufacturers of high-
end binoculars.

All forms and aspects of ecotourism have
some impacts on birds, both resident and
migratory species, but these impacts differ
enormously in size, scale and significance. In
many cases the impacts of ecotourism on birds
may not be apparent to the ecotourists, or tour
operators themselves. There are also examples,
however, where impacts on spectacular bird
populations have reduced the attractiveness of
entire tourist destinations. Perhaps best known
of these are the flamingoes of the Camargue,
France (Feltwell, 1996).

This chapter reviews published scientific
literature on such impacts in an attempt to iden-
tify any general patterns and to illustrate the
degree of variation. It draws on two previous
reviews (Hockin et al., 1992; Liddle, 1997) as
well as more recent and additional literature. In
particular, it relies on these authors for citations
to studies published in European languages
other than English.

Little of this literature refers specifically to
ecotourism, but rather to various forms of out-
door recreation and related human activities.
Some boundaries must therefore be drawn to
define what is considered as ecotourism for the
purposes of this review. Such definition is not
always straightforward (Buckley, 1994, 2001,
2003a, pp. 223–235). This review includes
impacts from vehicles, boats and small-scale
infrastructure, since many ecotourism products
make use of these. Larger-scale high-impact
tourism developments and activities, however,
are not included. Thus, for example, golf
courses can have major impacts on birds
through ingestion of pesticides, sometimes
leading to large-scale mortality (Cox, 1991;
Kendall et al., 1992; Rainwater et al., 1995).
Similarly, ski resorts have impacts through hab-
itat clearance, obstructed visibility, noise and
lights, and elevated cables. In France, for exam-
ple, there are many instances where black
grouse have been killed through collisions with
cables at ski resorts (Miquet, 1990).

Hunting and shooting is also excluded. In
some instances, hunting reserves may poten-
tially contribute to conservation if they prevent
clearance of land for agriculture. Even in
reserves set aside for gamebird shooting, how-
ever, only the relatively common target game-
bird species are conserved. Other bird species,
which may prey on or compete with the game-
birds, are commonly killed by managers or
gamekeepers. Golden eagles on grouse moors
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in the UK, for example, are routinely shot by
gamekeepers (Watson et al., 1989). Shooting is
a major cause of mortality for target species
such as migratory duck. Besides birds bagged
as game, other individuals may die by ingesting
lead shot. In addition, both target and non-
target species are repeatedly disturbed from
feeding in areas where hunting occurs. This
increases mortality and decreases reproductive
success, especially for migratory species
(Béchet et al., 2003).

In developing nations particularly, tourism
may be associated with illegal trade in endan-
gered species and a consequent increase in
poaching, as recorded for green peafowl in Asia
(van Balen et al., 1995). Even in developed
nations, illegal collection of birds and eggs is
widespread, largely for international trade in
rare species. On Cat Island in Victoria, Austra-
lia, however, fisherman have been recorded
taking little penguins as bait (Harris and
Norman, 1981). Clearly, this is not ecotourism.

In other cases, however, the distinction is
not so clear-cut. Tourists in off-highway vehi-
cles may behave as ecotourists, or they may not
(Buckley, Chapter 6, this volume). Sailboats,
yachts and canoes may be used for ecotourism
or purely for adventure-based outdoor recrea-
tion. Small-scale angling for food may be
treated as part of an ecotourism experience in
some parts of the world, such as sea kayak
expeditions in the Arctic or river float trips in
Russia. Elsewhere, angling is an afternoon or
weekend pastime for urban residents with no
particular interest in the environment except as
a source of fish and bait. Similar considerations
apply for horse-riding. Many people who
would consider themselves ecotourists own
dogs, but hikers with dogs commonly produce
much higher impacts on birds and other wild-
life than hikers without dogs. Most protected
area agencies and ecotours oppose the deliber-
ate feeding of birds for or by tourists, but many
individual people and some well-known eco-
lodges do routinely feed birds. Possible conse-
quences, both for the species fed and their
predators, prey and competitors, remain largely
unknown.

As far as possible, therefore, this review
attempts to include all outdoor recreation activ-
ities and associated human disturbances which
are incorporated into ecotourism products, at

least in some parts of the world. The responses
of birds to human disturbance have been
known to bird hunters and egg collectors from
time immemorial, whether the muttonbird col-
lectors on the islands of the Bass Strait,
Australia, or hunters in search of bird-of-
paradise feathers in New Guinea. The first
documented record of impacts associated spe-
cifically with recreation, however, appears to
be that of Schick (1890), who noted that the
number of osprey along a beach in New Jersey,
USA, declined from 100 to 25 pairs as wood-
lands were cleared for beach cottages. Since
that date there have been over 300 published
records of recreation impacts on birds, albeit
with a strong focus on certain species and geo-
graphic areas.

But are these disturbances ecologically
significant for the species concerned? Recrea-
tional hunting was apparently a major factor
in the extinction of the passenger pigeon
(Schorger, 1973). While, clearly, this did not
qualify as ecotourism, there are several more
recent examples where particular bird species
are threatened by forms of outdoor recreation
that could indeed fall within the broader defi-
nition of ecotourism as propounded by tourism
promotion agencies (Buckley, 1994; Weaver,
2000). Over 90% of the remaining population
of Heerman’s gull, for example, nests on a
single island in the Gulf of California, and rec-
reational disturbance has reduced the number
of offspring per adult by 75%, from 0.18 per
year to 0.045 (Palacios and Mellink, 1996).
Over 75% of the North American population of
canvasback duck use Lake Onalaska in the
upper Mississippi River as a staging area during
migration, and recreational boats frequently
disturb large flocks which circle for up to an
hour before alighting again to feed (Korschgen
et al., 1985). Given that the energetic balance
of migratory waterfowl is commonly very tight
(Tucker, 1971), this extra energy expenditure
and loss of feeding time increases mortality
during migration. On a more local scale, the
impacts of recreational off-road driving have
caused complete failure of individual breeding
colonies of least terns in the Gulf of California
(Palacios and Mellink, 1996). Visiting tourists
have also caused complete failure of breeding
colonies of least terns in South Carolina (Gaddy
and Kohlsaat, 1987), king shag in Argentina
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(Kury and Gochfeld, 1975) and brown pelicans
in the Gulf of California (Anderson and Keith,
1980). Perhaps most significant of all, tourists to
particularly isolated areas, such as Antarctica,
may bring diseases that could decimate previ-
ously thriving colonies of resident birds, pen-
guins in this instance (Anderson, 1998).

The impacts of ecotourism on birds may be
classified by various criteria, including: the
source of impact or type of activity; the mech-
anism or severity of impact; or the bird species
or family involved (Liddle, 1997; Buckley,
2003b). Since this volume focuses on the
impacts and management of ecotourism, rather
than the life histories and ecology of birds, the
primary division in this chapter is between
fixed-site activities which modify bird habitat,
and mobile activities which affect individual
birds. Since impacts on breeding success are of
particular significance for the survival of bird
populations, these are distinguished from dis-
turbance to non-breeding birds. These catego-
ries are not clear-cut. At what point, for
example, does a mobile disturbance which is
repeated frequently and routinely in the same
place, effectively become a habitat modifica-
tion? Likewise, disturbances to non-breeding
birds may later affect their reproductive suc-
cess. Commonly, however, birds respond dif-
ferently when breeding, so the distinction is
useful.

Table 11.1 lists the English and scientific
names of birds mentioned in this chapter.

Modification to Bird Habitats

Ecotourism activities can modify avian habitats
in many ways. Some of the more common
include:

• clearance or more open vegetation at
lodges, campgrounds, trails;

• reduced visibility from lodges, wind-
breaks, etc.;

• lights at night from lodges, vehicles, boats;
• continual noise from lodges, vehicles,

boats, etc.;
• more or fewer nesting, roosting or perch-

ing points;
• removal of nest sites through firewood col-

lection and tentsite clearance;

• more or less open water, e.g. from water-
supply or recreational dams;

• changes to aquatic vegetation on lakes and
riverbanks;

• changes to plant cover from changed fire
regimes;

• changes to vegetation through inadvertent
introduction of weeds or diseases;

• increased predator access along roads and
tracks;

• increased food supplies from scraps at
lodges and campgrounds;

• increased food supplies from planting of
native fruit- or nectar-bearing trees;

• reduced food supplies from erosion of soil
and plant litter;

• reduced food supplies from compaction of
marshes or shores;

• reduced food supplies from loss of water-
weeds and streambank vegetation;

• reduced food supplies through collection
of bait, etc.;

• changed food supplies for insect-eating
birds where insect fauna is modified by
vegetation change or clearance.

Construction of cottages on lakeshores, for
example, reduces the local populations of birds
such as osprey (Schick, 1890) and loon
(Lehtonen, 1970; Vermeer, 1973; Bundy, 1979;
Andersson et al., 1980; Heimberger et al.,
1983). Birds flying at night are disorientated by
artificial lights and may collide with buildings
or other structures (Imber, 1975; Verheijen,
1980, 1981; Elkins, 1983; Mead, 1983; Reed et
al., 1985; Telfer et al., 1987). Pink-footed geese
in Denmark avoid areas with obstructed visibil-
ity where they may be unable to see predators
approaching (Madsen, 1985).

Forest-edge bird species, including preda-
tors and brood parasites such as blue jay and
brown-headed cowbird, use recreational tracks
and trails to enter forest-core areas in reserves in
Illinois, USA (Hickman, 1990). Eggs in nests near
recreational trails along lowland streams in the
Colorado Front Range suffered 95% predation
rate (Miller and Hobbs, 2000). Forest-edge spe-
cies increase in relative density near camp-
grounds in lodgepole pine forest at 2600m
elevation in Yosemite National Park, and forest-
core species decrease (Garton et al., 1977).
Scavenger species increase in density near
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albatross, northern royal Diomedea sanfordi
albatross, waved Diomedea irrorata
auklet, least Aethia pusilla
bittern, yellow Ixobrychus sinensis
booby, blue-footed Sula nebouxii
booby, brown Sula leucogaster
booby, masked Sula dactylagra
booby, red-footed Sula sula
bunting, Lazuli Passerina amoena
buzzard, common Buteo buteo
caracara, crested Polyborus plancus
cassowary, southern Casuarius casuarius

johnsonii
chickadee, Carolina Parus carolensis
chickadee, mountain Parus gambeli
cormorant, Phalacrocorax auritus

doublecrested
cormorant, great Phalacrocorax carbo
cowbird, brownheaded Molothrus ater
crane, greater sandhill Grus canadensis tabida
curlew, common Numenius arquatus
dabchick, New Zealand Poliocephalus

rufopectus
diver, blackthroated Gavia arctica
dotterel, Eurasian Charadrius morinellus
dotterel, northern New Charadrius obscurus

Zealand aquilonius
dotterel, tawny-throated Charadrius ruficollis
duck, black Anas rubripes
duck, canvasback Aythya valisneria
duck, velvet scoter Melanitta fusca
duck, wood Aix sponsa
eagle, bald Haliaeetus

leucocephalus
eagle, Spanish imperial Aquila adalberti
eider, common Somateria mollissima
falcon, peregrine Falco peregrinus
flamingo, American Phoenicopterus ruber

ruber
frigatebird, magnificent Fregata magnificens
fulmar, northern Fulmarus glacialis
gallinule, purple Porphyrio porphyrio
goldeneye, common Bucephala clangula
goldfinch, American Carduelis tristis
goose, brant Branta bernicla
goose, Canada Branta canadensis
goose, pink-footed Anser brachyrhynchus
goose, white-fronted Anser albifrons
grebe, great crested Podiceps cristatus
grebe, little Podiceps ruficollis
grouse, black Tetrao tetrix
guillemot, black Cepphus grylle
gull, dolphin Leucophaeus scoresbii
gull, glaucous-winged Larus glaucescens
gull, greater blackbacked Larus marinus

gull, Heerman’s Larus heermanni
gull, herring Larus argentatus
gull, ring-billed Larus delawarensis
gull, western Larus occidentalis
gull, yellowfooted Larus livens
hawk, red-tailed Buteo jamaicensis 
heron, great blue Ardea herodias
heron, little blue Egretta caerulea
heron, Louisiana Egretta tricolor
hobby Falco subbuteo
ibis, glossy Plegadis falcinellus
jay, blue Cyanocitta cristata 
jay, Steller’s Cyanocitta stelleri
kestrel Falco tinnunculus
kingbird, eastern Tyrannus tyrannus
kite, red Milvus milvus
lapwing, common Vanellus vanellus
loon, common Gavia immer
magpie, blackbilled Pica pica
mallard Anas platyrhynchos
merlin Falco columbarius
moorhen, common Gallinula chloropus
night heron, black- Nycticorax nycticorax

crowned
noddy, white-capped Anous minutus
osprey Pandion haliaetus
owl, long-eared Asio otus
owl, tawny Strix aluco
oystercatcher, Eurasian Haematopus ostralegus
peafowl, green Pavo muticus
pelican, brown Pelecanus occidentalis

californicus
pelican, white Pelecanus

erythrorhynchus
penguin, Adelie Pygoscelis adeliae
penguin, emperor Aptenodytes forsteri
penguin, gentoo Pygoscelis papua
penguin, jackass Spheniscus demersus
penguin, little Eudyptula minor
penguin, Magellanic Spheniscus

magellanicus
penguin, rockhopper Eudyptes chrysocome
penguin, royal Eudyptes schegeli
plover, golden Pluvialis apricaria
plover, hooded Charadrius ruficollis
plover, Kentish Charadrius

alexandrinus
plover, little ringed Charadrius dubius
plover, piping Charadrius melodus
plover, ringed Charadrius hiaticula
puffin, Atlantic Fratercula arctica
puffin, tufted Fratercula cirrhata
rail, sora Porzana carolina
redshank, common Tringa totanus
robin, American Turdus migratorius

Table 11.1. Index of English and scientific names.
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Table 11.1. Continued

campgrounds in Scotland (Watson, 1976).
Seven tree-nesting scavenger species increase in
abundance around campgrounds by two rivers
in Utah, USA, whereas seven ground-nesting
bird species decrease in abundance (Blakesley
and Reese, 1988). Areas near campgrounds are
abandoned completely by rarer bird species in
Coconino National Forest, Arizona, USA
(Aitchison, 1977). In The Netherlands, the den-
sity of 8 out of 13 woodland bird species
decreases in areas with heavier recreational use
(van der Zande et al., 1980, 1984); and the
number of birds nesting in hedges near lakes
decreases where more people walk along the
lakeshore (van der Zande and van derVos, 1984).

Disturbance to Adult Birds

Activities

Disturbance to adult birds has been recorded
for a wide variety of recreational activities and
a wide variety of species. Some activities,
responses and taxa have been studied much
more intensively than others. Activities causing
disturbance include:

• hikers, walkers and joggers, on- or off-trail;
• anglers on foot or wading, bait collectors;
• people with riding animals, packstock or

pets;
• off-road vehicles of various types, from

mountain bikes to all-terrain vehicles
(ATVs);

• watercraft, including canoes, rafts, row-
boats, sailboats, sailboards, motorized
canoes, jet skis or personal water craft
(PWCs), and powerboats;

• light aircraft and helicopters.

The effects of disturbances from any of
these activities may depend on a wide variety
of characteristics, such as speed, sudden move-
ments, colour, noise, height (for aircraft),
season, time of day, frequency, and combina-
tion with other activities. These factors together
constitute a disturbance regime.

The impacts of people on foot, including
anglers and bait collectors, have been recorded
for a wide variety of birds, including: bitterns,
boobies, cormorants, curlews, dotterels, ducks,
gallinules, geese, grebes, gulls, eagles, egrets,
flamingoes, frigatebirds, herons, ibis, oyster-
catchers, pelicans, penguins, plovers, rails,
sandpipers, storks, terns, tropicbirds and vari-
ous songbirds (Grier, 1969; Hume, 1972;
Cooke, 1975; Werschkul et al., 1976; Batten,
1977; Stalmaster and Newman, 1978; Jungius
and Hirsch, 1979; Burger, 1981, 1986, 1988,
1994; de Roos 1981; Tuite et al., 1983, 1984;
van der Zande and van der Vos, 1984; Bell and
Austin, 1985; Hubner and Putzner, 1985;
Owens et al., 1986; Paruk 1987; van den
Heiligenberg, 1987; Cryer et al., 1987; Hobson
et al., 1989; Yalden and Yalden, 1990; Buehler
et al., 1991; Yalden, 1992; Holmes et al., 1993;
Pierce et al., 1993; Rodgers and Smith, 1995;
Burger and Gochfeld, 1998; Fitzpatrick and
Bouchez, 1998; Giese, 1998; Giese et al.,
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sandpiper, common Actitis hypoleucos
sandpiper, semipalmated Calidris pusilla
shag, king Phalacrocorax

albiventer
shelduck, common Tadorna tadorna
shelduck, ruddy Tadorna ferruginea
skimmer, black Rynchops niger
snowgoose, greater Chen caerulescens

atlantica
sparrowhawk Accipiter nisus
stork, openbill Anastomus oscitans
stork, wood Mycteria americana
swallow, sand martin Riparia riparia
swan, Bewick’s Cygnus columbianus

teal, cotton Nettapus
coromandelianus

tern, common Sterna hirundo
tern, least Sterna antillarum
tern, roseate Sterna dougallii
tern, sooty Sterna fuscata
thrush, hermit Catharus guttatus
titmouse, tufted Parus bicolor
tree duck, lesser Dendrocygna javanica
tropicbird, redbilled Phaethon aethereus
warbler, Townsend’s Dendroica townsendi
warbler, willow Phylloscopus trochitus
wren, canyon Catherpes mexicanus
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1999; Shepherd and Boates, 1999; Mori et al.,
2001; Verhulst et al., 2001). Most of these
records are for people walking along shorelines
and other open areas. There are rather few
studies of hikers in montane, forest and wood-
land ecosystems.

Off-road vehicle (ORV) disturbance of
feeding birds has been recorded especially on
beaches and shorelines (Blodget, 1978; Pfister
et al., 1992; Watson et al., 1996; Fisher et al.,
1998), but also in deserts and marshes (Berry,
1980). Ecological thresholds for noise and
visual disturbance can be quite low. Areas in
Denmark visited only by a single car every few
days, for example, are abandoned completely
by pink-footed geese (Madsen, 1985). ATVs
provide the main threat to least terns on
beaches in the Gulf of California, for example
(Palacios and Mellink, 1996), and have led to
the complete failure of tern colonies. ORVs also
kill oystercatchers, terns and plovers in the
beaches of the Alexandria Dunefield at Algoa
Bay in South Africa (Watson et al., 1996).
Vehicle collisions are also a significant source
of mortality for cassowaries in the tropical rain-
forest of north-east Queensland (Crome and
Moore, 1990). Off-highway vehicles travelling
at speed on unpaved roads may kill birds in a
wide variety of ecosystems, as indicated by
roadkill in arid and savanna landscapes in
Australia, south-western USA and sub-Saharan
Africa (Buckley, Chapter 6, this volume).

Disturbance to waterbirds, shorebirds and
shore-nesting birds of prey has been recorded
for a wide variety of boats, bird species and
ecosystems. The impacts of recreational sailing
on ducks, geese, coots and swans in Europe
have been studied with particular intensity
(Hume, 1972; Cooke, 1975; Batten, 1977;
Tuite, et al., 1983, 1984; Bell and Austin, 1985;
Pfluger and Ingold, 1988; Peltzer, 1989; Keller,
1991; Madsen, 1998). Ducks, geese and swans
will move into shallow areas at lake edges,
away from deep water used by sailboats.
However, on lakes and reservoirs where the
shorelines are also used by anglers, the birds
leave the area entirely. Species such as loon,
eider and greater crested grebe in the cool tem-
perate lakes of Canada and Scandinavia are dis-
turbed by recreational canoes and other boats,
especially if the boaters land on the islands
(Titus and van Druff, 1981; Keller, 1989, 1991).

Often they completely avoid lakes used by rec-
reational boaters. Similar responses are
reported for cormorants in The Netherlands
(Lok and Bakker, 1988). Canoes also disturb
bald eagles in the Nooksack River of Washing-
ton State, USA (Knight, 1984), and ruddy shel-
duck on rivers in Nepal (Hulbert, 1990). In the
latter case, however, the birds suffered rela-
tively little disturbance from canoes paddling
downriver midstream, and considerably more
from canoes being dragged back upstream
along the riverbank. Pedestrians onshore also
caused more disturbance than boats offshore to
eiders in Scotland (Keller, 1991), and the same
applied for 15 species of waterbirds in Florida
(Rodgers and Smith, 1995), and for seabirds on
islands in the Gulf of California (Tershy et al.,
1997). On the coastal beaches of the north-
western USA, boats are one source of distur-
bance for a number of terns and other shoreline
species (Burger et al., 1982, 1995; Burger,
1995, 1998, 2000).

Where comparisons have been made,
motorized watercraft commonly produce more
severe impacts than non-motorized craft. This
applies even for motorized as compared to
non-motorized canoes (Titus and van Druff,
1981), but particularly for faster power-boats
(Hume, 1972) and especially for jet skis
(Burger, 1998; Burger and Leonard, 2000).
Impacts on birds have even been recorded for
model power-boats used for recreation on a
small lake (Bamford et al., 1990). Noise, speed
and suddenness all seem to be factors. Airboats
in Wisconsin, USA also cause severe distur-
bance to Canadian geese (Bartelt, 1987). In this
case there is also a secondary impact: distur-
bance by recreational airboats breaks up family
groups of the geese, which are then more sus-
ceptible to hunters.

Responses of birds to aircraft range from
panic to complete habituation. At some airports
and airstrips, birds using nearby marshes or
other vegetation pose a hazard to aircraft. Least
terns have been recorded nesting next to military
jetpads (Altman and Grano, 1984). Red-tailed
hawks have also been reported nesting under
low-altitude helicopter routes in Colorado, USA
(Anderson et al., 1989). Cliff-nesting seabirds
may also remain on their nests when aircraft pass
overhead (Dunnet, 1977). More commonly,
however, aircraft provoke alarm responses
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(Owens, 1977; Burger, 1981; Hockin et al.,
1992). Greater snowgeese, for example, are
driven completely away from feeding areas with
two or more aircraft overflights per day (Bélanger
and Bedard, 1989). Smaller aircraft at low alti-
tude generally cause more severe disturbance
than, for example, commercial passenger air-
craft at high altitude, as reported for brent geese
by Owens (1977). Aircraft disturbance is
recorded for a range of seabird species (Dunnet,
1977; Burger, 1981; Brown, 1990), ducks and
geese (Harms et al., 1997; Conomy et al., 1998;
Ward et al., 1999), and eagles (Watson, 1993).
As with other forms of disturbance, even similar
or related bird species may respond differently.
Conomy et al. (1998), for example, found that
black duck can become habituated to military
aircraft, but that wood duck do not. Severe dis-
turbances by helicopter overflights have been
recorded for various species, including Pacific
black brant geese (Miller, 1994) and emperor
penguins (Giese and Riddle, 1999).

Responses

Responses of adult birds to disturbance by
human recreational activities can usefully be
considered along a continuum, as follows:

• avoid disturbed areas completely;
• leave area when disturbed and do not

return;
• leave area temporarily, return later on

same or subsequent day;
• leave feeding, perching or roosting site

within area;
• evade disturbance by local movement

within area;
• alarm behaviour such as alarm calls or

running to and fro;
• alert responses, including physiological

changes.

Any of these may be ecologically significant for
the population of the species concerned.
Temporary interruption of feeding, for example,
or increased metabolic rate associated with an
alert response, may affect the energetic balance
of migratory or overwintering birds, so that they
may not complete their migration, survive till
spring, or produce a new brood of offspring.

A considerable proportion of past research
has focused on so-called flushing behaviour:
i.e. birds escaping from human disturbance by
taking flight, running, swimming or diving.
There have been numerous studies of threshold
distances at which human activities trigger
flushing by various bird species, and the dis-
tances that birds travel when flushed.

Both the type of response, and the thresh-
old and flush distances, may depend on: the
bird species concerned; the history and life-
cycle stage of the individual birds affected;
flock size; visibility, substrate and topography;
and disturbance factors such as the human
activity, its speed and suddenness, presence
of other animals, such as dogs (Burger and
Galli, 1980; Yalden and Yalden, 1989, 1990),
approach angle and even colour of clothing
(Gutzwiller and Marcum, 1993).

Complete avoidance of areas used by tour-
ists has been recorded for, for example, bald
eagles in Maryland, USA (Buehler et al., 1991)
and Mississippi, USA (Paruk, 1987); common
sandpiper in the UK (Yalden and Yalden, 1990)
and piping plover in north-eastern coastal USA
(Burger, 1994); and shelduck (Cooke, 1980;
Hulbert, 1990) and various other ducks in
Europe (Tuite et al., 1983, 1984). In Joshua Tree
National Park, USA, four bird species com-
pletely avoid cliff areas used for recreational
climbing (Camp and Knight, 1998): the canyon
wren, Townsend’s warbler, Lazuli bunting and
long-eared owl. Raptors also avoid cliffs used
by climbers in Europe (Giuliano, 1994). Areas
near roads are avoided by various bird species
(Buckley, Chapter 6, this volume) including
ducks and geese in Europe (Mooij, 1982;
Madsen, 1985; Keller, 1990). In Denmark, for
example, pink-footed geese avoid areas within
500m of roads and tracks travelled by more
than 20 vehicles daily (Madsen, 1985).

Displacement from a disturbed area for at
least the remainder of the day has been
recorded for a variety of species, including
eagles (Stalmaster and Newman, 1978; Craig et
al., 1988; Anthony and Isaacs, 1989), ducks
and waders (Bell and Austin, 1985; Korschgen
et al., 1985; Yalden, 1992). Some birds may
leave even if others stay. When overwintering
bald eagles on the Nooksack River in
Washington State, USA, were disturbed, 92%
left the area (Stalmaster and Newman, 1978).
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Similarly, disturbance to greater snowgeese in
Quebec, Canada, caused only part of the flock
to leave (Bélanger and Bedard, 1989).

In each of these cases, other individual
eagles or snowgeese also took flight, but
returned later that day. Bald eagles studied by
Stalmaster and Newman (1978) returned to
their feeding sites after several hours’ absence.
Various ducks and geese move away from feed-
ing or roosting areas if disturbed (Owens, 1977;
Tuite et al., 1983, 1984; Galhoff et al., 1984;
Owens et al., 1986; Cryer et al., 1987; Norris
and Wilson, 1988; Morton et al., 1989). The
same applies for shorebirds such as curlew,
plover, redshank and oystercatcher (de Roos,
1981; van der Zande et al., 1984), and other
species such as storks (Datta and Pal, 1993). Up
to 75% of the entire North American popula-
tion of canvasback duck use Lake Onalaska in
the upper Mississippi as a staging area, and
when the ducks are disturbed by sport fisher-
men in boats, they leave the lake in flocks of up
to 25,000 birds, circling high above the lake for
up to an hour before re-alighting (Korschgen et
al., 1985).

There do appear to be some broad general
patterns for flushing thresholds and flight dis-
tances, but these are far from definitive or uni-
versal (Hulsman, 1984). Larger bird species
such as raptors generally seem to flush at
greater distances from human disturbance and
to fly further (Cooke, 1980; Skagen et al., 1991;
Holmes et al., 1993; Knight and Cole, 1995).
For some species, larger flocks may flush at
greater distances (Owens, 1977; Madsen,
1985), whereas for other species the opposite
effect occurs (Gutzwiller et al., 1998). In any
given area, migratory species may flush at
greater distances than resident species, as
shown for 38 species in Florida (Klein et al.,
1995) and 138 species in India (Burger and
Gochfeld, 1991). Rural populations for 13 out
of 14 European species examined by Cooke
(1980) flushed at greater distances than urban
populations of the same species, though this
difference was only statistically significant for
six species. Bird species of open landscapes,
such as ocean shores, commonly flush at
greater distances than birds living in dense
woodland, though whether this is due to visibil-
ity or to the size or behavioural patterns of the
species is not known. Carolina chickadee,

tufted titmouse and American goldfinch, how-
ever, fled or hid sooner from hikers wearing
orange vests than from those in more sombre-
coloured clothing (Gutzwiller and Marcum,
1993). Many bird species flush at greater dis-
tances from people with dogs than from unac-
companied hikers, as noted for golden plover
by Yalden and Yalden (1989, 1990) and five spe-
cies of gulls by Burger and Galli (1980). For
bald eagles on Gulkana River in Alaska, flush
distance also depends on the age of the individ-
ual bird and the height of its perch (Steidl and
Anthony, 1996).

Typical flushing distances vary consider-
ably from one bird species or family to another.
Shorebirds such as golden plover may flush at
distances below 50m (Yalden and Yalden,
1990), whereas eagles may flush at distances
>250m and fly over 1km away (Fraser et al.,
1985; Grubb and King, 1991; Steidl and
Anthony, 1996). Ducks and geese in the UK
flush at 250–450m from sailing dinghies
(Batten, 1977). Brent geese flush at �500m
from quiet unpowered watercraft (Owens,
1977), but 1–2km from motor boats.

Even where birds do not take flight or other
evasive action, they may still stop feeding or
otherwise exhibit alarm or alert responses.
Brent geese and shelduck studied by Martin
(1973), for example, ceased feeding when
humans came within 200m. Piping plover on
the north-eastern coast of the USA spend 90%
of their time feeding when undisturbed, but this
was reduced to 50% by disturbance from
beachgoers (Burger, 1994). Dotterel chicks in
northern New Zealand also spend less time
feeding if humans are present (Lord et al.,
1997), and New Zealand dabchicks spend
more time alert and less feeding (Bright et al.,
2003). Rail, gallinules, ibis and heron in the
Florida Everglades stopped feeding when tour-
ists approached (Burger and Gochfeld, 1998),
as do greater snowgeese in Canada (Bélanger
and Bedard, 1989). Flamingoes in Yucatan,
Mexico reduced feeding time from 40% to 24%
when disturbed by tour boats (Galicia and
Baldassarre, 1997). Some species may be able
to compensate for such disturbance by feeding
for a longer period, or feeding at night, but this
compensation is rarely complete and also
increases risks of predator attack while feeding.

An alert response to disturbance may be
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indicated by a behavioural change, such as
standing still, looking at an intruder, or species-
specific behaviour such as beak-clattering; or it
may produce physiological changes which are
not detectable to a guide or tourist. An in-
crease in heart rate in response to approaching
humans, for example, has been recorded for
blue-footed booby, frigatebirds and waved
albatross (Jungius and Hirsch, 1979), black
duck (Harms et al., 1997) and Adelie penguins
(Giese, 1998; Giese et al., 1999). For albatross
and penguins in particular, these authors spe-
cifically noted that increases in heart rate
occurred before any detectable behavioural
change. For the penguins, for example, heart
rate increased when humans reached 15m
away, whereas behavioural changes did not
commence until humans were only 5m from
the birds.

Other physiological indicators of stress
have also been measured on a few occasions.
Regel and Putz (1997), for example, showed
that disturbance by humans caused a 1.5–2.6°C
rise in stomach temperature for emperor pen-
guins. Similarly, disturbance by humans to
Magellanic penguins in Argentina caused an
increase in the stress-related hormone, corticos-
terone (Fowler, 1999).

Finally, there are a few bird species which
respond to human disturbance by attack rather
than evasion. The main examples are larger rap-
tors such as some owls and eagles, especially
when nesting (Grubb, 1976; Sherrod et al.,
1976).

Responses to disturbance may depend
strongly on the past history of the individual
bird, as well as factors outlined above. Birds
which have been subject to hunting become
more easily alarmed, whereas those which
have been fed become more easily attracted.
Birds with a history of neutral interactions with
human recreational activities may become
habituated, i.e. they show less response to dis-
turbance than would otherwise be the case.
Birds learn to use sanctuary areas protected
from shooting (Madsen, 1994); to avoid heavily
used recreational areas. (Titus and van Druff,
1981; Keller, 1989, 1990); to move back to
feeding areas once humans leave (Cooke,
1975); to visit areas where food may be avail-
able from humans (Watson, 1976; author, per-
sonal observation) and to ignore repeated

harmless disturbances (Swenson, 1979; Cooke,
1980; Poole, 1981). Ducks (Schneider, 1986),
Bewick’s swans (Scott, 1980) and sandhill
cranes (Lovvorn and Kirkpatrick, 1981) all
aggregate in refuge areas protected from hunt-
ing. Of 150 recorded attacks on humans by cas-
sowaries, 75% were by birds that had been fed
previously (Kofron, 1999); and bald eagles that
had previously been disturbed flew further with
successive disturbances (Fraser et al., 1985).

Energetic consequences

The energetic consequences of disturbance to
birds by ecotourists or other human activities
can be quite significant. Golden plover alarmed
by walkers in the UK, for example, have to
spend an extra hour a day foraging for food
(Yalden and Yalden, 1990). Piping plover in
north-eastern USA lose over half their normal
feeding time when alarmed (Burger, 1994).
When semipalmated sandpiper feeding in the
Bay of Fundy, Canada, are disturbed by bait col-
lectors, they lose 68.5% of their foraging time,
and this decreases their fat reserves so much
that they cannot survive over winter (Shepherd
and Boates, 1999). Greater snowgeese staging
near Quebec during their autumn migration
typically incur a 5.3% increase in energy
expenditure and a 1.6% reduction in energy
intake if they take off when disturbed but then
resume feeding later (Bélanger and Bedard,
1990). If they cease feeding, energy expenditure
increases by 3.4%, but energy intake decreases
by 3–20%. Geese disturbed during the day may
feed at night to offset their energy losses, but
night feeding does not fully compensate for the
loss of daytime feeding. Similar, or more seri-
ous, impacts also occur for other migratory
waterfowl (Tucker, 1971; Korschgen et al.,
1985; Havera and Boens, 1992).

The energetic balance of migratory birds
often allows only a very small margin of safety
(Tucker, 1971). For most migratory flocks, a pro-
portion of the individual birds have insufficient
energy reserves and die during the migration. If
feeding opportunities at pre-migration or stag-
ing areas are reduced even by a relatively small
proportion, this can lead to a large increase in
the proportion of birds dying during migration.
The same applies for birds with limited sources
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of food during overwintering. Each winter some
die, and if human disturbance reduces their
feeding opportunities or increases their energy
expenditure, many more die in consequence. In
addition, birds may be more susceptible to dis-
turbance when feeding than when resting, as
shown for overwintering bald eagles in
Washington State, USA (Knight, 1984). Even
resting birds with no apparent response may
suffer increased energy expenditure from
human disturbance. When emperor penguins
are approached by tourists, for example, their
physiological alert response leads to an increase
in stomach temperature and metabolic activity
which increases their daily energy expenditure
by up to 10% (Regel and Putz, 1997).

Breeding birds can also be particularly
susceptible to energetic impacts. Black ducks,
for example, use 3.4 times as much energy
when laying (Wooley and Owen, 1978).
Female eider do not eat for 25 days when incu-
bating their eggs, and lose 40% of their body
weight during this period (Gabrielsen and
Smith, 1995). Any disturbance increases energy
consumption, so that they may be unable to
complete incubation, or may have insufficient
energy reserves to guard their chicks once
hatched. In addition, birds suffering energy
depletion during migration, overwintering or
breeding may become differentially vulnerable
to disease and predation.

Impacts on Breeding Bird
Populations

The impacts of ecotourism and recreation are
particularly significant when birds are breed-
ing. Many birds have relatively short life spans
and only a few opportunities to produce off-
spring. If tourism and recreation reduce the
number of adult birds breeding, the number of
eggs they lay and hatch successfully, or the
number of chicks that survive to maturity,
then the population will decline. For rare or
endemic species where breeding is concen-
trated in a small number of populations,
repeated disturbance can soon threaten the sur-
vival of the entire species. Colony-nesting birds
are particularly susceptible, since a single dis-
turbance may cause widespread egg and chick
mortality for many nests at once. Even the adult

birds are more vulnerable during breeding,
both because of increased energy requirements
and because the need to guard their nests and
checks makes them vulnerable to predators.
There are many recorded instances, for exam-
ple, where birdwatchers and photographers
have inadvertently revealed nests to predators
(including humans), which then take eggs or
chicks (Liddle, 1997).

There are many different mechanisms for
ecotourists to cause impacts on breeding birds.
These include:

• reduction of nesting habitat by clearance,
damage, building or continual distur-
bance;

• reduction in the number of adult birds
which breed in a particular year;

• displacement of breeding pairs from more-
to less-favourable nesting habitat, where
breeding success is reduced;

• damage to nests;
• complete abandonment of nests and

sometimes entire breeding colonies;
• adults spending less time on nest;
• adults providing less food for chicks;
• predators using tourists as cues to find

nests and chicks;
• death of eggs or chicks through excessive

heat or cold if adults are forced to flee
nests;

• adults crushing and killing their own eggs
and chicks during panic take-off if dis-
turbed suddenly;

• adults failing to hide their nests if disturbed
suddenly, increasing the risk of predation;

• predation of eggs and chicks by gulls,
skuas, jaegers, fox, etc., when adults are
forced from nests even briefly;

• predation of eggs and chicks by other
adults of the same species, especially
colony-breeding predator species such as
gulls, when adults are forced off nests;

• increased energy expenditure by parent
birds, forcing them to spend more time off
the nest and increasing risks to chicks;

• chicks leaving nest site and suffering death
through predation, injury, dehydration or
starvation.

There are many instances where a reduc-
tion in breeding success has been noted for
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birds disturbed by tourism and recreation, but
the precise mechanism has not been deter-
mined. Such observations have been made for
a variety of different bird species and families.
The overall reproductive success of bald eagles
studied by Bangs et al. (1982) was reduced
from 88% to 23% by canoe campers. Reduced
reproductive success in bald eagles was also
reported by Mathisen (1968) and Grubb and
King (1991). For golden eagles in Maine, USA,
95% of nest losses were due to human distur-
bance (Bocker and Ray, 1971). Disturbance
reduced nesting success for osprey in various
parts of the world (Reese, 1972; Levenson and
Koplin, 1984). In Idaho, USA, ospreys pro-
duced fewer young if human activities
encroached within 1500m (van Daele and van
Daele, 1982). Red kites in Wales suffered
reduced breeding success if subject to distur-
bance (Newton et al., 1981).

Reductions in breeding success through
disturbance by tourists has been recorded for a
wide variety of seabirds and shorebirds, both
individual and colony-nesting. These include,
for example: herring, glaucous-winged and
western gulls (Hunt, 1972; Gillett et al., 1975;
Robert and Ralph, 1975); least terns (Gaddy
and Kohlsaat, 1987; Rodgers and Smith, 1995);
brown pelicans (Anderson, 1988); black skim-
mer (Safina and Burger, 1983); various waders
(Frederick and Collopy, 1989); pied oyster-
catcher and redcapped plover disturbed by
vehicles and campers on Fraser Island, Austra-
lia (Fisher et al., 1998); least and crested auk-
lets in Alaska (Piatt et al., 1990); black
guillemot (Cairns, 1980); fulmar (Ollason and
Dunnet, 1980); ringed, little ringed and piping
plovers (Pienkowski, 1984; Flemming et al.,
1988; Putzer, 1989); and Adelie penguins
(Giese, 1996). Similar effects are recorded for
freshwater birds such as mallard (Balat, 1969),
loon (Robertson and Flood, 1980; Titus and van
Druff, 1981; Gotmark et al., 1989; Hockin, et
al., 1992) and great crested grebe (Keller, 1989;
Putzer, 1989); and also for stork, egret, heron,
ibis, cormorant and black skimmer in the
Florida Everglades (Rodgers and Smith, 1995).

An extensive set of records is tabulated by
Hockin et al. (1992). Human disturbance
during breeding, even on a single occasion,
commonly reduced breeding success by 40%
or more. For example, human disturbance

reduced hatching success by: 47% for Adelie
penguins in the Antarctic (Giese, 1996); 54%
for herring gulls in Maine, USA (Hunt, 1972);
62% for bald eagles in North America (Bangs et
al., 1982); 80% for arctic loon in Sweden
(Götmark et al., 1989); and 75–100% for least
terns in South Carolina, USA (Gaddy and
Kohlsaat, 1987).

Clearance and damage to vegetation at
campsites and lodges affects a relatively small
area. Much larger areas can be affected through
noise, fire or frequent human use. This may
either drive adult birds away completely, as dis-
cussed above; or it may prevent them nesting,
even if they use the area otherwise; or it may
render the area less attractive as nesting habitat,
so that older birds seek territories elsewhere,
and only younger birds use the disturbed areas.
Masked, red-footed and blue-footed boobies
may perch at 2–6m from walking trails in the
Galapagos Islands, Ecuador, for example, but
there are fewer nests within 10m of trails than
at greater distances (Burger and Gochfeld,
1993). The density of breeding birds decreases
with increased recreational use for 8 of 13
European species examined by van der Zande
et al. (1984). Only young male willow warblers,
with lower reproductive success, nest within
200m of roads in Europe (Reijnen and Foppen,
1994; Reijnen et al., 1995). Loon, grebe and
eider rarely nest on lakeshores or islands subject
to significant recreational use (Titus and van
Druff, 1981; Pfluger and Ingold, 1988; Keller,
1989, 1990; Laurila, 1989).

Ducks do not breed at all on lakes used for
recreation in Wisconsin (Jahn and Hunt, 1964),
and fewer ducks breed in areas used by anglers
in Europe (Reichholf, 1970, 1975, 1976; Tuite,
1981). Common sandpipers do not nest in areas
used by anglers in the UK (Yalden and Yalden,
1990). Piping plovers nest less in lakeshores
used by ATVs in North Dakota (Prindiville-Gains
and Ryan, 1988). Nesting shorebirds generally
avoid areas used by ATVs in Massachusetts, USA
(Blodget, 1978). Nesting golden plover and
curlew avoid moorland areas used for recrea-
tion in the UK (Haworth and Thompson, 1990).
Oystercatchers in The Netherlands nest prefe-
rentially in areas closed to recreation and tour-
ism (de Roos and Schaafsma, 1981). Note that
this reduction in effective nesting habitat areas
would not generally be obvious to ecotourists,
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or even specialist birdwatchers, unless they are
very familiar with the whole local area through-
out several seasons.

A wide variety of raptors avoid nesting
in areas used for tourism and recreation.
Buzzards, sparrowhawk, hobby, kestrel, tawny
owl and longeared owl in The Netherlands nest
only in areas completely closed to the public
(Saris, 1976). Kestrel (van der Zande and
Verstrael, 1985) and Spanish Imperial eagle
(Gonzalez et al., 1992) avoid disturbed areas
completely for nesting. Osprey in Minnesota
USA, which nest within 100m of shorelines in
undisturbed areas, move to 1.2–4.8km inland
in areas with tourist development (Fraser et al.,
1985). This reduces their access to food for
themselves and their nestlings, increases the
time they must spend off the nest for foraging,
and reduces their ability to watch their nests
while searching for food.

Various gulls, terns and other shorebirds in
eastern USA move their nest sites from barrier
island beaches to abnormal sites, such as dredge
spoil islands, when their preferred sites are used
by tourists (Buckley and Buckley, 1975; Parnell
and Soots, 1975; Burger and Shisler, 1979;
Erwin, 1980, 1989; Jackson and Schardien-
Jackson, 1985; Kotliar and Burger, 1986).
Roseate and sooty terns in the Virgin Islands
even move their nest sites from beaches to cliffs
(Dewey and Nellis, 1980). Loons in Canada
move their nests from islands to marshes when
islands are used by canoeists (Alvo, 1981). A
breeding colony of northern royal albatross on
Taiaroa Heads, New Zealand, has been visited
by birdwatchers for many years, but is now used
as one stop on the itineraries of commercial
coach tours whose clients are generally uninter-
ested in albatross and unaware of their impacts
on the nesting birds (Higham, 1998). As a result
of this continual disturbance, the birds have
been driven gradually from their preferred area
to a less protected area, where adults, eggs and
chicks are subject to increased heat stress and
many more chicks die. On a more local scale,
openbill storks in India (Datta and Pal, 1993),
black-billed magpie in the USA (Knight and
Fitzner, 1985; Dhindsa and Kamer, 1988), and
various songbirds in the USA (Gutzwiller et al.,
1998) move their nests to higher and/or less
accessible trees if they are disturbed by humans.

Subtle impacts on breeding behaviour

have also been recorded on occasion. Trumpe-
ter swans, for example, modify their breeding
behaviour in the presence of recreational dis-
turbance (Henson and Grant, 1991). Human
intrusion was also found to modify the seasonal
timing of birdsong in some species (Gutzwiller
et al., 1997), with consequent effects on court-
ship and pairing. Disruption of courtship dis-
plays and callings has also been noted for
bowerbirds in the gorges of Purnululu World
Heritage Area, Australia, which are subject to
tourist overflights in helicopters and light air-
craft (author, personal observation).

Even if birds continue to use disturbed
areas for nesting, their nests may be destroyed
by tourists. Species such as terns, plovers and
oystercatchers nesting on shorelines used by
ORVs are particularly vulnerable (Burger, 1981;
Jeffery, 1987; Buick and Paton, 1989; Burger
and Gochfield, 1990). ATVs and hikers can also
crush or collapse nest burrows for species such
as mutton birds and some penguins. Wash from
boats on lakes and rivers can flood or damage
waterbird nests. Even in woodland areas, camp-
ers can destroy nests by breaking branches for
firewood or to clear tent sites. At campgrounds
in Coconino National Forest, Arizona, USA, for
example, 30% of Steller’s jay nests and 20% of
American robin nests were destroyed in this
way (Aitchison, 1977).

Abandonment of nests following distur-
bance by tourists has been recorded for a wide
variety of bird species, including osprey (Ames
and Mesereau, 1964), bald eagle (Fraser et al.,
1985), brown pelican (Anderson, 1988), wood
stork (Gonzalez, 1999), loon (Titus and van
Druff, 1981; Götmark et al., 1989), tufted puffin
(Pierce and Simons, 1986), black-crowned
night heron (Tremblay and Ellison, 1979) and
jackass penguins (Hobson and Hallinan, 1981).
Abandonment may not be immediate, espe-
cially for colony-nesting species. Wood stork
colonies in Venezuela disturbed by humans, for
example, suffered successively increasing pre-
dation from crested caracara (Gonzalez, 1999),
which ultimately led them to abandon the
entire colony. There seems to be a general ten-
dency amongst most bird species that nests are
more likely to be abandoned at earlier stages
before eggs are laid or hatched, than at later
stages when the adults have invested heavily in
feeding their chicks.
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Even where adult birds remain with their
nests, there are many mechanisms by which
human disturbance can interfere with reproduc-
tive success. Adults may hatch fewer chicks, as
shown for lapwing by Iversen (1986) and white
pelican by Boellstroff et al. (1988). They may
feed their nestlings less, as shown for marsh har-
rier by Fernandez and Azkona (1993), and sand
martin. They may stay away from nests for
longer periods, as shown for herons by Vos et al.
(1985), and eggs may take longer to incubate.
Chicks may develop more slowly, and may
leave the nest at a more immature stage (Nisbet
and Drury, 1972; Hulsman, 1984).

When adult herring gulls on islands off
Maine, USA, are driven from their nests by pic-
nickers, their eggs overheat, addle and die
(Hunt, 1972). For peregrine falcon and golden
eagle in Scotland (Watson, 1976) and Adelie
penguin in the Antarctic (Giese, 1998), eggs die
of cold when adults are frightened away from
their nests by tourists, even for a short period.
When nesting adults are disturbed suddenly
they may crush and kill their own eggs or chicks
during a panic take-off, as recorded for both
brown pelican (Anderson and Keith, 1980) and
white pelican (Bunnell et al., 1981) disturbed
by aircraft. When greater crested grebes are
scared away suddenly by recreational boaters,
they do not have time to hide their eggs with
vegetation according to their normal practice
(Keller, 1989), increasing predation risks.

Increased predation on eggs and chicks
when brooding adults are driven off the nest by
tourists or other human disturbance, has imme-
diate and major impacts on reproductive suc-
cess for a wide range of bird species. In many
cases, predators have learnt to use birdwatch-
ers or other tourists as cues to find hidden nests
(Liddle, 1997). This has been shown, for exam-
ple, for Canada geese (MacInnes and Misra,
1972), eider (Götmark and Åhlund, 1984) and
coot (Salathe, 1987). In Chubut, Argentina,
predatory dolphin gulls have learnt to follow
human intruders as they approach nesting king
shag rookeries (Kury and Gochfeld, 1975),
preying on eggs and chicks as adult birds are
distracted. After only a few disturbance events,
the gulls eliminate the shag colonies entirely.

Predators such as gulls, skuas, jaegers,
ravens and foxes are extremely efficient at
attacking bird nests. For solitary-nesting spe-

cies, such as loon, grebe and eider, the only
protection is in concealment. For colony-
nesting species, such as many geese, terns,
gulls, cormorants and other waterbirds, how-
ever, the main protection is through vigilance
and physical defence. In many cases, these
breeding colonies are continually surrounded
by predators waiting for an opportunity. If tour-
ists lead adult birds to desert their nests or relax
their guard, even for seconds, those predators
will take eggs or small chicks. Examples in-
clude: Canada geese in Hudson Bay (MacInnes
and Misra, 1972); various seabirds (Hand,
1980; Randell and Randell, 1981; Gutzwiller,
1995); cormorants and shags (Kury and
Gochfeld, 1975; Verbeek, 1982); Atlantic puffin
(Finney et al., 2003); eider in Sweden (Joensen,
1973; Åhlund and Götmark, 1989; Laurila,
1989) and velvet scoter in Finland (Mikola et
al., 1994). Gulls are the most commonly
recorded predators. When velvet scoter ducks
in Finland were disturbed a few times each day,
over 50% of ducklings were taken by gulls in
the first 3 weeks after hatching, with the fre-
quency of gull attacks increasing 3.5 times
during human disturbances (Mikola et al.,
1994). When loons in Sweden were disturbed
by boats, gull predation increased by a factor of
200–300 times (Åhlund and Götmark, 1989).
Experimentally reducing the density of gulls
improves the reproductive success of Atlantic
puffin (Finney et al., 2003).

Many gull species also prey on nests of
other individuals from the same species, if
those individuals are disturbed by tourists. This
has been recorded for glaucous-winged gulls in
the San Juan Islands National Wildlife Refuge,
USA (Gillett et al., 1975), western gulls on
Farallon Island, California (Robert and Ralph,
1975) and in the Gulf of California (Hand,
1980), Heermann’s gull (Anderson and Keith,
1980) and ring-billed gull (Fetterolf, 1983).
There is also a positive feedback effect, in that
individual gulls that have lost their brood as a
result of disturbance are no longer restricted by
the need to defend their own nests, so they
become more aggressive predators (Hand,
1980). Even if chicks are not killed by predators
when brooding adults are disturbed, they may
still die of injury, dehydration or starvation if
they leave unattended nests.
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Conclusions

By far the majority of recorded impacts on birds
from ecotourism, recreation and associated
human disturbance are negative, often strongly
so (Hockin et al., 1992; Liddle, 1997; Carney
and Sydeman, 1999). There are a few excep-
tions, including: birds that habituate to loud
noises (Murton, 1971; Altman and Grano,
1984; Anderson et al., 1989); birds that nest
close to tourist accommodation (Hill and
Rosier, 1989); and birds that maintain repro-
ductive success despite limited human distur-
bance (Hull and Wilson, 1996; Cobley and
Shears, 1999). Recreation is not the only factor
affecting bird populations, which may increase
on occasion even despite recreational impacts
(Gerrard et al., 1993). But these cases are very
much the exception; and even if one species
increases in numbers, others may decrease in
consequence.

Much more commonly, a single small dis-
turbance, or series of low-key disturbances, can
cause far-reaching impacts which may not be
discernible to the people involved. A single
angler prevents ducks in Germany breeding on
lakes smaller than 1ha in area (Reichholf,
1976). A single aircraft flying over a colony of
white pelican chicks in Canada led to the death
of 88% of the entire colony’s chicks (Bunnell et
al., 1981). Areas visited by only one car every
week are abandoned by pink-footed geese in
Denmark (Madsen, 1985). Very low-level use of
subalpine forests in Wyoming, at 1 person/ha�
week, led to a 46–57% decline in the density of
mountain chickadee, American robin and
hermit thrush (Gutzwiller and Anderson, 1999).
For waterbirds such as ducks (Putzer, 1989) or
cormorants (Hubner and Putzer, 1985) a single
boater drives away most of the flock. For the
various species suffering increased egg and
chick predation, as summarized above, one or
two human disturbances cause large-scale
mortality or even the complete failure of the
colony. For migratory and overwintering birds,
even a low-key disturbance reduces feeding
time significantly, which can tip the birds over
the threshold from survival to starvation and
death. Major ecological consequences from
minor tourism disturbance are commonplace,
not unusual.

Different bird species respond very differ-

ently to similar impacts (Foin et al., 1977;
Robertson and Flood, 1980; van der Zande et
al., 1980; Burger et al., 1982; Clark et al., 1984;
Hulsman, 1984; Tuite et al., 1984; Pfluger and
Ingold, 1988; Hill and Player, 1992; Hockin et
al., 1992; Burger and Gochfeld, 1993; Liddle,
1997; Carney and Sydeman, 1999). There are
some broad patterns under which birds of the
same family, size, diet or migratory habits may
respond to disturbance in similar ways, but
those patterns are not nearly strong enough to
be able to generalize from one bird species to
another. In addition, for some bird species at
least, disturbance responses of individual birds
depend strongly on preconditioning: fear, habi-
tuation or attraction. To determine the impacts
of ecotourism or recreation on birds in any given
area, with sufficient confidence for conserva-
tion and visitor management, requires extended
expert observations or rigorously designed sci-
entific study on the particular species, ecosys-
tems and human activity concerned.

Such information available currently is
heavily concentrated in particular geographic
areas, notably Europe and North America. It is
also concentrated on particular groups of bird
species, such as: gulls and terns; waders and
shorebirds; geese, ducks and divers; and rap-
tors. In the southern hemisphere, penguins are
beginning to receive attention, but tourism
impacts on the vast majority of land birds in the
southern hemisphere continents remain almost
entirely unknown.

The identification and quantification of the
ecological impacts of ecotourism and recrea-
tion on birds, at a population scale, are not nec-
essarily straightforward. Some impacts may be
immediately apparent, such as roadkill or nest-
ing birds flushed by dogs. Few tourists, or per-
haps even land managers, however, will have
sufficient understanding and information to
appreciate ecological consequences through,
for example, effects on energy balances of adult
birds, delayed predation on eggs and chicks, or
avoidance of disturbed habitat areas. More
subtle secondary impacts are unlikely to be
detected except by experienced bird ecolo-
gists, yet they may be highly significant for
overall impacts. Examples include: use of
humans as visual cues by predators; increased
vulnerability of younger birds from family
groups disrupted by disturbance; increased
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predation on smaller birds where additional
food supplies increase the densities of larger
and more aggressive species; predation on
forest-core birds by forest-edge species which
move into campgrounds and trail-edge habi-
tats; and many more.

Ecotourism and outdoor recreation have
less impact than major land-use changes such
as clearance for agriculture (Haworth and
Fielding, 1988). They are, however, often tar-
geted specifically at rarer species of higher
value both for tourism and for conservation.
They can be highly significant for the survival of
local and sometimes global populations of par-
ticular species. And for most species world-
wide, they are largely unknown. As land use in
protected areas continues to change from pro-
tection and conservation towards recreation
and tourism, knowledge of tourist impacts on
birds needs to be increased greatly.
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Introduction

The focus of this review is on disturbance to ter-
restrial vertebrates by people engaged in recre-
ational activities where enjoyment of nature is
a significant attraction. It also examines the
consequences of such disturbance at individual
and population scale, to the extent that these
have been studied. This review does not
include impacts on wildlife caused by hunting
(Caro et al., 1998; Bauer and Giles, 2002) and
fishing, except in so far as: (i) hunting makes
wildlife wary of humans (Wathery, 1969;
Weinberg et al., 1997); (ii) habituation to tour-
ists makes wildlife vulnerable to poachers
(Buckley, 2003, pp. 221–212); or (iii) hunting of
a prey species affects the ability of tourists to
watch its predators (Gasaway et al., 1983; Kilgo
et al., 1998; Novaro et al., 2000).

Impacts of large-scale tourist infrastructure
are not considered here, nor are those from out-
door recreation activities which rely principally
on physical features of the nature environment,
and where the primary attraction is excitement
rather than contemplation. The effects of aircraft
noise (e.g. Dewey, 1994; Larkin et al., 1996) are
considered briefly. The impacts of off-road vehi-
cles are reviewed by Buckley (Chapter 6, this
volume) and are therefore not considered here.
The same applies for impacts of ecotourism on
birds (Buckley, Chapter 11, this volume) and
marine mammals (Higham and Lusseau, Chap-
ter 10, this volume). Disturbance to terrestrial

reptiles and amphibians is included here, but
has been subject to relatively little research.
Invertebrates are not considered here except
briefly: the impacts of trampling are included in
the chapter by Cole (Chapter 4, this volume).
Other impacts on invertebrates are reviewed by
Liddle (1997) and Buckley (2001). There has
also been limited research on recreational
impacts on shoreline invertebrates (Beauchamp
and Gowing, 1982; Ghazanshahi et al., 1983;
Bally and Griffiths, 1989; Povery and Keough,
1991; Wynberg and Branch, 1997; Kelaher et
al., 1998a,b).

Previous reviews of this topic include:
classic texts by Edington and Edington (1986,
1977); bibliographies by Boyle and Samson
(1983, 1985) and Hall and Dearden (1984); a
specialist book by Knight and Gutzwiller
(1995); a report by Roe et al. (1997); several
chapters in the comprehensive work by Liddle
(1997); and a summary by Green and Higgin-
bottom (2000, 2001). Impacts on wildlife are
also discussed in more general reviews and
texts, such as Wang and Miko (1997), Hammitt
and Cole (1987), Buckley (2001), Newsome et
al. (2001, pp. 95–124) and Hendee and
Dawson (2002, pp. 321–349, 423–424).

Various schemes have been proposed to
classify the impacts of tourism on wildlife (e.g.
Pomerantz et al., 1988; Duffus and Dearden,
1990; Anderson, 1995; Gutzwiller, 1995; Whit-
taker and Knight, 1998; Gill et al., 1996;
Liddle, 1997; Hendee and Mattson, 2002).
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Knight and Cole (1995), for example, divided
impacts into harvesting, habitat modification,
disturbance and pollution. This review focuses
on impacts through habitat modification and
direct disturbance. Most of the data available
refer to effects at the scale of individual animals
rather than entire populations, but a distinction
may be drawn between breeding and non-
breeding individuals.

The impacts of ecotourism and outdoor rec-
reation on wildlife may, in many cases, be much
less significant than major habitat changes asso-
ciated with agriculture, forestry or extractive
industries (Mattson, 1997; Green and Catterall,
1998); large dams (Sheppe, 1985); or direct
impacts from hunting and poaching (Ottichilo,
1987). In other cases, however, disturbance by
tourists may have a major effect on wildlife sur-
vival and reproduction, particularly for species
and populations in conservation reserves which
are largely protected from other human activ-
ities. As one example, tourism in middle-altitude
rainforest in Madagascar produces more
impacts on wildlife than small-scale subsistence
logging by local residents (Stephenson, 1993a).
Where wildlife species survive only in protected
areas, increased disturbance from ecotourists
and other wildlife watchers, especially during
critical periods such as breeding, migration and
overwintering, may have significant conse-
quences for conservation of the species con-
cerned. Such population-scale impacts have not
often been quantified, but examples of popula-
tion decline associated with increased recrea-
tion cross a wide spectrum of species: wood
turtles in Connecticut, USA (Garber and Berger,
1995), grasshoppers in Austria (Ilich and Haslett,
1994), monkeys in Costa Rica (Lippold, 1990),
rodents and tenrecs in Madagascar (Stephenson,
1993a,b), and bats in Mexico.

Table 12.1 lists the English and scientific
names of animals mentioned in this chapter.

Habitat Modification

Wildlife habitat may be modified by: tracks and
trails; barriers; campsites and lodges; new
sounds and smells; fire and weeds; provision or
removal of food and water sources; and provi-
sion, removal or damage to refuges and breed-
ing sites. Such effects may be complex and

indirect, especially for species dependent on
different food and habitat at different seasons or
ages (Buckley and McDonald, 1991).

Roads and tracks can act as barriers to the
movement of wildlife, both large and small
(Buckley, Chapter 6, this volume). Some wildlife
tourism ventures, especially private reserves,
use fences deliberately to keep watchable spe-
cies close to tourist areas. Elsewhere, roads can
block or modify movement patterns. Examples
include: small cryptic species (Adams and Geis,
1983; Andrews, 1990; Burnett, 1992; Goosem,
2000); larger herbivores (Ward et al., 1973;
Reed et al., 1975; Singer and Doherty, 1985)
and large predators (Boitani et al., 1984; Thiel,
1985; Mech et al., 1988; Brody and Pelton,
1989; van Sickle and Lindzey, 1992; Foster and
Humphrey, 1995; Yanes et al., 1995; Lovallo
and Anderson, 1996; Gibeau and Heuer, 1996;
Gunther et al., 1998; Ruediger, 1998; Tewes
and Blanton, 1998; Tewes and Hughes, 2001).

In addition, many animals avoid roads,
tracks and trails. Even a narrow hiking trail,
therefore, may effectively modify habitat over a
broad area. White-tailed deer, for example,
move away from trails used by oversnow vehi-
cles even at low-intensity use, two vehicles per
day (Dorrance et al., 1975). Grizzly bears in the
Rocky Mountains generally stay at least 250m
from roads, reducing effective habitat area
by 8.7% (McLellan and Shackleton, 1988).
Grizzly bears in north-western Montana, USA,
avoid trails even if they cross the best foraging
areas (Kasworm and Manley, 1990). Similar
behaviour has been reported by Mattson et al.
(1987), Gunther (1990), Olson and Gilbert
(1994) and Mattson (1997). Hanuman langurs
in Shimla, India, avoid areas of human habita-
tion, though rhesus macaques do not (Ross et
al., 1993). Large mammals in the rainforests of
Sumatra behave differently near trails (Griffiths
and van Schaik, 1993), even when behaviour is
recorded by camera traps and is hence not
affected by human presence. These losses of
available habitat area are particularly signifi-
cant where the areas affected are important for
feeding or breeding; for example, where roads
run along narrow valley floors in mountainous
areas. Tracks, trails and boardwalks also modify
small-scale habitat features such as woody
debris, affecting food and refuge sites for
smaller vertebrates such as lizards (Martín and
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Salvador, 1995; Hecnar and M’Closkey, 1998).
Compaction under trails may crush burrows in
soil or snow, or reduce their insulation (Schmid,
1970; Layser and Burke, 1973; Mainini et al.,
1993). Modifications to cave entrances, even
gates or grids intended to reduce disturbance
from tourists, can cause tenfold reductions
in the populations of cave-dwelling bats
(Churchill, 1987; White and Seginak, 1987).
Torch batteries discarded by cavers can affect
the fauna of cave streams (Edington and
Edington, 1977, 1986).

Avoidance Behaviour

While some animals avoid areas with habitat
modifications, such as tracks and trails, others

respond more directly to people using such
areas. Elk and moose, for example, move away
from cross-country skiers on ski trails (Ferguson
and Keith, 1982). The elk return once the skiers
leave, but the moose do not. Elk in Yellowstone
National Park move away from tourists, often
into poorer foraging areas (Cassirer et al.,
1992). Elk in Wyoming avoid campers, picnick-
ers and anglers; 80% of a herd of 400 stayed at
least 800m away (Ward, 1973). Chamois in the
Swiss Alps avoid trails being used by hikers,
joggers and mountain bikes (Gander and
Ingold, 1997). Chamois in Austria move to cliffs
when there are skiers on the slopes (Hamr,
1988). Brown bear in Europe have become very
secretive, avoiding areas with any human hab-
itation or activity (Elgmork, 1983, 1987; Liddle,
1997). The same applies for cougar in south-
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Table 12.1. Alphabetical list of common and scientific names.

baboon, hamadryas Papio hamadryas
badger, European Meles meles
bat, Indiana Myotis sodalis
bear, black Ursus americanus
bear, brown or grizzly Ursus arctos
bear, polar Ursus maritimus
bison Bison bison
blackbuck Antilopa cervicapra
bobcat Lynx rufus
caiman, Paraguayan Caiman yacare
caribou Rangifer tarandus
chimpanzee Pan troglodytes
chipmunk, Colorado Eutamias quadrivittatus
chital Axis axis
cougar, mountain lion, Felis concolor

panther
coyote Canis latrans
deer, mule Odocoileus virginiatus
deer, red Cervus elaphus
deer, roe Capreolus capreolus
deer, white-tailed Odocoileus hemionus
devil, Tasmanian Sarcophilus laniarius
elephant, African Loxodonta africana
elephant-shrew, eastern Elephantulus myurus

rock
elk, American Cervus canadensis
fox, red or silver Vulpes vulpes
gazelle, Thomson’s Gazella thomsoni
goat, (Rocky) mountain Oreamnos americanus
gorilla, mountain Gorilla gorilla berengei
hyrax, rock Procavia capensis
kangaroo, grey Macropus fuliginosus
langur, Hanuman Presbytis entellus

lemming, northern bog Synaptomys borealis
lizard, flat-tailed horned Phrynosoma mcallii
lizard, Iberian rock Lacerta monticola
macaque, Barbary Macaca sylvanus
macaque, rhesus Macaca mulatta
markhor, Heptner’s Capra falconeri

heptneri
marmot, alpine Marmota marmota
marmot, Vancouver Marmota 

Island vancouverensis
monkey, howling Alouatta palliata
monkey, whitefaced Cebus capucinus
moose, North American Alces alces
muskox Ovivos moschatus
possum, brushtail Trichosurus vulpecula
possum, ringtail Pseudocheirus

peregrinus
quoll, eastern Dasyurus viverrinus
rat, broad-toothed Mastacomys fuscus
rattlesnake, eastern or Sistrutus catenatus

massasauga catenatus
reindeer, Svalbard Rangifer tarandus

platyrhynchus
rhinoceros, Asian Rhinoceros unicornis
sheep, (Rocky Mtn) Ovis canadensis

bighorn
sheep, dall Ovis dalli
skink, five-lined Eumeces fasciatus
squirrel, Columbian Spermophilus 

ground columbianus
squirrel, grizzled giant Ratufa macroura
tortoise, desert Gopherus agasizii
vole, California Microtus californicus
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western USA (van Dyke et al., 1986; Beier,
1995). Rainforest wildlife in Sumatra leave trail
areas when tourists arrive (Griffiths and van
Schaik, 1993). Howling monkey in Costa Rica
moved out of a reserve area once ecotourists
started to visit it (Lippold, 1990). Flat-tailed
horned lizards in Arizona move away from
areas used by off-road vehicles (Beauchamp et
al., 1998).

Where animals cannot leave disturbed
areas completely, they may change the timing
of activities to avoid tourists in time rather than
space. Captive elephant shrew, for example,
become more nocturnal if disturbed during the
day (Woodall et al., 1989). Similar effects, inci-
dentally, have been recorded for birds (Buckley,
Chapter 11, this volume). Red-necked walla-
bies in south-eastern Queensland, Australia,
forage diurnally in protected areas but noctur-
nally on private rural landholdings where they
are disturbed by people and dogs (author, per-
sonal observation).

Physiological Disturbance

Disturbance to wildlife from the sight, sound or
smell of humans and their artefacts and activ-
ities has been recorded for a wide range of spe-
cies. Most of the responses recorded, however,
are behavioural. Physiological indicators of
stress, such as temperature and heart rate, are
more difficult to measure and have not often
been recorded (Gabrielsen and Smith, 1995).
Perhaps the classic study is that of MacArthur et
al. (1982), who used remote telemetry to detect
increases in heart rate for mountain bighorn
sheep approached by hikers. Increases of up to
20 beats/min were recorded when unaccompa-
nied hikers approached within 30m from a
nearby road. Where hikers approached from the
opposite direction, or were accompanied by
dogs, this threshold distance rose to 200m.
Remote heart-rate telemetry on desert bighorn
sheep was later reported by Giest et al. (1985).
Several studies have showed increases in heart
rate during aircraft overflights (Larkin et al.,
1996; Weisenberger et al., 1996; Krausman et
al., 1998). Interestingly, for captive desert mule
deer and mountain sheep subjected to simu-
lated jet aircraft noise, behavioural responses
persisted for 4–5min, whereas heart rate re-

turned to normal after 3min (Weisenberger et
al., 1996). Hormonal levels were not measured.

Instead of heart rate, Humphrey (1978) and
Bakken et al. (1999) used body temperature as
an indicator of stress. Captive silver foxes suf-
fered stress-induced hyperthermia when dis-
turbed either by approaching humans or by
aircraft overflights, but the former produced
greater effects (Bakke et al., 1999). Hibernating
Indiana bats showed an increase in body tem-
perature in response to lights, photographic
flashes, human speech and other sounds, and
especially physical contact (Humphrey, 1978).

Alert and Alarm Behaviour

Where physiological evidence is not available,
the first signs that wildlife are disturbed by eco-
tourists or other people are behavioural changes,
which indicate that the animal has detected the
person and is alert. These changes may be obvi-
ous, such as standing erect and gazing fixedly at
the intruder; or much more subtle, such as an
animal keeping an eye on people while contin-
uing to feed. For species which routinely live in
social groups, alert behaviour may be indicated
by changes in the relative position of different
individuals, e.g. juveniles moving closer to their
mothers or a lead individual moving to the side
of the group nearest the tourists or adopting a
guard or lookout position (Pedevillano and
Wright, 1987). Alternatively, alertness may be
indicated by changes in vocalizations, whether
specialized sounds (e.g. between parents and
offspring); decreased calling, as for pygmy mar-
mosets in north-eastern Ecuador (de la Torre et
al., 2000); increased calling, as for chimpanzees
approached by larger tourist groups in Uganda
(Grieser-Johns, 1996); or alarm calls, as for
alpine marmot in Europe (Mainini et al., 1993).

Alert behavioural responses may occur at
considerable distance, e.g. 640m for reindeer
that hear oversnow vehicles. Median alert dis-
tance for chamois disturbed by hikers and bikers
in the Swiss Alps is 180m (Gander and Ingold,
1997). Asian rhino, however, allow tourists to
approach within 30m before reacting (Lott and
McCoy, 1995). Some species respond more to
people on foot, others to vehicles, others to air-
craft (Ward et al., 1973; Singer, 1978; Krausman
and Hervert, 1983; Lewis, 1986).
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Alert and alarm behaviour is commonly
more intense, and triggered at larger distances,
where tourists are accompanied by dogs. The
effects of dogs have been recorded for a wide
range of species including, red, roe and mule
deer; pronghorn antelope; chamois; bighorn
sheep; marmots and badgers (MacArthur et
al., 1982; Berger et al., 1983; Cederna and
Lovari, 1986; Freddy et al., 1986; Aaris-
Sorensen, 1987; Jeppesen 1987a,b; Smith and
Krausman, 1988; Humphries et al., 1989;
Bullock et al., 1993; Mainini et al., 1993).

Evasive Behaviour

Perhaps the most commonly reported response
to human disturbance, especially by larger
mammals in open terrain, is simply to move
away, either gradually or abruptly: they run
and/or hide. This response is readily observed
and hence often reported. It may be triggered
by tourists on foot, in vehicles (Buckley,
Chapter 6, this volume) or by low-flying air-
craft, including helicopters.

Both the approach distance which causes
animals to move away, and the distance they
then move, can differ greatly between species,
populations and individual animals. These dis-
tances also depend on the terrain, the type and
magnitude of the disturbance, and the history
or habituation of the animals concerned. Vari-
ous authors, for example, have reported elk,
mule deer and white-tailed deer moving away
from hikers and cross-country skiers in North
America, but with considerable differences in
detail (Behrend and Lubeck, 1968; Dorrance et
al., 1975; Eckstein et al., 1979; Ferguson and
Keith, 1982; Freddy et al., 1986; Cassirer et al.,
1992). In Yellowstone National Park, for exam-
ple, elk at two sites moved away from cross-
country skiers at a median approach distance
of 400m, and travelled up to 1700m away,
commonly into an adjacent drainage. Most did
not return for 2 days or more. At another site,
however, elk did not begin to move away until
skiers approached within 15m (Cassirer et al.,
1992).

Behrend and Lubeck (1968) reported that
white-tailed deer move away from hikers at
17–54m, and Freddy et al. (1986) that mule
deer move away at 133m, travelling up to

330 m. In these cases, disturbance was due
to small numbers of slow-moving people.
European orienteering events with several hun-
dred runners, in contrast, led moose, roe and
red deer to run up to 6km away, often out of the
protective forest cover into open ground
(Sennstam and Stalfelt, 1976; Jeppesen, 1984,
1987a,b). Some of the animals died in conse-
quence (Sennstam and Stalfelt, 1976). Some
individual animals, however, hid instead of
running (Jeppesen, 1984, 1987a).

Chamois in Switzerland also run from
hikers, with a median escape distance of 103
m (Gander and Ingold, 1997). In the Sierra
Nevada, 7 of 10 groups of desert bighorn sheep
ran from hikers (Hicks and Elder, 1979), and six
of these left their pasture areas. Grizzly bear
generally run from hikers (Schneider, 1977;
Jacobs and Schloeder, 1992; Titus et al., 1994),
with 70% of bears running over 1km
(McLellan and Shackleton, 1989). Marmots in
the Swiss Alps run to their burrows (Ingold et
al., 1993). Asian rhinoceros in Nepal run if
tourists approach within 10m (Lott and
McCoy, 1995). Grizzled giant squirrel in south-
ern India run and then freeze (Joshua and
Johnsingh, 1994). A variety of native fauna in
the UK, the Alps and Zimbabwe are all dis-
turbed by hikers (Holroyd, 1967; von Petrak,
1988; Yalden, 1990; Harris et al., 1995; Potts et
al., 1996).

Disturbance by helicopters and other low-
flying aircraft has been described for caribou,
muskox, deer, goats, sheep, bears and other
species (Price and Lent, 1972; Miller and
Gunn, 1979; Krausman and Hervert, 1983;
Sindiyo and Pertet, 1984; Bleich et al., 1990,
1994; Stockwell et al., 1991; Dewey, 1994;
Cote, 1996; Larkin et al., 1996; Krausman et al.,
1998). Dall sheep in Alaska run up to 800m
uphill if disturbed by helicopters 1km away
(Price and Lent, 1972). When mountain big-
horn sheep are disturbed by low-flying aircraft,
1 in 5 individuals moves into a different habitat
type (Krausman and Hervert, 1983). Desert big-
horn sheep in the Grand Canyon also run uphill
when disturbed by helicopter or light aircraft
(Stockwell et al., 1991). Lion and buffalo run
and hide when balloons pass overhead, but ele-
phants are apparently not disturbed (Sindiyo
and Pertet, 1984).
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Aggressive Responses

Interactions between humans and wildlife are
not often reported in the popular press and
other mass media. When they are, however, the
focus is on attacks by dangerous beasts: bears
and cougar in North America, dingo and croco-
diles in Australia, Big Five in Africa. And cer-
tainly, such attacks do occur (Singer and
Bratton, 1980; Herrero and Fleck, 1990; Beier,
1991; Qui, 1996). To judge from the published
scientific literature, however, they are relatively
rare.

Aggression also appears to be strongly cor-
related with feeding. Increased aggressive
behaviour from animals subject to feeding has
been recorded for, for example, coyote in the
USA (Bounds and Shaw, 1994); dingo in
Australia; black bear in Yosemite National Park
(Herrero, 1976; Edington and Edington, 1977;
Hammitt and Cole, 1987); grizzly bear in
Yellowstone National Park (Gunther, 1992) and
Denali National Park (Albert and Bowyer,
1991); baboons in Tanzania (Wrangham,
1974); hamadryas baboon in Saudi Arabia
(Kamal et al., 1997); macaque in Thailand
(Aggimarangsee, 1993) and rock hyrax in
Tsitsikamma National Park, South Africa
(Crawford and Fairall, 1984). From personal
experience, I can corroborate aggressive be-
haviour by black bears, baboons, various mon-
keys, dingo, hyrax (on Mt Kenya) and even
small and generally inoffensive species such as
possums and gliders in Australia.

Some of the larger predatory species may
indeed attack humans as prey. This includes, for
example, the large cats such as cougar, tiger,
lion and leopard; polar bear and leopard seal;
and alligators and crocodiles. People are also
occasionally attacked and eaten by species that
eat both live prey and carrion, such as bears
and hyena.

However, many injuries to tourists by wild-
life are from entirely herbivorous species acting
defensively when approached. In several North
American towns, for example, tourists are
warned to avoid overwintering elk, which may
become aggressive. I myself have been attacked
(many years ago) by monkeys in Thailand and
by a gemsbok in Namibia, though since the
latter was a solitary individual which had lost a
horn, perhaps it was unusually aggressive.

Buffalo, rhino and elephant are amongst Africa’s
Big Five (along with lion and leopard), because
of the danger they pose to hunters and other
humans, even though they are entirely herbi-
vorous.

Food and Water

There are many instances where the behaviour
of wildlife has been modified quite consider-
ably by provision of food or water, either delib-
erate or unintentional (Doenier et al., 1997). In
some cases the opportunity to feed animals is
sold as part of the experience, though this
would not generally be viewed as ecotourism.
Other tour operators feed animals out of view
of their clients so as to increase the reliability
of sightings. Examples include wallabies in
Tasmania, and fox and polar bear in Hudson
Bay, Canada (Buckley, 2003, p. 178).

There are many more examples where ani-
mals have learnt that tourists can provide food,
either directly or through scraps, leftovers and
garbage. Examples include mice, raccoons,
coatis, elephants, macaques, baboons and
vervet monkeys (Edington and Edington, 1986;
Green and Higginbottom, 2000), and both
black and grizzly bears (Cole, 1974; Beeman,
1975; Merrill, 1978; Gilbert and Krebs, 1981;
Boyle and Samson, 1985).

In Yosemite National Park, for example,
black bears historically used to obtain up to
50% of their total food supplies from tourists
(Graber and White, 1978). Currently, education
programmes and bear-resistant garbage con-
tainers are used in protected areas throughout
bear habitat areas in Canada and the USA. In
some, such as Denali National Park in Alaska,
hikers must pass a bear safety test, which
includes food and cooking, before they receive
a backcountry permit (Buckley, 2003, p. 184).
They must also carry their food in bear-resistant
food containers issued by the parks agency.

While these programmes may be moti-
vated more by concerns over tourist safety than
wildlife or ecosystem health, there are also
instances where feeding has been shown to
affect wildlife populations. In campgrounds in
Colorado, USA, for example, the availability of
extra food leads to increased populations of
Colorado chipmunk and deer mice, though not
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of four other species studied (Clevenger and
Workman, 1977; Foin et al., 1977). In Yosemite
National Park, generalist-feeding deer mice
increase in numbers at campground sites,
whereas specialist-feeding mountain mice
decrease (Garton et al., 1977). Indirect effects
have also been recorded on occasion. Black-
buck populations in India decrease where food
is available, for example, because of competi-
tion from other species (Raman et al., 1996).
And in the Australian Alps, increases in the
introduced European fox have led to increased
predation on the native broad-toothed rat
(Green, 2003).

A range of physiological and behavioural
responses has been described. Grizzly bears
denied access to garbage, for example, have
expanded their range, suggesting that the pro-
vision of food had previously caused range
contraction (Blanchard and Knight, 1991). In
the Galapagos Islands, feeding of land iguanas
caused complete collapse of their territorial
system, leading to a failure in breeding (Harris,
1973; Edington and Edington, 1986). A review
by Boutin (1990) indicated that in 33 of 39
cases, supplementary food led to extension of
the breeding season for the species concerned.
And for California vole (Ford and Pitelka, 1984)
and Columbian ground squirrel (Dobson and
Kjelgaard, 1985), animals with extra food sup-
plies began breeding at an earlier age.

Supplementary water supplies may have
similar effects to supplementary food, espe-
cially in arid areas (Leslie and Douglas, 1980;
Edington and Edington, 1986). Artificial water-
ing can also affect herbivores by producing par-
ticularly lush vegetation, as shown for red deer
in Scotland (Watson, 1979). Supplementary
water in arid regions does generally improve
survival of herbivores (Parker and Witkowski,
1999).

Lights, Noise, Disease, Roadkill

Wildlife-watching tours in several continents,
but notably Africa and Australia, often include
spotlighting at night, both to search for noc-
turnal animals and to observe nocturnal be-
haviour by animals also active during the day.
Potential impacts include behavioural distur-
bance and disruption, especially where the

more susceptible nocturnal species are tem-
porarily dazzled. In Australia, for example,
Lindenmayer and Press (1989) have demon-
strated that spotlights do indeed affect night
vision for nocturnal marsupials. Wilson (1999)
found that reducing the intensity of spotlights
from 30W to 22.5W yielded twice as many
sightings of the ringtail possum. Wildlife may
also be affected by fixed lights, such as those on
lodges and aircraft landing fields. Potential con-
sequences, such as increased vulnerability to
predation, or disruption to breeding behaviour
or parental care, remain almost entirely unstud-
ied worldwide.

Similarly, although the reaction of various
species to noise sources such as vehicles
(Buckley, Chapter 6, this volume) and aircraft
(see above) have been documented to some
degree, the effects of noise as such (Radle,
1999), are not well known. In particular, many
animals rely on sound to communicate with
each other and to warn against predator
attacks. If these sounds are masked by human
interference, the consequences could well be
significant. In addition, many animals can hear
sounds which humans cannot (Bowles, 1995).
Some animal species use natural sounds as
development cues, and these, too, can be dis-
rupted. Spadefoot toads studied by Brattstrom
and Bondello (1983), for example, survive dry
seasons buried underground, emerging when
the sound of thunder heralds rain. Deceived by
the sound of off-road vehicles, the toads
emerged, but without water in which to survive
or breed.

Tourist traffic may be a significant contrib-
utor to roadkill in many areas (Gunther et al.,
1998; Finder et al., 1999). In Cradle Mountain
National Park, Tasmania, for example, sealing a
tourist access road allowed vehicles to travel
considerably faster, leading to complete extinc-
tion of the local population of eastern quolls,
and a 50% reduction in the local population of
Tasmanian devils (Jones, 2000). When a new
road was opened in the Warrambungle Ranges,
Australia, the entire local population of rock
wallabies became extinct (Fox, 1982). Roadkill
of grey kangaroos is also reported by Coulson
(1982) in Victoria, Australia. On a 32km stretch
of road in southern Texas, 25 bobcats were
killed by vehicles over 2 years (Cain et al.,
2003).
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In 1967, three brown bears from a total
population of 70 were killed in vehicle colli-
sions in Abruzzi National Park, Italy (Zunino
and Herrero, 1972). From 1984 to 1986, eight
black bears from a total population of 56 in
North Carolina, USA, were also killed by vehi-
cles (Hellgren and Vaughan, 1989). Roadkill
has also been recorded as a significant cause of
mortality for white-tailed deer (Finder et al.,
1999) and grizzly bears (Cole, 1974).

Individual animals may also be killed delib-
erately, whether the ‘problem bears’ of North
America which became aggressive after finding
that tourists could provide food, or the black
rhino shot by a trail guide inAfrica who was con-
cerned for the safety of his clients (Curzon,
1996). Perhaps more significant ecologically,
tourists may transmit disease to wildlife (Hall
and Dearden, 1984; Hall, 1992; Goltsman et
al., 1996). Human-transmitted disease killed a
number of habituated lowland gorillas in The
Congo (Butynski and Kalina, 1998). There are
similar concerns for chimpanzees and mountain
gorillas (Shackley, 1996; Buckley, 2003, p. 39).
Disease also seems to be more prevalent
amongst Australian marsupials subject to sup-
plementary feeding (Green and Higginbottom,
2000, 2001), although this is believed to be due
principally to stress and crowding. Of course,
wildlife can also transmit diseases to tourists,
whether rabies or hantavirus.

Predisposition

Many of the impacts and responses outlined
above may depend considerably on the history
of the individual animals concerned: whether
they have previously been hunted or harassed,
fed or merely photographed. The effects of pre-
disposition, positive or negative, have been
demonstrated for a wide range of animal spe-
cies (Tracy, 1977; Schultz and Bailey, 1978;
Boyle and Samson, 1985; Liddle, 1997). These
include, for example, various deer (Douglas,
1971; Dorrance et al., 1975; Eckstein et al.,
1979; Krausman et al., 1986); caribou (Calef,
1976); chamois (Patterson, 1989); mountain
bighorn sheep (MacArthur et al., 1982) bears
(McCullough, 1982; Jope, 1985; McLellan and
Shackleton, 1988, 1989; Fagen and Fagen,
1994; Olson et al., 1997); chimpanzees

(Griffiths and van Schaik, 1993); barbary
macaques (Oleary and Fa, 1993); the rainforest
fauna of Sumatra (Grieser-Johns, 1996); and
pygmy marmosets in Ecuador (de la Torre et al.,
2000).

Not surprisingly, animals that have been
hunted or pursued become more wary, even of
non-hunters; those that have been fed become
more tame or even aggressive; and those that
have encountered many humans with no effect,
generally learn to ignore them. This, in turn,
may have severe impacts if it makes them more
vulnerable to poachers, as for elephant in
Tanzania (Buckley, 2003, pp. 211–212) or
bears in Kamchatka, Russia (Russell and Enns,
2002; author, personal observation, 2003).

This conflict between hunting and wildlife
viewing presents difficulties in the development
of wildlife-based ecotourism in many areas.
Tour operators and guides work hard to habitu-
ate local populations for their clients, but this is
difficult where the animals are also hunted, and
dangerous if they are subject to poaching.
Examples from various regions indicate that
many mammals, like birds (Buckley, Chapter 6,
this volume) quickly learn where they are safe
from hunters. This, however, makes them all the
more vulnerable to poachers.

Different individual animals in the same
populations may have different human interac-
tion histories and hence respond differently to
a new disturbance. When a seasonally used
lodge in Alaska was occupied for longer than
usual one year, for example, individual habitu-
ated bears fished for salmon as in other years,
but non-habituated adults waited an additional
17 days before they moved to the salmon
stream near the lodge (Olson et al., 1997).
During this period, the number of juvenile
bears fishing was higher than usual, perhaps
because they are normally driven away by
adults. In Glacier National Park, USA, individ-
ual mountain goats continue to use a mineral
lick even when tourists are nearby (Pedevillano
and Wright, 1987; author, personal observa-
tion).

Energetic Consequences

Disturbance from tourism and recreation can
affect the energy balance of affected animals,
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either by increasing energy expenditure or
reducing energy intake (Moen, 1976; Parker et
al., 1984; White et al., 1999). Where the ani-
mals do not have the opportunity to compen-
sate, this may lead to death through starvation,
or to reduced breeding success. Many species
of cool temperate, arctic and alpine areas, for
example, store up food or fat reserves during
summer and deplete them gradually over
winter. If they are driven from feeding areas, or
spend more time watchful and less time feed-
ing in summer, or have to expend energy
avoiding tourists in winter, they may die. Even
if they survive, they will be less competitive
against better-fed animals in breeding popula-
tions and less able to feed and protect off-
spring.

Grizzly bears in Montana, USA, for exam-
ple, lose preferred foraging areas since they
avoid trails used by hikers (Kasworm and
Manley, 1990). Roe deer in northern Europe
have barely enough energy reserves to over-
winter (Drozdz and Osiecki, 1973), and moose
and deer which flee from orienteering events
may die (Sennstam and Stalfelt, 1976; Jeppe-
sen, 1987a,b). Elk in Yellowstone National Park
must spend 5.5% of their total daily winter
energy expenditure in moving away from cross-
country skiers (Cassirer et al., 1992). As a result
they need to eat an additional 0–3kg of dry
forage each day, but in moving away from skiers
they are forced into areas where forage is
harder to obtain. Disturbance by skiers also
reduces the energy reserves of overwintering
marmots on Vancouver Island, Canada
(Dearden and Hall, 1983).

Hibernating species, such as bats, are also
particularly vulnerable to energetic losses
(Harvey, 1975, 1980; Edington and Edington,
1977; Humphrey, 1978; Tuttle, 1979; Churchill,
1987; Speakman et al., 1991). When six species
of bat were disturbed experimentally by human
speech, lights and photography, for example,
their body temperatures increased and their
energy expenditure increased by 49 joules,
reducing total hibernating time by 4.5h (Speak-
man et al., 1991). If tourists actually touched the
bats, however, the additional energy expendi-
ture rose to 2038 J, corresponding to 104h of
hibernation time.

Breeding Populations

Tourist disturbance to breeding has been
recorded for a range of terrestrial vertebrate
species. Disruption can occur at any stage of
the reproductive cycle. Thomson’s gazelles, for
example, leave breeding areas if disturbed,
reducing their reproductive success. Tourists
disturb the social behaviour of pygmy marmo-
sets in Ecuador (de la Torre et al., 2000), and
break down the breeding territories of land
iguanas in the Galapagos Islands (Harris, 1973;
Edington and Edington, 1986). Kangaroos flee-
ing from tourists may eject their joeys from the
pouch and/or abandon them (Stuart-Dick,
1987). Female black bears disturbed by skiers
may abandon their dens and cubs (Goodrich
and Berger, 1994), and the same applies for
polar bears disturbed by oversnow vehicles or
aircraft (Amstrup, 1993). Wolves and coyotes
disturbed by tourists move their pups to differ-
ent dens (Harrison and Gilbert, 1985; Ballard et
al., 1987). For smaller species, such as mar-
mots, breeding burrows may be completely
destroyed by tourists (Mainini et al., 1993).
Offspring of various species may be separated
from their mothers, sometimes with fatal conse-
quences, when herds move in response to tour-
ist disturbance (van Lawick-Goodall and van
Lawick-Goodall, 1970; Singer, 1978; Maier et
al., 1998; Bakken et al., 1999). Egg-laying rep-
tiles, such as caiman, crocodiles and alligators,
lose their eggs to predators such as coatis, rac-
coons, baboons, hyaenas and monitor lizards
when nesting females are disturbed by tourists
(Cott, 1969; Crawshaw and Schaller, 1980;
Dietz and Hines, 1980; Jacobs and Kushlan,
1986). Gravid female rattlesnakes also show
behavioural changes if disturbed (Parent and
Weatherhead, 2000), though apparently with-
out any effect on litter size.

Conclusions

Perhaps the most remarkable feature of the
information summarized above is that there is
so little of it. There are hundreds or thousands of
wildlife species worldwide, which are watched
and approached by tourists, and most of these
species will run or hide if approached too close.
A large part of the skills of wildlife tourism
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guides is in understanding the behaviour of par-
ticular species, and indeed individual animals,
well enough to approach them without trigger-
ing either flight or attack. In addition to pub-
lished quantitative studies as above, therefore,
there is no doubt a considerable body of expert
knowledge amongst naturalists and wildlife
guides, but this remains largely unrecorded.

Many colonial burrow-dwelling mam-
mals, for example, behave in a similar way to
the marmots studied by Ingold et al. (1993) and
Dearden and Hall (1983). They use sentinels to
watch for danger and alarm signals to alert
other individuals. When alerted they look
around, move close to their burrows, and/or
take refuge underground. This applies for a
wide variety of rabbits, squirrels, gophers,
pikas, mongooses, and also more solitary spe-
cies, such as weasels, badgers and even aard-
wolf, as well as many skinks and other lizards.
Yet none of these seem to have been studied.

Likewise, there are native deer, goats,
bears, and many other species throughout Asia;
llama and vicuna in South America; marsupials
in Australia and a wide variety of game animals
throughout Africa. Many of these are significant
tourist attractions and many are also endan-
gered. Individual guides, scientists and local
residents no doubt know a great deal about
approach distances and evasive behaviour, but
nowhere does this seem to be documented.
Even journals such as the Ecological Journal
produced by Conservation Corporation Africa,
which records wildlife observations by CCA
staff, focus on the undisturbed behaviours of
the animals concerned, rather than the effects
of disturbance. This is not surprising, since CCA
prides itself on low-impact wildlife watching.
But in order to achieve that goal, its staff have
learned a lot about the response of wildlife to
approaching tourists, and this, too, deserves
documentation.

The case studies summarized above show
that disturbance need not be dramatic to pro-
duce significant ecological consequences. If
hibernating bats lose 4.5h of hibernation with
every tourist visit, then just one visit a day would
soon cause local extinction, even though the
bats show no apparent response to each visit.
Few studies, however, have quantified these
effects, or attempted to estimate their conse-
quences at population level. Decreased feeding

time, or avoidance of prime feeding areas that
are used by tourists, can tip an animal’s annual
energy balance from positive to negative. Brief
disturbance by skiers or hikers can lead denning
females to abandon an entire year’s investment
in offspring.

However, quantitative estimates such as
these seem to be the exception. In addition,
most of them are in North America. Even there,
very few species have been studied and even
for those species, there are only a few indepen-
dent studies. In the rest of the world, and for
other species, there is simply no information.

Historically, this may be since conserva-
tion biologists and animal ecologists saw the
impacts of ecotourism and outdoor recreation
as negligible compared to factors such as hab-
itat destruction, feral predators, hunting and
poaching, and disease. And, indeed, none of
those factors has decreased in importance. But
meanwhile, tourism in protected areas has
increased to the point where the impacts of
ecotourism on wildlife can no longer be
ignored.
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Introduction

A trail system that facilitates access to remote
ecotourism destinations, provides safe, high
quality recreational experiences, and concen-
trates traffic on durable treads maintained to
minimize resource degradation can only result
from professional planning and management.
This chapter outlines and reviews the essential
ingredients of trail management programmes
from a resource protection perspective. This
begins with planning considerations for select-
ing and developing a sustainable system of
trails, decision frameworks for balancing
resource protection and recreation provision
objectives, trail construction and maintenance,
and visitor management. All aspects are con-
sidered important to avoid common trail
impact problems, including unacceptable
impacts from poorly located trails, deficient
construction or trail maintenance, and lack of
trail condition standards and monitoring.

In the absence of effective trail manage-
ment, resource degradation along trails often
occurs, ranging in both type and severity.
Vegetation loss along the primary tread is gen-
erally expected but, in response to other trail
impacts (e.g. muddiness or erosion), can extend
to adjacent areas through trail widening and
braiding. Compositional changes in trailside
vegetation may also occur, including the intro-
duction and spread of invasive exotic species.

Similarly, loss of organic litter and soil, and
compaction of mineral soil, is generally
expected on designated trails, but can extend to
trailside areas or to alternative visitor-created
paths when the main tread becomes degraded.
Common problems include soil erosion that
may expose rocks and roots or create deep rut-
ting, and muddiness, including muddy treads
and mud-holes with standing water. Trail widen-
ing and braiding generally follow – avoidable
resource impacts that can substantially expand
the cumulative spatial extent of disturbance.
Other impacts include sedimentation of water
resources (Fig. 13.1) and disturbance of wildlife.
More extensive reviews of these impacts and
the trail degradation literature are provided by
Cole (1987), Leung and Marion (1996, 2000),
Liddle (1997), Hammitt and Cole (1998) and
Newsome et al. (2002).

Trail Planning

The management of environmentally sustain-
able trails begins with preparation of a trail
system plan that provides direction and guid-
ance to all trail management decision-making.
An exceptional trail plan should address four
general topics: (i) management guidance, in-
cluding goals, objectives and desired resource
and social condition statements; (ii) identifica-
tion of a decision-making framework, including
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indicators, standards, monitoring methods and
alternative management actions; (iii) evaluation
of existing trail resources in light of administra-
tive and recreational needs intended for the trail
system; and (iv) description of the actions and
resources necessary to develop and manage the
trail system (see Table 13.1). Developed for a
World Heritage area, Tasmania Parks and
Wildlife Service (1998) provides a good exam-
ple of what a comprehensive trail management
plan might include.

General planning guidance can be found by
contacting major land management agencies,
guidance specific to trails is provided by Flink
and Olka (2000) for urban/suburban multiple-
use trails, by Birchard and Proudman (2000) and
Demrow and Salisbury (1998) for backcountry
trails, and by Vogel (1982) for equestrian trails.
An important step omitted in many trail plans is
the specification of prescriptive management
objectives and desired resource and social con-
ditions for the trail system, generally by manage-
ment zone (NPS, 1998). Application of zoning
allows different classifications of guidance for
social, physical and managerial settings and spa-
tial segregation of conflicting uses (Forest
Service, 1982). For example, zone ‘x’ will pro-
vide for low-intensity human-powered activities

on primitive trails with few facilities and pristine
resource conditions, while zone ‘y’ will provide
for high use, including equestrians, on desig-
nated routes with crushed stone (aggregate) sur-
facing, bridges for stream crossings, and
allowance for greater levels of resource degrada-
tion. Comprehensive and specific desired condi-
tion statements provide improved management
guidance, particularly for identifying the type
and extent of trail development, justifying re-
quests for additional resources, or need for con-
troversial management actions.

Desired resource and social conditions
can be sustained by employing planning and
decision frameworks such as the Limits of
Acceptable Change (LAC) (Stankey et al., 1985;
NPS, 1997a,b; Farrell and Marion, 2002). These
permit inclusion of indicators and standards of
quality, and monitoring to gauge management
success in achieving prescriptive objectives.
Conditions that exceed management standards
prompt an evaluation of the impact problem
and selection and implementation of corrective
actions (Anderson et al., 1998). Omitting this
step and these frameworks greatly increases the
subjectivity of management decisions and can
permit a spiralling decline in social and
resource conditions beyond acceptable levels.
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Fig. 13.1. Erosion of soil into a stream, Big South Fork National River and Recreation Area, USA.

BUCKLEY MAKE-UP  23/6/04  10:32 AM  Page 230



An exceptional trail is almost always the
result of good planning, one designed to meet
the specific requirements of its intended types
and amounts of recreational uses, level of diffi-
culty, and physical characteristics of the land
(Hesselbarth and Vachowski, 2000). Unfortu-
nately, most protected area managers inherit a
trail system opportunistically patched together
from a network of old roads and trails with
varied origins and purposes. Many trails were
visitor-created, others were constructed for log-
ging, fire fighting, or to provide vehicular
access to remote locations. Few were designed
as recreational trails, and most were probably
not carefully planned and constructed to sus-
tain high use, limit resource degradation, or

fulfil recreation objectives (Leung and Marion,
1996). Furthermore, managers often find they
have more trails than are truly needed or that
can be maintained in acceptable condition.

These issues are best addressed through a
trail system assessment process, conducted to
evaluate existing trails for suitability and reten-
tion in a formal trail system. We suggest a three-
tiered approach, beginning with a fatal flaw
analysis to omit trail segments that are inher-
ently harmful to natural or cultural resource
protection. This evaluation is designed to iden-
tify trails that could threaten sensitive flora,
fauna, cultural/historic sites, contain significant
degradation requiring expensive re-routes or
reconstruction work, or include significant
public safety hazards. Next, trail suitability can
be evaluated from an array of perspectives,
including needs for administrative and public
access to backcountry features and locations,
and recreational objectives for different zones
and visitor activities. Finally, ground-based
technical assessments of trail suitability based
on existing trail locations, construction meth-
ods, maintenance and resource conditions can
identify those trails most able to sustain heavy
recreational traffic with limited maintenance.

Trails found to be unsuitable from such
reviews may be unnecessary, while others will
require re-routeing, reconstruction, or mainte-
nance to be included in a formal trail system. In
spite of the controversial nature of such deci-
sions, we emphasize that closing trails that
threaten resource protection objectives, are
unnecessary, highly degraded, unsafe, or
unsuitable is more professionally responsible
than leaving them open to continued use and
degradation. Trails intended for inclusion
within the system should not be reopened until
needed re-routeing or reconstruction work is
completed. A negative public response may
even be useful in garnering additional funding
to construct and maintain an improved trail
system.

Trail Location and Design

Many trail impact problems are the result of
poor planning and location rather than higher
impacting types or amounts of use (Cole, 1987;
Leung and Marion, 1996, 2000). Many trails
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Table 13.1. Elements of a potential trail plan.

Goals, prescriptive objectives, and specific
desired resource and social condition statements
for the trail system and zones related to
recreational opportunities and resource conditions

Evaluation and specification of appropriate
recreational opportunities

Incorporation/description of a decision-making
framework to guide and justify management
actions

Identification of indicators, standards and
monitoring protocols needed to sustain high-
quality resource conditions and recreational
experiences. Description of alternative
management actions that may be applied to
achieve desired conditions

Inventory of existing trails and roads for their
suitability to sustain intended types and amounts
of uses. Consider management zoning;
environmental sensitivity; recreational and
administrative needs; distribution, design and
condition of existing trails; and facility/
maintenance features

Evaluation of proposed uses in relation to the
existing network, to identify deficiencies.
Description of the actions and resources
necessary to address deficiencies (e.g. new trail
construction, reconstruction, relocations) and to
manage the proposed trail system (e.g. support
trail maintenance and visitor management)

Trail standards specifying the general level of trail
development, including tread widths, substrates,
grades, difficulty, maintenance features, and
corridor width and height
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have sections ranging from good to poor condi-
tion, yet each trail likely receives the same
types and amounts of use. Thus, problems like
muddy soils or eroded treads are primarily a
function of trail routeings through wet soils or
up steep slopes. Applying tread reconstruction
and maintenance solutions to such problems
can be expensive, effective for only a short
time, and give the trail a more ‘developed’
appearance that can alter the nature of recrea-
tional experiences. Short trail re-routes or larger
relocations are a more effective long-term solu-
tion for sustaining traffic while minimizing
resource impacts and maintenance. The follow-
ing topics highlight some important trail loca-
tion and design considerations to promote
sustainable trail development.

Trail grade

An important goal of trail layout and design is
to minimize the number of tread structures (e.g.
drainage features, steps, tread armouring) and
tread maintenance (Birchard and Proudman,
2000). The most important design specification
for limiting soil erosion is keeping trail grades
below 10% (Hooper, 1988) or 12% (Agate,
1996; Hesselbarth and Vachowski, 2000). A
design grade of less than 9% is recommended
for equestrian trails (Vogel, 1982). Crushed
stone (aggregate) will migrate downslope at
unacceptable rates when applied to trail grades
over 8% (The Footpath Trust, 1999). Trail seg-
ments with steeper grades should be re-routed
wherever possible, particularly those receiving
moderate to heavy use. When topographic fea-
tures prohibit relocation, more extensive tread
work, involving steps, drainage and armouring
with rock (stone pitching), will be essential to
prevent excessive erosion.

Slope alignment angle

The orientation of the trail to the prevailing
slope, termed slope alignment angle, deter-
mines the ease with which water can be
removed from a trail (Leung and Marion, 1996).
Trails that directly ascend a slope have a low
slope alignment angle (irrespective of trail
grade) and will be difficult or impossible to

drain water from if they become incised (Fig.
13.2). Re-routeing these sections is generally
the most effective long-term solution. Sidehill
trails on the contour or at oblique orientations
(45–90°) are easily drained to minimize muddi-
ness and erosion, and their steeper sideslopes
confine use to a narrow tread.

Stream crossings

A good trail design will minimize the number
of stream crossings and carefully plan the loca-
tions where crossings are necessary. Trails
approaching stream crossings often directly
descend steep slopes and are prone to erosion,
the sediments from which can drain into
streams (Fig. 13.1). The employment of a side-
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Fig. 13.2. It is impossible to drain water out of this
entrenched trail in Zion National Park, USA, due to
its low slope alignment angle. Re-routeing is
recommended to avoid the need for extensive
tread work involving erosion control measures and
steps on the existing alignment.
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hill design across slopes permits control of trail
grades and drainage. Adequate tread drainage
in the vicinity of streams prevents the buildup
of larger, more erosive volumes of water. Tread
outsloping is a recommended tread drainage
method near streams, because runoff is slowed
and evenly distributed, allowing adjacent
organic litter and vegetation to filter out soil
particles before reaching streams. Bridges are
also critical resource protection facilities on
horse and motorized trails, uses that are more
apt to loosen tread soils, making them more
susceptible to erosion.

Soil type/limitations

Soil properties, including soil wetness, texture,
structure and depth, influence the ability of soil
to withstand a given type and amount of traffic
(Demrow and Salisbury, 1998; Scottish Natural
Heritage, 2000). Avoid soils that are seasonally
wet and poorly drained, or be prepared to
employ trail construction techniques such as
boardwalks, turnpikes, causeways, puncheon
or geosynthetics to sustain traffic and avoid
muddiness (Hesselbarth and Vachowski, 2000).
Loam and sandy-loam soils, because of their
even mixture of silt, clay and sand, provide the
fewest limitations for trails (Demrow and
Salisbury, 1998; Hammitt and Cole, 1998).
Removal of organic litter and soils during trail
construction to expose underlying mineral soil
creates a more durable tread, less prone to
muddiness. Rock and gravel in the mineral soil
further strengthens them to support heavy traf-
fic while resisting erosion and muddiness.
Where possible, avoid soils high in silt and clay,
which become muddy when wet, or cracked
and dusty when dry.

Soil depth to bedrock of greater than 1m is
preferred – shallower soils may become satu-
rated and subject to muddiness. Extremely thin
soils in alpine terrain are easily eroded, so con-
tain traffic on clearly marked treads (Demrow
and Salisbury, 1998). Repeated traffic will alter
soil structure, compressing the arrangement of
soil aggregates and decreasing air and water
infiltration (Pritchett, 1979). However, com-
pacted treads provide a more stable and resistant
surface, which sheds water to resist muddiness
and minimizes the potential for soil erosion.

Sensitive resource considerations

The critical habitats of rare, threatened and
endangered plants and animals, or sensitive
resources, such as fragile vegetation, important
wildlife habitat or irreplaceable archaeological
or cultural sites, are best protected through
their avoidance. Routeing trails away from such
areas is preferable, unless they are an appropri-
ate destination for visitors. In such cases,
employing boardwalks and railings can protect
resources while permitting visitor access.

Design for special uses

Special uses, particularly more impacting
motorized or horse traffic, require special
design considerations. These include, for exam-
ple, tread surfacing with crushed stone (Fig.
13.3), wider trails and cleared trail corridors, a
wider radius at turns, hitching posts, and stag-
ing areas for loading/unloading animals or
equipment and parking trailers. Parking capac-
ity can be limited to the capacity of the trail to
sustain the planned types of uses. Refer to
the following, more specialized references for
further guidance (Vogel, 1982; Keller, 1991;
McCoy and Stoner, 1991; Wernex, 1993).

Trail Construction

Sidehill trails

Trails with a high slope alignment angle (sidehill
trails) are always the most preferred design
(Birchard and Proudman, 2000) (Fig. 13.3b). A
properly constructed sidehill trail design allows
the greatest control over trail grades and effec-
tively minimizes the most common and signifi-
cant trail degradation problems: tread erosion,
muddiness, widening, and secondary treads
(Agate, 1996; Demrow and Salisbury, 1998;
Birchard and Proudman, 2000; Hesselbarth and
Vachowski, 2000). However, sidehill construc-
tion is more difficult, particularly on steep slopes.
The amount of excavation on slopes greater than
50% is considerable and treads will slump or
erode unless shored up with retaining walls
(Birchard and Proudman, 2000). Regardless, the
benefits of avoiding or minimizing future

Environmentally Sustainable Trail Management 233

BUCKLEY MAKE-UP  23/6/04  10:32 AM  Page 233



resource degradation and the cumulative costs of
repetitive short-term maintenance clearly make
sidehill trails the preferred design for resource
protection and sustainable use.

Sidehill trail construction requires excavat-
ing the trailbed into the slope to create a gently
outsloped bench. A trail crossing slopes up to
10% may require only the removal of organic
litter and soils to expose mineral soil, which
will remain drier and is more resistant to traffic
than organic materials. Sideslopes of 10–30%
can employ a half-bench design, where half the
tread rests on original mineral soil exposed by
excavation and half is on compacted mineral
soil dug from upslope (Hesselbarth and
Vachowski, 2000). A three-quarter or full-
bench construction will be more sustainable
and is preferred, particularly on slopes above
30%.

Outsloping treads 5% (2.5cm drop for
every 46cm of width) during construction

allows water to drain across and off the tread,
rather than accumulate and run down the trail
to erode soil (Hooper, 1988; Birchard and
Proudman, 2000). However, natural processes
and trail use eventually compromise tread out-
sloping, so additional measures are needed to
remove water from treads.The most effective and
sustainable method for removing water from
trails is the Coweeta or grade dip, also known as
terrain dips or rolling grade dips (Birchard and
Proudman, 2000; Hesselbarth and Vachowski,
2000). These are constructed by reversing the
trail’s grade periodically to force all water off the
tread. These must be planned during initial con-
struction so that a descending trail’s grade levels
off and ascends for 3–5m before resuming its
descent. A sufficient frequency of grade dips,
particularly on steeper trail grades and in mid-
slope positions, is necessary to prevent the accu-
mulation of sufficient water to erode tread
surfaces.Additional methods for removing water
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Fig. 13.3. (a) Extensive rockwork and application of gravel are employed to sustain traffic in
reconstructing this highly used trail at Acadia National Park, USA. (b) While gravel can be visually
obtrusive when initially applied, over time it sinks in and combines with soil to produce the highly
resistant tread shown on this trail in Shenandoah National Park, USA.

(a) (b)
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on previously constructed trails are described
under Trail Maintenance.

Techniques for wet soils

Areas with wet soils require more expensive ini-
tial construction and continuing maintenance
and should be avoided whenever possible.
When wet soils do need to be traversed, large
stepping stones are a preferred method for short
stretches, including small stream crossings.
Constructing parallel drainage ditches can also
be effective by draining water away from tread
soils. More expensive options include turnpike
and puncheon construction, which elevate the
trail above wet ground. A turnpike is con-
structed by placing mineral soil excavated from
two parallel trailside ditches between rows of
rot-resistant logs or rocks (Steinholtz and
Vachowski, 2001). Geosynthetics (described in
a following section) can be used under the fill
material or to encapsulate gravel or rock to
improve drainage and trafficability (Monlux and
Vachowski, 2000). Puncheons are elevated
wooden walkways ranging from primitive bog
bridging (Demrow and Salisbury, 1998) to more
elaborate structures with wooden stringers and
decking (Steinholtz and Vachowski, 2001).
Puncheon has much higher initial and recurring
costs, so it is generally used only in locations
where suitable mineral soil or gravel is unavail-
able for turnpike construction (Birchard and
Proudman, 2000). Puncheon must also be well-
anchored in areas prone to flooding and may
burn during dry season forest fires. More elab-
orate elevated boardwalks and bridges are
required when deeper water or ravines must be
traversed (Steinholtz and Vachowski, 2001).

Tread hardening

A number of tread-hardening techniques may
also be employed during original trail con-
struction or during subsequent reconstruction
and maintenance. Wet soils can be capped
with crushed stone or excavated and replaced
with crushed stone or other suitable fill
material (Meyer, 2002). Large stones are often
used to form a stable base in wet soils, often
capped with crushed stone and ‘crusher fines’

or ‘whin dust’ (screened material less than 6
mm) to provide a smoother tread surface that
can be periodically hand or machine graded
(Scottish Natural Heritage, 2000). In Scotland,
aggregate placed on top of geosynthetics has
been used to effectively ‘float’ trails over deep
peat substrates (Bayfield and Aitken, 1992; The
Footpath Trust, 1999). Even soils that are not
seasonally wet may require capping with
crushed stone to create a tread surface capa-
ble of sustaining heavy horse or motorized
traffic.

Special measures are required when trails
must be constructed with grades over 10%.
Wood or rock staircases (Fig. 13.4) and fea-
tures for removing water from trail treads are
critical. Regardless of construction materials,
steps must be stout, well-anchored and immo-
bile to sustain heavy traffic. Broken rock
makes the most suitable fill material above
steps, as angular edges interlock yet allow
drainage, providing a stable base for soil or
crushed stone tread substrates. Water must be
removed from treads quickly to prevent its
buildup and erosive force. Outsloped treads,
or alternating steps with water bars, are two
common methods. Trails with low slope align-
ment angles must have extensive rockwork
armouring with little exposed soil, or severe
erosion is inevitable.

Other options for steep slopes include
aggregate with rock anchors positioned flush
with the path surface to prevent the downward
migration of gravel (The Footpath Trust, 1999).
Rounded (natural) gravel has little cohesion,
requiring closely spaced anchors and limiting its
application on steeper grades. Angular crushed
stone with crusher fines included contains a mix
of particle sizes that pack tightly to form a hard,
durable surface when dry (Fig. 13.3a). With a
sufficient number of stone anchors and ade-
quate drainage, crushed stone can be applied to
slopes up to 16% (Bayfield and Aitken, 1992;
The Footpath Trust, 1999). Stone-pitched paths,
consisting of well-anchored rockwork across
the entire tread surface, are another alternative
for steep slopes (The Footpath Trust, 1999).
Additional options for exceptionally steep
pitches include crib ladders, pinned rock or
wooden steps, log ladders, and even wooden
staircases constructed from dimensional lumber
(Demrow and Salisbury, 1998).
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Geosynthetics

Monlux and Vachowski (2000) and Bayfield
and Aitken (1992) describe a diverse array of
geosynthetics that are available to enhance the
effectiveness of construction methods and
reduce the amount of fill material needed:

• Geotextiles – construction fabrics made
from long-lasting synthetic fibres, primarily
used for separation and reinforcement.They

support loads through tensile strength and
allow water, but not soil, to pass through.

• Geonets – composite materials with a thin
polyethylene drainage core sandwiched
between geotextile layers. These can pro-
vide separation, reinforcement and drain-
age.

• Sheet drains – similar to geonets but more
rigid and with a wider egg-crate shape to
enhance drainage. Less fill is needed due
to their greater rigidity.
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Fig. 13.4. (a) A rock staircase was constructed to replace several damaging and eroded visitor-created
trails on these Mayan ruins at Altun Ha, Belize. (b) A wooden staircase prevents erosion while permitting
access to a waterfall at the Monteverde Cloud Forest Reserve, Costa Rica.

(a)

(b)
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• Geogrids – polyethylene sheeting config-
ured into an open grid with high tensile
strength. They are used for reinforcement
and often placed on top of a layer of geo-
textile to provide separation.

• Geocells – polyethylene strips bonded
together to make a three-dimensional hon-
eycomb structure. Fill material placed
within the cells stabilizes and reinforces
soil by confining substrates in cells to pre-
vent lateral movement.

• Turf reinforcement – semi-rigid three-
dimensional products designed for instal-
lation at or near the soil surface to
reinforce vegetation mats and increase
resistance to shear stress. These ‘wear-and-
carry’ surfaces can be used in porous pave-
ment systems.

Geosynthetics are particularly effective in
increasing the trafficability of treads in wet soils
(Fig. 13.5) (Meyer, 2002). Due to their tensile
strength and/or rigidity, these materials increase
the substrate’s load bearing capacity by distrib-
uting loads over a larger area (Meyer, 2002).
Geosynthetics are also available for limiting ero-
sion on steep slopes, though none were found

that are specifically designed or recommended
for supporting trail traffic. Two-dimensional nat-
ural fibre and synthetic mats can be applied over
soil to retard erosion and enhance vegetative
growth. Three-dimensional geosynthetics can
be filled with soil to stabilize and reinforce steep
slopes and protect vegetative growth. Experi-
mentation and research is needed to evalu-
ate the efficacy of alternative geosynthetics
employed to stabilize recreational trail surfaces
with grades in excess of 8%. Regardless, the high
cost of geosynthetics will generally restrict their
use to problem areas where other practices have
been ineffective.

Reinforcing/augmenting soil structure

Materials can also be added to existing tread
substrates to improve their engineering charac-
teristics (Bayfield and Aitken, 1992; Meyer,
2002). Chemical binders are commercial liquid
concentrates formulated to increase the den-
sity, cementation, moisture resistance, bearing
and shear strength, and stability of compacted
earth materials. These include organic products
(e.g. Road Oyl, Stabilizer), and latex polymer
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Fig. 13.5. Geosynthetics are applied on this trail in the Daniel Boone National Forest, USA, to improve
trafficability for all-terrain vehicles and horses.
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products (e.g. PolyPavement, Soil Sement)
(Bergmann, 1995; Meyer, 2002). Physical bind-
ers are fine-textured native soils that can be
mixed with coarsely textured aggregate to fill
voids and help ‘bed’ the larger material.
Examples include Bentonite, a natural clay
material, and class C Flyash, a powdery by-
product from coal combustion, containing
quicklime, that reacts chemically to cement
soil or crushed stone particles.

Trail Maintenance

Trail maintenance work addresses post-
construction trail management needs – from
routine maintenance to the resolution of
severely degraded treads. First, analyse and
understand the root cause of existing problems,
such as perennially wet soils, low slope align-
ment angles, steep grades, lack of tread drain-
age features, or heavy traffic (Bayfield and
Aitken, 1992). Take a long-term perspective
and consider whether the trail should be relo-
cated to avoid future degradation and repetitive
high maintenance, or if tread reconstruction,
drainage work or hardening will suffice.
Options such as seasonal or type-of-use restric-
tions and controlled (restricted) use should also
be considered (Meyer, 2002). Also recognize
that resolving problems with wet soils, deeply
incised treads, or uneven tread surfaces will
likely also reduce associated problems with
trail widening and braiding.

Tread shaping

Over time, trails will often lose their con-
structed cross-sectional ‘shape’ or ‘profile’.
Most trail treads are constructed with outsloped
treads, but soil, rock and organic material gen-
erally accumulate along both sides of trails,
causing water to run down the trail and erode
tread substrates. Slough material on the up-
slope side of the trail should be removed and
the original outsloped tread surface should be
re-established (Birchard and Proudman, 2000).
Berm material on the downslope side should
also be cleared when present, allowing water to
more quickly move across and off the tread.
Non-organic slough and berm material may be

used to fill in eroded ruts, or over exposed roots
and rocks. Some trails are insloped to a ditch
and others, particularly in flat terrain, are
crowned – re-establishing and maintaining
these profiles are critical to removing the ero-
sive effects of water from trails.

Treads may also creep downhill from their
original alignments. Trail creep is caused by a
natural tendency for trail users to travel the
downslope edges of side-hill trails (Hesselbarth
and Vachowski, 2000). Trails should be
returned to their original alignments through
side-hill tread reconstruction work and by the
strategic placement of embedded anchor rocks
on the downhill edges of trails. Trail users will
seek to avoid the rocks, centring their use along
the tread. Crib walls to support treads may be
necessary for sections that traverse particularly
steep slopes.

Tread shaping can also address problems
with trail widening and development of multi-
ple treads. Both problems generally occur in
flatter terrain in places where woody trailside
vegetation provides insufficient deterrence.
Reshape treads to improve their trafficability
while piling rocks and woody debris along
braided treads to discourage further use and
prevent erosion. Strategic, yet naturally appear-
ing, guide rocks can also be embedded along
trail edges, particularly adjacent to drainage
features, to confine traffic to the designed tread
width. Lining the tread with rock scree in alpine
areas may appear artificial but will be more
effective in containing traffic to a single narrow
tread than a trail marked with cairns (Demrow
and Salisbury, 1998). If such measures are inef-
fective, consider relocating the segment out of
flat terrain where possible.

Surface water control

Two of the very worst trail problems, soil ero-
sion and muddiness, are caused by water accu-
mulating on trail treads. Water removal should
be a top trail maintenance priority, one that
cannot be deferred without the potential for
suffering significant long-term and, possibly
irreversible, trail degradation. Grade dips and
tread outsloping are the best and most sustain-
able methods for water removal – both should
be original design features and may be difficult
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to add during routine trail maintenance work
(Hesselbarth and Vachowski, 2000). Subse-
quent trail maintenance seeks to enhance the
ability of natural features, or to construct and
maintain artificial features that divert water
from tread surfaces. Natural features may be
roots, rocks, or low points where water can be
drained from the trail. Minor ditching at these
sites can increase their ability to remove water.
Some authors refer to these as ‘bleeders’
(Birchard and Proudman, 2000). Artificial tread
drainage features include water bars and drain-
age dips, which are designed to intercept and
drain water to the lower sides of trails.

Numerous authors provide guidance on
the installation and maintenance of water
bars and drainage dips (Agate, 1996; Demrow
and Salisbury, 1998; Birchard and Proudman,
2000; Hesselbarth and Vachowski, 2000). The
US Forest Service (1984, 1991) provides spec-
ifications for these installations and other trail
construction techniques. Key considerations
include their frequency, trail angle, size and
stability. Water bars may be constructed of rock
or wood, including a wheel-friendly design
with a protruding flexible rubber strip bolted
between buried treated lumber (Birkby, 1996).
Drainage dips are shallow angled channels dug
into the tread to drain water with an adjacent
downslope berm of soil to increase their effec-
tiveness and longevity. US Forest Service guid-
ance specifies tread drainage frequencies
based on trail grade and soil type; for example,
every 30m for loam soil at 6% grade, every
15m for loam soil at 10% grade, and every 45
m for clay soil at 10% grade (Forest Service,
1991).

The angle at which water bars and drain-
age dips are installed relative to the trail align-
ment is also critical. An angle of 45–60°
ensures that water will run off the trail with suf-
ficient speed to carry its sediment load
(Hesselbarth and Vachowski, 2000). Larger
angles will cause water to pool first, dropping
sediment loads and filling in drainage chan-
nels. Cleaning and reconstruction of tread
drainage features must be done one to three
times/year to maintain their effectiveness.
Effective water bars must be of sufficient length
to extend across the trail and be anchored
beyond tread boundaries. This will discourage
trail users and surface water from seeking to

circumvent the drainage feature. For log water
bars, a diameter of >6 inches (15.2cm) allows
2–3 inches (5.1–7.6cm) to be embedded, with
sufficient above-ground material left to divert
water from larger storm events. Stability is also
critical, rock and wood water bars must be suf-
ficiently anchored to sustain heavy traffic from
hikers or horses.

Publications from England and Scotland
(Agate, 1996; The Footpath Trust, 1999) place
an emphasis on designing an integrated trail
drainage system that includes off-path drainage
with ditching, culverts and stone cross-drains
or culverts, and on-path drainage with stone
cross-drains, stone water bars, and Letts drains
(bleeders). Though used less frequently, drain-
age ditches, check dams and culverts can be
important elements of a water drainage and
erosion control system. Their use is described
best by Birkby (1996) Hesselbarth and
Vachowski (2000), and Birchard and Proudman
(2000).

Vegetation management

Sustained vegetation management efforts are
essential to the utility, safety and natural condi-
tion of trail corridors. Annual vegetation clear-
ing maintains an open and passable trail
corridor. Hazard trees and tree falls can be haz-
ardous to the safety of trail users and when not
cleared, also promote trail widening and braid-
ing. Proper vegetation clearing to design dimen-
sions can centre and constrain traffic to a
specified tread width. Management of exotic
plant populations along trail corridors is also an
increasing activity and concern in the USA.

Visitor Management

While natural processes can degrade trails
that receive no use, visitor traffic breaks down
protective vegetative and organic cover, exac-
erbates muddiness and increases tread sus-
ceptibility to soil erosion. Trail management
therefore necessarily includes managing the
type, amount, behaviour and timing of visitor
use, to ensure resource protection. We provide
a limited summary of this topic here and direct
readers to more comprehensive treatments in
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the literature: Manning (Chapter 16, this book),
Cole et al. (1987), Anderson et al. (1998),
Leung and Marion (2000), and Hendee and
Dawson (2002).

Trampling research has shown that the
majority of resource impact on trails, excepting
construction, occurs with relatively low use
levels (Cole, 1987; Leung and Marion, 2000).
Above moderate-use levels, the per capita
impact associated with increasing visitation
diminishes substantially, so dispersing or
restricting use to control trail impacts may be
an ineffective management strategy. Some
exceptions include higher impact types of use
(e.g. horses or motorized uses) and trail use
during wet seasons. For example, the substan-
tially greater susceptibility of trails to muddi-
ness and erosion during wet seasons has led
some managers to issue wet-weather restric-
tions on all or certain types of trail uses.

Trail impact research has revealed the
importance of numerous other factors that are
as, or more, important than use level in deter-
mining trail conditions (Cole et al., 1987;
Leung and Marion, 1996). These include trail
grade, slope alignment angle and construction
and maintenance work, that are reviewed in
this chapter, and rainfall, infiltration rates and
vegetation type, that are not (see Leung and
Marion, 1996).

Special management of visitor uses that
have a greater potential to degrade trails is gen-
erally necessary to minimize resource impacts.
For example, horse users may be restricted to a
subset of trails specially selected, constructed
and maintained to sustain that type of use (for
further discussion see Chapter 5, this volume).

Higher-impacting visitor behaviours may also
be modified to minimize impacts, through vis-
itor education or regulation. Examples include
Leave No Trace skills and ethics (http://
www.LNT.org), educational messages that pro-
mote staying on and travelling down the centre
of designated trails, or regulations prohibiting
livestock grazing or requiring use of weed-free
feed (Hendee and Dawson, 2002).

Educational or regulatory actions may also
be implemented to avoid or lessen recreational
conflicts or crowding (Anderson et al., 1998).
Conflicting uses may be separated by travel
zone or trail, incompatible uses may be
restricted or prohibited (Cole et al., 1987).
Similarly, amount of use on trails or within
zones may be influenced or regulated to
achieve different use levels, providing solitude
in some areas and higher density use in others
(Manning, 1999).

Trail Surveys: Maintenance Needs,
Conditions and Use

Several types of trail surveys can yield informa-
tion of value to trail managers, including basic
trail inventories, prescriptive work logs, trail
condition monitoring and use assessments
(Table 13.2). The most basic of these is the trail
system inventory, generally accomplished with
a measuring wheel or global positioning system
(GPS) unit to gather basic data about trail loca-
tion, physical or maintenance attributes, and
condition (Fig. 13.6a). A prescriptive work log
survey can document the work and materials
needed to address trail impacts or facility
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Table 13.2. Description and purpose for four trail survey methods.

Survey type Description and purpose Citations

Trail inventory Document general physical attributes (e.g. location, Cole (1983), Williams
lengths, trail features) and/or trail conditions and Marion (1992)

Prescriptive work log Identify tread deficiencies and prescribe engineering Williams and Marion
solutions to direct work crews and provide cost and (1992), Demrow and
staffing estimates Salisbury (1998)

Trail condition Systematic procedures for assessing trail conditions Cole (1983), Leung and 
monitoring to monitor trends, understand trail degradation and Marion (1999), Marion 

assess efficacy of management actions and Leung (2001)
Use assessment Assesses types and amounts of trail uses Hollenhorst et al. (1992),

Watson et al. (2000)
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needs, but requires the expertise of an experi-
enced trail maintainer. Monitoring surveys peri-
odically apply standardized trail condition
assessment procedures to document and track
trail degradation (Fig. 13.6b). Carrying capacity
decision frameworks require such data to eval-
uate indicator standards of quality. Use assess-
ment surveys can provide information about
visitor use on trails: types, amounts and spatial/
temporal distribution. All of these types of infor-
mation can assist managers in professionalizing
their trail planning, management and decision-
making.

Conclusion

This chapter has reviewed trail impacts and
management practices with an emphasis on
professional trail planning and management.
Trails able to sustain heavy tourism use will
require planning, careful location and con-
struction, visitor management, and an ongoing
programme of maintenance. Successful trail
management programmes require all of these
elements. Trails that are poorly located will
either require prohibitive development and
maintenance to protect natural resources, or
will quickly degrade to a state that is both diffi-
cult and unsafe for intended uses. Similar con-
sequences will occur on trails that are properly
located and constructed but that lack a sus-

tained programme of maintenance and/or visi-
tor management. And management of trail sys-
tems in the absence of decision frameworks
with indicator standards and monitoring pro-
grammes run the risk of permitting long-term or
irreversible degradation, unsafe use and a
declining quality of visitor experiences.

Fortunately there is a substantial and grow-
ing literature on trail planning and management
that can aid ecotourism and protected area
managers in professionalizing their trail-
management programmes. We sought to high-
light the core attributes of an exceptional trail
management programme and to introduce read-
ers to available literature in this chapter. With the
continued growth of tourism visitation world-
wide, improved trail management is becoming
critical at most high-use tourism destinations.
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Introduction

Overnight accommodation is an essential ele-
ment of ecotourism experiences in natural and
protected areas. A wide variety of forms of eco-
tourism accommodation exist, ranging from
primitive campsites to vernacular eco-lodges
(Gardner, 2000). For developed or permanent
accommodation structures such as eco-lodges
and buildings, environmental impacts are pri-
marily a result of facility construction and
operations. In particular, site selection and con-
struction, solid waste disposal and sewage
treatment are often major environmental man-
agement issues (Tribe et al., 2000; Mehta et al.,
2002). Impacts induced by visitor activities at
these hardened sites are generally minimal. An
area’s management objectives and funding/
staffing resources largely determine the appro-
priateness and feasibility of providing devel-
oped structures and facilities.

In contrast, environmental impacts at
primitive campsites, car campgrounds or at
primitive camping structures often result from
visitor activities and behaviour associated with
site creation and use, including the prolifera-
tion and expansion of disturbance at these sites,
vegetative and soil impacts, pollution of water
resources, and disturbance of wildlife. This
chapter addresses management of resource
impacts on overnight sites for ecotourists with
no or minimal construction of permanent struc-
tures (hereafter referred to as ‘campsites’).

The Significance of Camping Impacts

Campsites play an important role in protecting
natural resources while providing comfortable
places for overnight visitation. Visitors often
prefer that campsites be attractive, relatively
accessible, close to water sources, have ade-
quate space and flat surfaces for tents, a place to
cook or have a campfire, and privacy from other
visitors (Brunson and Shelby, 1990). In contrast,
managers prefer that campsites be located on
resistant surfaces away from water resources and
other campsites (Marion et al., 1993).

Camping-related impact problems fre-
quently occur in areas that receive intensive
camping activities. Common forms of impact
include campsite proliferation (increasing
number of sites), expansion of campsite size,
tree damage, disturbance or loss of vegetation
cover, degradation of soils and soil fauna, and
improperly disposed human waste. These prob-
lems have been reported in both North
American protected areas and ecotourism des-
tinations (Obua, 1997; Zabinski and Gannon,
1997; Gajda et al., 2000; Leung and Marion,
2000). In the USA, camping-related impacts
are a major concern among national park man-
agers (National Park Service, 2001). Compared
to other types of human impact, the aggregate
extent of campsite-related impacts are usually
less than 1% of the total park area (Leung and
Marion, 2000; Cole, 2002). Nevertheless,
camping has the potential for generating
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substantial impacts to the environment due to
the nature and high intensity of activities, such
as trampling, campfires and firewood collec-
tion (Hammitt and Cole, 1998; Newsome et al.,
2001). Campsite impacts also have social sig-
nificance as ecotourists spend a substantial
amount of time on and around campsites. A
number of recent studies have also identified
that degraded campsite conditions can dimin-
ish the quality of visitor experiences
(Roggenbuck et al., 1993; Chin et al., 2000;
Hillery et al., 2001).

Management Objectives and
Decision Making

In order to manage campsite impacts effec-
tively, management objectives must be clearly
defined. Common protected area management
objectives call for minimizing the aggregate
spatial extent of inevitable ground disturbance
associated with camping, particularly the loss
of vegetation cover and organic materials
which results in exposure of mineral soil.
Common management problems associated
with these objectives are campsite proliferation
and campsite expansion. Other important man-
agement objectives include the avoidance of
unnecessary or avoidable impacts, such as
damage to trees and pollution of water
resources. Common management problems

associated with these objectives include camp-
fire-related impacts and improperly disposed
human waste. Finally, management objectives
frequently call for the provision of high-quality
recreation experiences and social conditions.
Thus, in addition to resource management con-
cerns, managers seek to minimize camping-
related problems with visitor crowding and
conflicts (Parks Canada, 1992).

Camping management can be proactive or
reactive. Proactive management seeks to mini-
mize camping impact problems before they
occur, by implementing a suite of actions,
including judicious selection of campsites to
proper site maintenance. In contrast, reactive
management responds to problems after they
occur, often when resource and social condi-
tions at campsites have become unacceptable
and difficult or expensive to rectify. Examples
for such rectification include closure of heavily
degraded campsites or relocation of poorly
located sites.

Planning and decision-making frame-
works, such as Limits of Acceptable Change
(LAC) and Visitor Experience and Resource
Protection (VERP), are useful mechanisms
through which effective campsite impact man-
agement practices can be developed and imple-
mented (McCool and Cole, 1997). More
decision-making frameworks tailored for rural
tourism settings and for protected areas in
developing countries have been proposed
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Table 14.1. Spatial and temporal approaches to managing campsite impacts (adapted from Leung and
Marion, 1999).

Impact management strategy Spatial approach Temporal approach

I. Segregation/zoning Match types and levels of camping Match types and levels of camping
use with resource capabilities in use with resource capabilities in
different locations different seasons

II. Dispersal Spread campsites and related Spread camping use throughout
activities across a large area to the year to maintain low frequency
maintain low frequency of use per of use per unit area
unit area

III. Containment Concentrate campsites and related Concentrate camping use within a
activities on a limited number of limited period of time throughout
established or resistant locations the year

IV. Configuration Reduce unnecessary visitor Not applicable
impacts through judicious spatial
arrangement of camping sites and
facilities
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recently (Hall and McArthur, 1998; Tribe et al.,
2000; Farrell and Marion, 2002). These models
share a great deal of similarities, particularly
relating to iterative decision processes, defini-
tion of clear management objectives, identifica-
tion of indicators, establishment of standards,
and implementation of monitoring or audit pro-
grammes.

Campsite Impact Management
Strategies

The diversity of campsite impact management
strategies and actions has been reviewed
(Newsome et al., 2001). Strategies are referred
to as broad approaches to management, while
actions are specific measures taken to achieve
a certain management strategy. Some common
classifications of impact management strategies
include site versus visitor management
(Hammitt and Cole, 1998), dispersal versus
containment (Cole, 1981), and macro- versus
micro-techniques (Ryan, 2003). Leung and
Marion (1999) organized various campsite
management strategies into four primary types:
segregation/zoning, dispersal, containment

and configuration. Table 14.1 provides a con-
cise description of each strategy. Three of these
strategies could be extended to the temporal
dimension. Each strategy may be implemented
using different actions for the entirety or por-
tions of a protected area or destination
(Anderson et al., 1998). We focus our discus-
sion on two primary strategies: campsite disper-
sal or campsite containment (Leung and
Marion, 1999), since the debate of these two
strategies has dominated the recreation ecol-
ogy literature (Hammitt and Cole, 1998).
Specifically we examine some effective man-
agement actions for addressing common camp-
ing impacts, such as site proliferation, site
expansion, tree damage and human waste,
under each of these two strategies.

Campsite Dispersal

One common approach to campsite impact
management is to disperse ecotourists to a large
number of campsites over the landscape, so that
frequency of use on each site is so low that sub-
stantial impacts are avoided (Fig. 14.1).
Conceptually, this approach can be applied to a
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Fig. 14.1. A camping dispersal strategy can be implemented by encouraging visitors to select a
previously unused site on durable surfaces, such as this dry, grassy site in the Jefferson National Forest,
USA. A single night of use should not produce any visible disturbance 1 year later.
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temporal scale, with camping use being spread
out throughout a year. There are a variety of
ways by which a campsite dispersal strategy can
be implemented (Hammitt and Cole, 1998;
Leung and Marion, 1999). For example, camp-
ers can be educated to select a camping spot
that shows no sign of previous camping use, or
they can be required to camp beyond a certain
distance from water bodies or trail corridors.

Successful implementation of the camp-
site dispersal strategy hinges on its assump-
tions, of which many, if not most, protected
areas have difficulty meeting. These conditions
include extremely low use, a sufficient area for
large numbers of potential campsites, a highly
tolerant and/or resilient environment, and the
practice of minimum-impact outdoor ethics
such as Leave No Trace (LNT) by visitors (http:/
/www.LNT.org) (Fig. 14.2). Recreation ecology
studies have shown that impacts could be
modest if frequency of use is kept at an
extremely low level within a resilient environ-
ment, in which site recovery can occur very
quickly. Above low use levels, however, most
resource impacts exhibit a curvilinear relation-
ship with amount of use. In other words, sub-
stantial levels of resource impacts occur at low
to moderate levels of use, while additional use

generates fewer cumulative impacts (Leung and
Marion, 2000; Cole, 2002). This non-linear
relationship acts against management success
when a campsite dispersal strategy is applied.

The campsite dispersal strategy in its vari-
ous forms was common among protected areas
in North America, but it has proved to be inef-
fective in reducing camping impacts in most sit-
uations, due to the failure of meeting one or
more of the above assumptions. Table 14.2
compares areal measures of campsite impact in
a number of US protected areas with different
management strategies. Unregulated and dis-
persed camping strategies tend to be ineffective
at moderate to high use levels. Many protected
areas have re-examined their campsite man-
agement practices and adopted containment
and/or configuration strategies (Marion, 1995;
Marion and Farrell, 2002).

Two additional factors of a successful dis-
persal strategy are effective management of
campfires and human waste disposal. Due to
the spatial extensiveness of visitor use under
the dispersal strategy, campfires must be strictly
controlled, either through a campfire ban or
adoption of low-impact campfire practices.
Such policies can minimize potential fire haz-
ards and potential damage caused by firewood
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Fig. 14.2. The US Leave No Trace programme’s educational practices direct visitors to ‘Travel and
Camp on Durable Surfaces’. Rocks and non-vegetated leaf litter provide a resistant location for cooking
activities, to avoid intensive trampling disturbance.
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collection, fire site construction and the actual
fire (Fig. 14.3).

Human waste disposal is another chal-
lenge, as the dispersal strategy encourages
camping use on a large number of sites in
remote areas. The cat-hole method for human
waste disposal is usually suggested in suitable
environment types, such as forested areas and
mountains with sufficient soil depth (Meyer,
1994; Cilimburg et al., 2000). Specific guide-
lines for the cat-hole method vary among eco-
system types, but it is generally recommended
that human waste be buried in a 15–20cm hole
created at least 60m from the closest water
source. However, the cat-hole method is not
suitable for environments with thin or no soils

or covered with snow (Hampton and Cole,
2003). In such environments human waste
should be carried out. Such practices can be
implemented by tour operators who provide
portable toilets for their customers, or by visi-
tors using commercially available personal
waste disposal kits.

Campsite Containment

In contrast with the dispersal approach, a
campsite containment strategy seeks to reduce
the total extent of impacts by concentrating
camping use to a small number of campsites,
which receive a higher frequency of use.
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Table 14.2. Campsite size and use statistics for selected park and wilderness areas (source: Marion and
Farrell, 2002).

Disturbed
Campsite area (m2)/ Overnight
size (m2) overnight visitors/ Camping

Area name and state (mean/sum)a stayb year policy Citation

Isle Royale National Park, MI 17,168 0.35 46,625 Designated Farrell and Marion
16,539 sites (1997)

Apostle Islands National 17,275 1.13 15,321 Designated Smith (1998)
Lakeshore, WI 17,309

Boundary Waters Canoe Area 17,220 NA NA Designated Marion and
Wilderness, MN NA Merriam (1985)

Great Smoky Mountains 17,157 0.53 96,459 Designated Marion and Leung
National Park, TN/NC 51,192 areas (1997)

Delaware Water Gap National 17,243 0.86 32,399 Designated Marion (1994)
Recreation Area, PA/NJ – 1986 28,140 areas

Delaware Water Gap National 17,165 0.43 33,184 Designated Marion (1994)
Recreation Area, PA/NJ – 1991c 14,020 sites

Shenandoah National Park, VA 17,137 0.66 40,000 Dispersal Williams and 
26,410 Marion (1995)

New River Gorge National River, 17,706 2.14 39,410 Unregulated Marion (1990)
WV 84,083

Jefferson National Forest 17,156 NA NA Unregulated Leung and Marion
Wildernesses, VAd 6,137 (1995)

Eagle Cap Wilderness, OR 17,206 NA NA Unregulated Cole and Hall 
NA (1992)

Bob Marshall Wilderness, MT 17,315 NA NA Unregulated Cole and Hall
NA (1992)

NA�Not available.
a Mean size and sum of all site sizes (survey was a census or near-census). 
b Calculated by dividing the sum of site sizes for an area by its overnight stays for the year sites were monitored.
c Monitoring in 1991 followed several measures taken in 1987 to reduce campsite impacts.
d Including 11 wilderness areas, all of which receive low levels of use.
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Conceptually this approach can be applied to a
temporal scale, with camping use being con-
centrated during specified seasons or times.
This strategy, increasingly common in pro-
tected areas, is sometimes referred to as a
‘honey-pot’ or ‘sacrifice area’ approach (Ryan,
2003). This management strategy is targeted to
resolve the problems associated with proliferat-
ing numbers of campsites and their expansion.

The effectiveness of the campsite contain-
ment strategy has been demonstrated in a sub-
stantial number of recreation ecology studies.
In the Selway-Bitterroot Wilderness of Idaho,
Spildie and others (2000) evaluated a confine-
ment strategy for overnight camping involving
packstock animals. They found that this strategy
substantially reduced the areal disturbance of
camping/packstock impacts, including tree
scarring and mineral soil exposure (Spildie et
al., 2000). Similar success was reported by
Marion (1995), who identified a 50% reduction

in areal disturbance by designating campsites
and installation of fire grates.

The containment strategy can be imple-
mented through different actions, such as
education and information, regulations and
provision of structures or facilities that serve as
attractants for activity concentration (Fig. 14.4).
A key element of the containment strategy is to
minimize site proliferation. This problem can
be resolved by adopting a designated or estab-
lished site camping policy in which visitors are
instructed or required to camp only on desig-
nated (posted) campsites or on pre-existing
campsites. Education materials such as bro-
chures and maps are useful in guiding visitors
to appropriate sites. The amount of use, partic-
ularly during peak use periods, should be
regulated, so that designated or established
campsites can accommodate overnight visita-
tion demand while avoiding creation or use of
overflow sites.

Another key element of a successful con-
tainment strategy is to select campsite locations
that are resistant to resource damage and site
expansion (Fig. 14.5). As impacts to high-use
campsites are inevitable, environmental resis-
tance is more critical in site selection than resil-
ience. Flat and dry ground near water and trails
have been favourite locations for campsites, but
these sites are also particularly vulnerable to
resource and social impacts. Large, flat stream
benches, gaps and ridge tops are common
camping locations, but they do little to discou-
rage site proliferation and expansion, and often
encourage the development of dense clusters of
sites that contribute to visitor crowding and
conflicts. Table 14.3 provides an example of
campsite selection criteria designed to mini-
mize both resource and social impacts.

Distance regulations and/or site definition
are often used to ensure activity concentration,
addressing campsite expansion problems. For
example, campers could be required to restrict
camping activities within 7m of a campsite
post or sign. In addition to distance regulations,
campsites can be developed with boundaries
physically defined by wood logs or scree walls.
Such visual cues often help to concentrate use
within the physical boundaries (Johnson and
Clark, 2000). Campsite expansion within car
campgrounds can be restricted through site
design and facilities, such as barriers and gravel
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Fig. 14.3. Campsite impacts such as tree damage
are entirely avoidable if visitors use camping
stoves or leave axes and saws at home and
collect only dead and downed firewood.
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placed to identify a parking spot, and perma-
nently anchored picnic tables and fire grates to
enhance the spatial concentration of camping
activities (Fig. 14.5b).

Natural topography may also be utilized to
restrict campsite expansion. For instance,
selection of sidehill positions for campsite
development has proved to be effective in lim-
iting the potential of site expansion. Marion
and Farrell (2002) described how this method
was applied in Isle Royale National Park in
Michigan, USA. Small campsites were con-
structed in modestly sloping (10–15%) terrain,
using standard cut-and-fill practices to create
small benches for tenting and cooking areas.
The cut-and-fill techniques are similar to those
used for trail construction. Rock or rot-resistant
logs can support fill material. Tent sites should
be gently crowned to facilitate water drainage.

The containment strategy can be inte-
grated with the spatial configuration strategy to
enhance the spatial concentration of camping
activities, particularly when new campsites are
designed and constructed. By arranging camp-
sites and access trails in an appropriate spatial
layout, the problem of site proliferation, site
expansion and social trail creation may be
minimized since campers’ activity patterns are

matched by the site layout (Fig. 14.6). The effec-
tiveness of this integrated strategy hinges on the
understanding of campers’ needs and their
activity patterns.

Campsites can be maintained to enhance
and sustain their durability and their desirabil-
ity to visitors. Marion and Sober (1987) illus-
trate several types of maintenance performed
on campsites in Boundary Waters Canoe Areas
Wilderness, Minnesota. Some of these meas-
ures include improving tent sites in core areas
and closure/revegetation of unnecessary use
areas. Such measures sustain the serviceability
and attractiveness of the campsite to visitors,
who are less likely to expand campsites or
create additional sites (Marion and Sober,
1987). In Hollands Wood of New Forest,
England, camping impacts on soil are amelio-
rated by rotavation and adding of topsoil
(Johnson and Clark, 2000).

Under the containment strategy, managers
should close campsites that are deemed unsuit-
able for ecological or social reasons, to avoid
further use. While natural recovery of closed
campsites would be ideal, assisted site restora-
tion may be needed in less resilient environ-
ments such as alpine or desert zones.
Recent research has evaluated rehabilitation
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Fig. 14.4. A camping containment strategy can be implemented by carefully selecting designated
campsites that will resist site expansion, such as this site in Glacier National Park, USA.
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techniques, including compost amendments,
seeding and soil scarification, for impacted
campsites, with considerable success (Zabinski
and Cole, 2000; Zabinski et al., 2002).

There are some specific impact concerns
associated with the containment strategy. For

example, campfire-related impacts are of con-
cern, since higher amounts of use on campsites
are promoted. Firewood collection for camp-
fires is more extensive in the proximity of
campsites, and soil and vegetation damage due
to fire effects can be more intensive (Bratton et
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Fig. 14.5. Providing facilities, such as tenting platforms, in this primitive camping area (a) or designated
parking spots and anchored picnic tables and fire rings in this car-accessible campsite (b), can help to
attract and spatially concentrate visitor activities to reduce the areal extent of impact.

(a)

(b)
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al., 1982; Newmark and Nguye, 1991; Byers
and Banskota, 1992; Hall and Farrell, 2001).
The high frequency of use on concentrated
campsites also necessitates the provision of
toilet facilities to handle human waste.
Additional information about campsite selec-
tion and development can be found in Fay et al.
(1977), Leonard et al. (1981) and Gardner
(2000).

Similar to the dispersal strategy, specific
campfire management actions can be imple-
mented to deal with this problem, ranging from
campfire bans, to education and provision of
fire grates. If campfires are allowed in a con-
tainment strategy, fire grills or rings can be
anchored permanently at a resistant location to
ensure activity concentration and avoid devel-
opment of user-created fire sites. Table 14.4
illustrates common options for addressing this
and other camping-related impacts, such as lit-
tering and human waste.

Impact Monitoring as a Management
Tool

One useful approach to campsite impact man-
agement, regardless of the strategy chosen, is
the establishment of straightforward, but con-
sistent, monitoring or site review procedures
(Leung and Marion, 2000; Tribe et al., 2000).
Monitoring programmes are particularly essen-
tial for sensitive, natural/pristine or protected
zones with high conservation value (Fig. 14.7).
When applied consistently over time, campsite
impact monitoring programmes can detect
impact trends and evaluate the effectiveness of
management strategies and actions (Marion,
1995).

Monitoring techniques can range from
simple ordinal-scale condition class systems
(Frissell, 1978) to multiple-indicator systems
with either ordinal ratings (Cole, 1983) or quan-
titative measurements (Marion, 1995; Smith and
Newsome, 2002). Impact conditions can be
portrayed by maps with the help of GIS to facil-
itate evaluation of patterns (Gajda et al., 2000;
Johnson and Clark 2000). Key elements of such
programmes include identification of good indi-
cator measures and development of useful and
efficient field techniques. Indicator selection
will inevitably vary, depending on the nature of
the natural resources and uses in the area. Some
common indicator measures applied in various
settings include: campsite size, groundcover
vegetation loss, exposure of bare soil, visitor-
induced tree damage, and number of social
trails connected to campsites (Newsome et al.,
2001). Monitoring data can be employed within
a decision-making process (discussed previ-
ously) for an ecotourism destination, to evaluate
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Table 14.3. Examples of campsite selection
criteria recommended for designated and
established site camping policies (source:
Williams and Marion, 1995).

Points Campsite selection criteria

A. Campsite location
2 Campsite is located more than 800m

from a road or permanent building
(other than trail shelters); 50m from the
formal trail or a shelter/hut, 30m from
another campsite

1 Campsite is located out of sight (during
summer months) from the formal trail

1 Campsite is located out of sight (during
summer months) from shelters/huts or
other campsites

1 Campsite is located 30m from any water
source

B. Expansion potential
2 Poor expansion potential: off-site areas

are completely unsuitable for any
expansion due to natural elements,
such as topography, rockiness, dense
vegetation, and/or poor drainage

1 Moderate expansion potential: off-site
areas are moderately unsuitable for
any expansion due to the factors listed
above

�1 Good expansion potential: off-site areas
are suitable for campsite expansion.
Natural elements listed above provide
no effective resistance to campsite
expansion

C. Campsite slope
2 Most campsite areas have gentle slopes

(2–4%), or they can be easily created
D. Ground vegetation

2 Ground vegetation around the campsite
is predominantly grasses or sedges,
as opposed to broad-leafed herbs, or
off-site vegetation cover is very sparse
(less than 20%)
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whether campsite conditions remain within
acceptable limits.

Concluding Remarks

This chapter has reviewed campsite impacts,
the need for defining management objectives
and a decision-making process, some common
campsite impact management strategies and
actions, and monitoring as a management tool.
A containment strategy is generally most effec-
tive and recommended, although dispersal can
be effective in very low-use and highly resistant
and resilient environments. Containment and
dispersal strategies can also be integrated when
applied to different management zones. Alter-
nately, campsites can be located in a dispersed
manner for social reasons, while visitor activ-

ities are spatially contained within each site to
enhance resource protection. Similar to man-
aging trails, effective campsite management
also requires careful site selection and plan-
ning, and establishment of a systematic
decision-making process that includes indica-
tors, standards and monitoring/evaluation pro-
grammes.

With the growth of interest and participa-
tion in ecotourism, camping impacts and their
management will inevitably become a more sig-
nificant area of concern among ecotourism
researchers and professionals. Recreation ecol-
ogy research can provide immediate input to
campsite management in ecotourism settings
(Leung et al., 2001). Unlike trail-impact
research, campsite impacts have, until recently,
received research attention almost exclusively
from North America (Morin et al., 1997; Smith
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Campsites
• Placed in sloping
terrain with individual
tentpads created using
cut and fill techniques

• Separated from the
shelter and each other
with individual access
trails to promote
solitude

• Trail layout avoids
creation of additional
water access trails

• Variable number of
tent sites for different
group sizes

Toilet

Shelter

Bear Bag
Cable

Sign orienting
visitors to the
camping area

Shelter Access Trail

Appalachian Trail

Creek

Fig. 14.6. Example of a preferred spatial arrangement of campsites and related facilities.
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and Newsome, 2002). There is an urgent need
for research on other ecosystems that are attract-
ing ecotourists. Research is also needed for
improving our understanding of social reasons
of illegal site creation and other non-compliance
to camping regulations or guidelines. Until an
improved understanding of potential camping-
related impacts is developed, it is preferable to

adopt a precautionary principle and act conser-
vatively in locating and developing campsites.

The need for efficient management some-
times tempts managers to adopt a ‘quick’ fix,
often involving facility development or rest
rotation. Rest rotation is rarely an effective
management solution, because impacts occur
quickly yet recover very slowly. Developing
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Table 14.4. Examples of management actions for specific camping-related impacts.

Camping-related impact Visitor management measures Site management measures

Campfires/firewood • Campfire ban • Provision of fire grates or grills
collection • Spatial restrictions on fire location

• Permit only stove or portable grill fires
• Prohibit firewood collection
• Education: low-impact fire practices

Litter • Pack-it-in, pack-it-out regulations or • Provision of trash receptacles
• education

Human waste • Education: cat-hole techniques • Provision of toilets
• Pack-it-in, pack-it-out regulations
• (e.g. portable toilets)

Tree damage • Prohibit axes, hatchets and saws • Site location and design
• Prohibit campfires
• Education: low-impact firewood-
• gathering practices

Fig. 14.7. Field staff assess the condition of this campsite in Patagonia’s Torres del Paine National Park,
Chile, as part of a monitoring programme. Data are used to track long-term changes in site conditions
and to establish and monitor standards of quality for resource conditions.

BUCKLEY MAKE-UP  23/6/04  10:32 AM  Page 255



campsites with facilities and site-hardening
practices can be a quick and effective solution,
but this often entails irreversible changes to the
environment and to the nature of ecotourist
experiences. While highly developed camp-
sites and car campgrounds may support more
visitation, visitor experiences may be compro-
mised. Therefore, consideration of an area’s
zoning and management objectives, and care-
ful evaluation of camping impact problems,
will ultimately lead to the most judicious solu-
tions. Developed facilities are sometimes nec-
essary when undeveloped or less-developed
accommodation options are inappropriate due
to environmental sensitivity. In such instances,
managers should select and employ the most
sustainable options in terms of design, con-
struction, operations and maintenance.
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Introduction

As preceding chapters in this volume have
clearly described, visitors to parks and pro-
tected areas – ecotourists – can cause signifi-
cant impacts to important natural resources that
are vital to ecotourism. For example, visitor use
can compact and erode soils, trample fragile
vegetation, pollute surface water and disturb
sensitive wildlife (Hammitt and Cole, 1998).
Such impacts may ultimately threaten the eco-
logical integrity of ecotourism sites. These
impacts can also have important aesthetic con-
sequences, ultimately degrading the quality of
the visitor experience. To what extent do visi-
tors perceive environmental impacts of eco-
tourism? How important are these impacts in
defining the quality of the visitor experience?
Do visitors have standards regarding the
acceptable level of environmental impacts in
parks and protected areas? This chapter exam-
ines these and related questions.

Perceived Environmental Impact

A small group of early studies in outdoor recre-
ation began to explore visitor perceptions of
environmental impacts, particularly those
caused by recreation use. A review of this liter-
ature suggested that visitor perceptions of rec-
reational impacts tend to be limited,

particularly when compared to those of manag-
ers or other ‘expert’ opinion (Lucas, 1979).
With the exception of litter, visitors rarely
reported complaints about site conditions and
usually rated the environmental conditions of
recreation sites as ‘good’ or better. This appears
true for impacts on campsites and trails, as well
as other resource impacts, such as water pollu-
tion and wildlife disturbance. A study in the
Boundary Waters Canoe Area, Minnesota, for
example, found that campers seldom com-
mented on campsite impacts other than litter,
and that there was no correlation between vis-
itor ratings of campsite physical conditions and
expert ratings of the severity of environmental
impacts (Merriam and Smith, 1974). Hikers in
the Selway-Bitterroot Wilderness Area, Idaho
and Montana, reported that they were satisfied
with trail conditions, despite the fact that some
trails were clearly eroded (Helgath, 1975).
Only 1% of floaters on the Pine River in the
Manistee National Forest, Michigan, were con-
cerned with streambank erosion (which was
judged by researchers as prominent in places);
litter was far and away the most objectionable
environmental condition reported by users
(Solomon and Hansen, 1972). The only impact
reported by more that 50% of visitors to roaded
forest lands in the US Pacific Northwest was
litter (Downing and Clark, 1979). Finally, only
one in four campers reported vegetation
impacts as a problem at four heavily used
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developed campgrounds in Pennsylvania
(Moeller et al., 1974).

Standards of Environmental Quality

While this early research suggests that many
visitors may not be especially sensitive to
recreation-related impacts, at least compared
to managers’ or experts’ judgement, this may be
changing. Increasing recreation use may be
causing greater levels of environmental
impacts, and visitors may be becoming more
sensitive to the ecological conditions in parks
and protected areas, particularly visitors who
may be motivated by ecotourism-related objec-
tives. Do contemporary park and protected-
area visitors have standards for the maximum
acceptable level of recreation-related impacts?

Recent research has begun to apply nor-
mative theory and related empirical techniques
to help develop standards of quality for the
maximum acceptable level of visitor-caused
environmental impacts in parks and protected
areas. This research has been designed to help
apply park and protected-area management
frameworks, such as Limits of Acceptable
Change (LAC) (Stankey et al., 1985) and Visitor
Experience and Resource Protection (VERP)
(National Park Service, 1997; Manning, 2001).
These frameworks rely on formulation of indi-
cators and standards of quality (Manning,
1999, 2001). Indicators of quality are measur-
able, manageable variables that help define the
quality of park resources and the visitor experi-
ence. Standards of quality define the minimum
acceptable condition of indicator variables.
Once indicators and standards of quality are
formulated, LAC, VERP and related manage-
ment frameworks require long-term monitoring
of indicator variables and management action
to ensure that standards of quality are main-
tained.

One of the most problematic issues in this
contemporary approach to park and outdoor
recreation management has been setting stan-
dards of quality. Such standards may be based
on a variety of sources, including legal and
administrative mandates, agency policy, his-
toric precedent, expert judgement, interest-
group politics, and public opinion, especially
that derived from outdoor recreation visitors.

This latter source has special appeal because it
involves those most directly interested in, and
affected by, management actions.

Research on visitor-based standards of
quality has focused increasingly on personal
and social norms. Developed in the discipline
of sociology, norms have attracted considerable
attention as a theoretical construct and empiri-
cal framework in outdoor recreation research
and management. In particular, normative
theory has special application to setting stan-
dards of quality for the recreation experience.
As applied in outdoor recreation, norms are
generally defined as standards that individuals
and groups use for evaluating behaviour and
social and environmental conditions (Vaske et
al., 1986; Shelby and Vaske, 1991; Donnelly et
al., 1992). If visitors have normative standards
concerning relevant aspects of recreation expe-
riences, then such norms can be measured and
used as a basis for formulating standards of
quality.

Application of visitor-based standards of
quality in outdoor recreation is most fully
described in Shelby and Heberlein (1986),Vaske
et al. (1986), Shelby et al. (1996) and Manning
(1999). These applications have relied on the
work of Jackson (1965), who developed a meth-
odology – return-potential curves – to measure
norms. Normative research in outdoor recrea-
tion has focused largely on the issue of crowding
(e.g. Shelby, 1981; Heberlein et al., 1986;Vaske
et al., 1986; Whittaker and Shelby, 1988;
Patterson and Hammitt, 1990; Williams et al.,
1991; Manning et al., 1996, 1999, 2000,
2002a,b), but has also been expanded to include
other potential indicators of quality, including
ecological impacts at wilderness campsites
(Shelby et al., 1988), wildlife-management prac-
tices (Vaske and Donnelly, 1988) and minimum
stream flows (Shelby and Whittaker, 1990). A
recent series of studies in the US national park
system has begun to apply this research
approach to a range of recreation-related
impacts, including trail erosion, social trails,
campsite condition and litter.

Trail erosion/social trails

Visitor surveys at the Schoodic Peninsula and
Isle au Haut sections of Acadia National Park,
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Maine, found that many visitors felt recreation
use was causing damage to soils and vegeta-
tion, and that trail conditions were important in
affecting the quality of the recreation experi-
ence (Manning et al., 2002c, 2003a). Thus, trail
erosion and social trails were identified as
potential indicators of quality. Subsequent visi-
tor surveys were designed to measure norma-
tive standards of quality for those indicator
variables. A visual approach was employed by
preparing two series of computer-edited photo-
graphs of a range of trail impacts on generic
sections of trail (Manning et al., 1996). Trail ero-
sion and social trails photographs are shown in
Figs 15.1 and 15.2, respectively. Representative

samples of visitors were asked to rate the
acceptability of each photograph on a scale
that ranged from �4 (‘very acceptable’) to –4
(‘very unacceptable’) with a neutral point of 0.

Study findings for trail erosion are shown in
Fig. 15.3, which graphs mean acceptability rat-
ings – a norm curve – for each of five study
photographs. It is clear that visitors find increas-
ing levels of trail erosion increasingly unaccept-
able. The point at which the norm curve crosses
the neutral point of the acceptability scale – rep-
resented by a trail erosion level approaching
that shown in photograph 3 – is the point at
which aggregate visitor ratings fall out of the
acceptable range and into the unacceptable
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Fig. 15.1. Trail erosion photographs, Acadia National Park.
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range. This might be interpreted as a minimum
acceptable trail condition.

Respondents were also asked to select the
photograph that best represented: (i) the trail
condition they would prefer to experience (‘pref-
erence’); (ii) the trail condition that was so
eroded that they would no longer hike on the trail

(‘displacement’); and (iii) the maximum level of
trail erosion that the National Park Service
should allow before limiting visitor use (‘man-
agement action’). Findings are shown in Table
15.1 and represent a range of potential standards
of quality for trail conditions, depending upon
the management objectives for the area.
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Fig. 15.2. Social trails photographs, Acadia National Park.
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Comparable study findings for social trails
are shown in Fig. 15.4 and Table 15.2. These
data provide an empirical basis for formulating
standards of quality for this indicator variable.
The norm curve for social trails falls out of the
acceptable range and into the unacceptable
range at photograph 2. Alternative standards of
quality based on the evaluative dimensions of
‘preference’, ‘management action’ and ‘dis-
placement’ are shown in Table 15.2.

Campsite condition

Research in the wilderness portion of Yosemite
National Park, California, was designed to
explore visitor norms for several resource and
social indicators of quality, including campsite
condition (Newman et al., 2001, 2002;
Newman 2002). A series of five photographs
was prepared that illustrated a range of campsite
impacts that corresponded to the park’s ‘condi-
tion class’ monitoring programme (Frissell,
1978; Hammitt and Cole, 1998; Boyers et al.,

1999). These photographs are shown in Fig.
15.5. A representative sample of overnight wild-
erness visitors was administered a diary survey,
asking them to report their normative standards
for campsite conditions (using the study photo-
graphs) for each night of their trip. Normative
standards varied by wilderness zone, and study
findings for the ‘threshold’ zone are shown in
Table 15.3. Visitors would prefer the campsite
condition to be in the range of that illustrated in
photograph 2, would choose not to return to this
area once campsite condition deteriorated sub-
stantially beyond that represented in photo-
graph 4, and would support restrictions on

Visitor Perceptions of Recreation-related Resource Impacts 263

Table 15.1. Alternative standards of quality for
trail erosion.

Standard of quality Mean photo number

Preference 1.3
Management action 2.7
Displacement 3.7

Table 15.2. Alternative standards of quality for
social trails.

Standard of quality Mean photo number

Preference 1.2
Management action 2.0
Displacement 3.4
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Fig. 15.4. Social norm curve for social trails.

Table 15.3. Alternative standards of quality for
campsite condition.

Standard of quality Mean photo number

Preference 2.1
Management action 3.8
Displacement 4.3
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visitor use as campsite condition approaches
the level of impact illustrated in photograph 4.

Litter

An initial survey of visitors to Boston Harbor
Islands National Recreation Area, Massachu-
setts, found several potential indicators of qual-
ity, including the amount of litter on park lands
(Manning et al., 2003b). As noted earlier in this
chapter, other studies have found that park visi-
tors are sensitive to litter, but no standards for the
acceptable amount of litter have been explored.
A second visitor survey at Boston Harbor Islands

incorporated a series of questions addressing
normative standards of quality for litter.Adapting
procedures developed by Keep America Beauti-
ful, a national non-profit organization, a photo-
metric index (PI) approach to measuring litter
was incorporated in the study (Keep America
Beautiful, 2001). In this approach, a standard-
ized [16�6ft (4.9�1.8m)] horizontal grid of 96
cells is overlaid on a park scene. Litter accumu-
lation is measured according to the number of
cells occupied by litter. Each of the 96 cells count
equally towards a PI rating of 0 to 96. If the same
piece of litter covers multiple cells, each cell
counts towards the scale value. In this study, the
grid created was overlaid on a series of four park
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Fig. 15.5. Campsite condition photographs, Yosemite National Park.
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scenes, depicting increasing amounts of litter
accumulation. The four photographs used are
shown in Fig. 15.6 and represented litter PI rat-
ings of 0, 4, 8 and 12. Litter PI ratings were
selected to represent a range of realistic levels of
litter in the park.

Respondents were asked to rate litter PI
photographs on a scale of �4 (‘very unaccept-
able’) to �4 (‘very acceptable’), with a neutral
point of 0. Respondents were also asked to
indicate the photographs that represented the

amount of litter they: (i) preferred; (ii) found so
unacceptable they would not visit the park
again; and (iii) felt the National Park Service
should allow before limiting visitor use. The
norm curve for litter is shown in Fig. 15.7 and
indicates that aggregate visitor evaluations of
litter fall out of the acceptable range and into
the unacceptable range at a PI level of approx-
imately 4. The data in Table 15.4 indicate that
visitors would prefer to see a PI level of 0.2,
would not visit the park again at a PI of 9.3, and
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Fig. 15.6. Litter photographs, Boston Harbor Islands National Recreation Area.
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think the National Park Service should not
allow litter to accumulate beyond a PI level of
3.9.

Relative Importance of Environmental
Impacts

How important are selected environmental
impacts of recreation (e.g. trail erosion, social
trails, campsite condition, litter) compared to
other recreation-related environmental and
social impacts? Which impacts are the most
important in defining the quality of the visitor
experience in parks and protected areas?
Recent research has begun to explore this issue
through stated-choice analysis.

Stated-choice analysis has been devel-
oped in the fields of psychometrics, economet-
rics and consumer marketing, to evaluate
public preferences or attitudes (Green and
Srivivasan, 1978). There is a growing body of
literature describing the application of stated-

choice analysis to outdoor recreation manage-
ment issues in parks and related areas (Louviere
and Woodworth, 1985; Louviere and Timmer-
mans, 1990b; Schroeder et al., 1990). In stated-
choice analysis, respondents are asked to make
choices among alternative configurations of a
multi-attribute good (Louviere and Timmer-
mans, 1990a). Each alternative configuration is
called a profile and is defined by varying levels
of selected attributes of the good (Mackenzie,
1993). For example, respondents may be asked
to choose between alternative recreation set-
tings that vary in the number of other groups
encountered, the quality of the natural environ-
ment, and the intensity of management regula-
tions imposed on visitors. Respondents’
choices among the alternatives are evaluated to
estimate the relative importance of each attrib-
ute to the overall utility or satisfaction derived
from the recreational setting. Further, stated
choice models are used to estimate public pref-
erences or support for alternative combinations
of the attribute levels (Dennis, 1998).

A recent application of stated-choice anal-
ysis was used to develop a decision-making
model to inform judgements about the man-
agement of social, resource and managerial
attributes of the Denali National Park (Alaska)
wilderness (Lawson and Manning, 2001,
2002). Specifically, stated-choice analysis was
used to evaluate the choices Denali overnight
wilderness visitors make when faced with
trade-offs among the conditions of selected

266 R.E. Manning et al.

–4

–3

–2

–1

0

1

2

3

4

0 4 8 12

Litter photometric index

A
cc

ep
ta

b
ili

ty

Fig. 15.7. Social norm curve for litter.

Table 15.4. Alternative standards of quality for
litter.

Standard of quality Photometric index

Preference 0.2
Management action 3.9
Displacement 9.3
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social, resource and managerial attributes of
the wilderness portion of the park.

In the stated-choice analysis study, a set of
six Denali wilderness setting attributes were
selected to define a series of hypothetical
Denali wilderness settings. Attributes selected
to reflect the social conditions of the Denali
wilderness included the number of other
groups encountered per day while hiking and
the likelihood of being able to camp out of sight
and sound of other groups. Two attributes
related to the resource conditions of the Denali
wilderness were selected: the presence and
extent of trails and the amount of human
impact at campsites. The intensity of restrictions
regarding where wilderness visitors are allowed
to camp and the level of difficulty of obtaining
a permit for an overnight wilderness trip were
selected as attributes to reflect the management
conditions of the Denali wilderness. An experi-
mental design was used to combine the six
attributes at varying levels into a set of paired
comparison questions, each consisting of two
hypothetical Denali wilderness settings. An
example of a representative Denali wilderness
setting comparison is presented in Table 15.5.

The stated choice analysis survey was
administered to visitors returning from an over-
night wilderness trip. Respondents to the survey
were presented with a series of nine paired
comparison questions, each containing two
hypothetical Denali wilderness settings. In
each question, respondents were asked to read
through each setting description and indicate
which they preferred.

Responses to the survey were analysed

using logistic regression. The coefficients of the
logistic regression analysis are presented in
Table 15.6 and Fig. 15.8. Results of the data
analysis provide information about the relative
importance wilderness visitors place on the
selected social, resource and managerial attrib-
utes of the Denali wilderness. The magnitude of
the regression coefficients presented in Table
15.6 reflects the relative importance of the cor-
responding level of the attribute to Denali over-
night wilderness visitors. Specifically, visitors
are more sensitive to levels of attributes with
relatively large positive or negative coefficient
values (e.g. ‘Little or no sign of human us at
campsites’, ‘Extensive signs of human use at
campsites’) than levels of attributes with rela-
tively small positive or negative coefficient
values (e.g. ‘Most get a permit for their pre-
ferred trip’, ‘Required to camp in designated
sites’). Further, the study results suggest that vis-
itors may be particularly sensitive to changes in
Denali wilderness setting attributes when they
deteriorate beyond certain thresholds. For
example, visitor utility or satisfaction drops
sharply as campsites deteriorate from having
‘some signs of human use’ to ‘extensive signs of
human use’, and this may represent a threshold
or potential standard of quality (Fig. 15.8).

Conclusions

Initial research in outdoor recreation suggested
that many visitors may not be highly perceptive
of recreation-related environmental impacts.
However, subsequent research suggests that
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Table 15.5. Example of Denali wilderness setting comparison.

Backcountry Setting A Backcountry Setting B

• Encounter up to two other groups per day while • Encounter up to four other groups per day while
• hiking • hiking
• Able to camp out of sight and sound of other • Able to camp out of sight and sound of other
• groups all nights • groups most nights
• Hiking is along continuous, single track trails • Hiking is along intermittent, animal-like trails
• developed from prior human use
• Camping sites have some signs of human use – • Camping sites have some signs of human use –
• light vegetation damage, a few moved rocks • light vegetation damage, a few moved rocks
• Required to camp at designated sites • Required to camp at designated sites
• Only a minority of visitors are able to get a • Most visitors are able to get a backcountry
• backcountry permit • permit for their preferred trip
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visitors may have normative standards for envi-
ronmental conditions experienced in parks and
protected areas, and that findings from such
studies may provide an empirical basis for help-
ing to formulate standards of quality for selected
indicator variables. Moreover, research also
suggests that recreation-related impacts to park
and wilderness resources can be important to
visitors in defining the quality of the recreation
experience. This research can help support
application of park and protected area manage-
ment frameworks, such as LAC and VERP,
designed to protect the quality of park resources
and the visitor experience. Application of these
management frameworks and related pro-
grammes of research are important in helping to
assure long-term vitality, sustainability and eco-
logical and social integrity of ecotourism.

Findings from the studies described above
are suggestive of several other conclusions and
implications regarding visitor perceptions of
recreation-related resource impacts. First, it

may be wise to involve visitors in decisions
about acceptable levels of recreation-related
resource impacts. Early research in outdoor
recreation suggests that managers and other
‘experts’ may be substantially more perceptive
and less tolerant of such impacts than visitors.
Visitor-based perceptions should be explicitly
considered when planning and managing
parks, protected areas and other ecotourism
attractions.

Secondly, visitors may be willing to accept
restrictions on visitor use designed to limit
resource impacts. In fact, visitors may prefer
such restrictions, when and where they are
needed, to maintain acceptable levels of
resource impacts.

Thirdly, it is not feasible to eliminate all
resource impacts associated with recreation
and ecotourism. Ecological research suggests
that many types of resource impacts may occur
quickly, even under relatively light levels of
recreation use (Hammitt and Cole, 1998).

268 R.E. Manning et al.

Table 15.6. Coefficient estimates for Denali wilderness setting attributes.

Variable Coefficient

Encounters with other groups per day while hiking:
0 other groups 0.439
Up to 2 other groups 0.065
Up to 4 other groups �0.504*

Able to camp out of sight and sound of other groups:
All nights 0.295
Most nights 0.145*
A minority of nights �0.440*

Hiking is along:
Intermittent, animal like trails 0.319
Single track trails developed from human use �0.028
Multiple track trails developed from human use �0.291*

Camping sites have:
Little or no signs of human use 0.582
Some signs of human use 0.207*
Extensive signs of human use �0.790*

Regulation of camping:
Allowed to camp in any zone on any night 0.072
Required to camp in specified zones 0.140*
Required to camp in designated sites �0.212*

Chance visitors have of receiving a permit:
Most get a permit for their preferred trip 0.073
Most get a permit for at least their second choice 0.143*
Only a minority get a permit �0.216*

* Statistically significant at 0.05 level or better. To avoid overidentification, the first level of each attribute was excluded
from the statistical model. The coefficient of the excluded level for each attribute equals the negative sum of the
coefficients on the other two levels of the attribute.
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Fig. 15.8. Denali wilderness setting, attribute levels and corresponding utility. (a) Hiking encounters per day; (b) ability to camp out of sight and sound of others;
(c) extent and character of trials; (d) extent of campsite impacts; (e) camping regulations; and (f) availability of permits.
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Moreover, visitors may prefer some resource
impact at developed facilities, such as trails
and campsites. By definition, these facilities
are designed to accommodate visitor use and
its associated impacts.

Finally, the data on normative standards
for recreation-related resource impacts pre-
sented in this chapter should be considered
‘place-based’. That is, they reflect the judge-
ments of visitors to specific sites within the US
national park system. Not enough of these
types of studies have been conducted over a
diverse enough set of parks and protected areas
to apply these findings to ecotourism more gen-
erally.
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Introduction

Preceding chapters of this book clearly demon-
strate a range of environmental (and related
social) impacts that can arise from ecotourism.
These impacts require management to ensure
that significant natural and cultural resources of
destination areas are protected, a fundamental
principle of ecotourism (Lindberg et al., 1998).
Moreover, degradation of natural and cultural
resources may undermine the quality of visitor
experiences, and this, too, may ultimately
threaten the concept and practice of ecotour-
ism.

Recreation Management Practices

Theoretically, there are many practices that
might be applied to managing environmental
impacts of ecotourism. It is useful to organize
these management practices into classification
systems to illustrate the broad spectrum of alter-
natives available. One classification system
defines alternatives on the basis of manage-
ment strategies (Manning, 1979). Management
strategies are basic conceptual approaches to
management that relate to achievement of
desirable objectives. Four basic strategies can
be identified for managing outdoor recreation,
as illustrated in Fig. 16.1. Two strategies deal
with supply and demand: the supply of recrea-

tion opportunities may be increased to accom-
modate more use, or the demand for recreation
may be limited through restrictions or other
approaches. The other two basic strategies treat
supply and demand as fixed, and focus on
modifying either the character of recreation to
reduce its adverse impacts, or the resource base
to increase its durability.

There are a number of sub-strategies within
each of these basic management strategies. The
supply of outdoor recreation areas, for example,
can be increased in terms of both space and
time. With respect to space, new areas may be
added or existing areas might be used more
effectively through additional access or facil-
ities, such as trails and campsites. With respect
to time, some recreation use might be shifted to
off-peak periods. Within the strategy of limiting
demand, restrictions might be placed on the
total number of visitors that are allowed or their
length of stay. Alternatively, certain types of use
that can be demonstrated to have high environ-
mental and/or social impacts might be
restricted. The third basic management strategy
suggests reducing the environmental or social
impacts of existing use. This might be accom-
plished by modifying the type of character of use
or by dispersing or concentrating use according
to resource capability or user compatibility. A
final basic management strategy involves
increasing the durability of the resource. This
might be accomplished by hardening the
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resource itself (through intensive maintenance,
for example) or developing facilities (such as
boardwalks or tent pads) to accommodate use
more directly.

A second system of classifying manage-
ment alternatives focuses on tactics or actual
management practices. Management practices
are actions or tools applied by managers to
accomplish the management strategies des-
cribed above. Restrictions on length of stay, dif-
ferential fees, and use permits, for example, are
management practices designed to accomplish
the strategy of limiting recreation demand or
rationing. Management practices are often
classified according to the directness with
which they act on visitor behaviour (Gilbert et
al., 1972; Lime, 1977; Peterson and Lime,
1979; Chavez, 1996). As the term suggests,
direct management practices act directly on
visitor behaviour, leaving little or no freedom of
choice. Indirect management practices attempt
to influence the decision factors upon which
visitors base their behaviour. A conceptual dia-
gram illustrating direct and indirect recreation
management practices is shown in Fig. 16.2. As
an example, a direct management practice
aimed at reducing campfires in a wilderness

environment would be a regulation barring
campfires, and enforcement of this regulation.
An indirect management practice would be an
education programme designed to inform visi-
tors of the undesirable ecological and aesthetic
impacts of campfires and to encourage them to
carry and use portable stoves instead. A series
of direct and indirect management practices is
shown in Table 16.1.

A growing body of research has focused on

274 R.E. Manning

Fig. 16.1. Strategies for managing impacts of ecotourism (from Manning, 1979, 1999).

Decision factor

Behaviour

Management
action

Indirect management action

Direct management action

Fig. 16.2. Direct and indirect management
practices (adapted from Peterson and Lime,
1979).

BUCKLEY MAKE-UP  23/6/04  10:33 AM  Page 274



selected recreation management practices and
their potential effectiveness. Much of this
research has examined two of the most
common management practices: (i) use of
rationing and allocation; and (ii) information
and education. This chapter addresses the
former.

Use Rationing and Allocation

Substantial attention has been focused on the
management strategy of limiting the amount of
use that parks and related ecotourism areas
receive. Use rationing is controversial and is
often considered to be a management
approach of ‘last resort’ because it runs counter

to the basic objective of providing public
access to parks and related areas (Hendee and
Lucas, 1973, 1974; Behan, 1974, 1976; Dustin
and McAvoy, 1980). However, limits on use
may be needed to protect the integrity of criti-
cal park and ecotourism resources and to main-
tain the quality of the recreation experience.

Rationing and Allocation Practices

Five basic management practices have been
identified in the literature to ration and allocate
recreation use (Stankey and Baden, 1977;
Fractor, 1982; Shelby et al., 1989; McLean and
Johnson, 1997). These include: (i) reservation
systems; (ii) lotteries; (iii) first-come, first-served
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Table 16.1. Direct and indirect management practices (adapted from Lime, 1977, 1979).

Type Example

Direct (emphasis on regulation of Impose fines
behaviour; individual choice Increase surveillance of area
restricted; high degree of control) Zone incompatible uses spatially (hiker-only zones, prohibit 

motor use, etc.)
Zone uses over time
Limit camping in some campsites to one night, or some other

limit
Rotate use (open or close roads, access points, trails,
campsites, etc.)
Require reservations
Assign campsites and/or travel routes to each camper group in

backcountry
Limit usage via access point
Limit size of groups, number of horses, vehicles, etc.
Limit camping to designated campsites only
Limit length of stay in area (maximum/minimum)
Restrict building of campfires
Restrict fishing or hunting

Indirect (emphasis on influencing or Improve (or not) access roads, trails
modifying behaviour; individual Improve (or not) campsites and other concentrated use areas
retains freedom to choose; control Improve (or not) fish and wildlife populations (stock, allow to die
less complete, more variation in use out, etc.)
possible) Advertise specific attributes of the area

Identify the range of recreation opportunities in surrounding
area

Educate users to basic concepts of ecology
Advertise underused areas and general patterns of use
Charge consistent entrance fee
Charge differential fees by trail, zone, season, etc.
Require proof of ecological knowledge and recreational activity

skills
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or queuing; (iv) pricing; and (v) merit. A reser-
vation system requires potential visitors to
reserve a space or permit in advance of their
visit. A lottery also requires potential visitors to
request a permit in advance, but allocates per-
mits on a purely random basis. A first-come,
first-served or queuing system requires poten-
tial visitors to ‘wait in line’ for available permits.
A pricing system requires visitors to pay a fee
for a permit which may ‘filter out’ those who
are unable or unwilling to pay. A merit system
requires potential visitors to ‘earn’ the right to a
permit by virtue of demonstrated knowledge or
skill.

Each of these management practices has
potential advantages and disadvantages, which
are summarized in Table 16.2. For example,
reservation systems may tend to favour visitors
who are willing and able to plan ahead, but
these systems may be difficult and costly to
administer. Lotteries are often viewed as emi-
nently ‘fair’, but can also be cumbersome and
costly to administer. Although relatively easy to
administer, first-come, first-served systems may
favour visitors who have more leisure time or
who live relatively close to a park or related
areas. Pricing is a commonly used practice to
allocate scarce resources in free-market econo-
mies, but may discriminate against potential
visitors with low incomes. Merit systems are
rarely used, but may lessen the environmental
and social impacts of use.

Several principles or guidelines have been
suggested for considering and applying use
rationing and allocation practices (Stankey and
Baden, 1977). First, emphasis should be placed
on the environmental and social impacts of rec-
reation use, rather than the amount of use per
se. Some types of recreation use may cause
more impacts than others. To the extent that
such impacts can be reduced, rationing use of
recreation areas can be avoided, or at least post-
poned. Secondly, as noted above, rationing use
should probably be considered a management
practice of last resort. Less direct or ‘heavy-
handed’ management practices would seem
more desirable where they can be demonstrated
to be effective. Thirdly, good information is
needed to implement use rationing and alloca-
tion. Managers must be certain that environ-
mental and/or social problems dictate use
rationing, and that visitors are understood well

enough to predict the effects of alternative allo-
cation systems. Fourthly, combinations of use-
rationing systems should be considered. Given
the advantages and disadvantages of each use-
allocation practice, hybrid systems may have
special application. For example, half of all per-
mits might be allocated on the basis of a reser-
vation system and half on a first-come,
first-served basis. This would serve the needs of
potential visitors who can and do plan vacations
in advance as well as those whose jobs or life-
styles do not allow for this. Fifthly, use rationing
should establish a linkage between the prob-
ability of obtaining a permit and the value of the
recreation opportunity to potential visitors. In
other words, visitors who value the opportunity
highly should have a chance to ‘earn’ a permit
through pricing, advance planning, waiting
time or merit. Finally, use-rationing practices
should be monitored and evaluated to assess
their effectiveness and fairness. Use rationing
for recreation is relatively new and is likely to be
controversial. Special efforts should be made to
ensure that use-rationing practices accomplish
their objectives.

Fairness

A critical element of use-rationing and alloca-
tion practices is ‘fairness’ (Dustin and Knopf,
1989). Parks, outdoor recreation areas and
other ecotourism sites administered by federal,
state and local agencies are public resources.
Use-rationing and allocation practices must be
seen as both efficient and equitable. But how
are equity, fairness and related concepts
defined? Several studies have begun to develop
important insights into this issue. These studies
have outlined several alternative dimensions of
equity and measured their support among the
public.

One study identified four dimensions of an
overall theory of ‘distributive justice’ (Shelby et
al., 1989). Distributive justice is defined as an
ideal whereby individuals obtain what they
‘ought’ to have, based on criteria of fairness. A
first dimension is ‘equality’, and suggests that
all individuals have an equal right to a benefit,
such as access to parks and outdoor recreation.
A second dimension is ‘equity’, and suggests
that benefits be distributed to those who ‘earn’
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Table 16.2. Evaluation of five recreation use rationing practices (adapted from Stankey and Baden, 1977).

Reservation Lottery First come, first served Pricing Merit

Clientele group Those able and/or willing No one identifiable group Those with low Those able or willing to Those able or willing to
benefited by to plan ahead; i.e. benefited; those who opportunity cost for their pay entry costs invest time and effort to 
system persons with structured examine probabilities of time (e.g. retired, meet requirements

lifestyles success at different areas unemployed); also favours
have better chance users who live nearby

Clientele group Those unable or unwilling No one identifiable group Those persons with high Those unwilling or unable Those unable or unwilling
adversely affected to plan ahead; e.g. discriminated against; can opportunity cost of time; to pay entry costs to invest time and effort to
by system persons with occupations discriminate against the also those persons who meet requirements

that do not permit long- unsuccessful applicant to live some distance from
range planning, such as whom the outcome is areas; the cost of time is
many professionals important not recovered by anyone

Experience to date Main type of rationing Limited; however, it is a Used in US National Parks Little; entrance fees Little; merit is used to 
with use of system system used in both US common method for for many services; often sometimes charged, but allocate use for some

National Forests and allocating big-game used with reservation not to limit use specialized activities such 
National Parks hunting permits systems as mountain climbing and

river running

Acceptability of Generally high; good Low Low to moderate Low to moderate Not clearly known; could 
system to usersa acceptance in areas vary considerably, 

where used; seen as best depending on level of 
way to ration by users in training required to attain 
areas not currently necessary proficiency and 
rationed knowledge level

Difficulty for Moderately difficult; Difficult to moderately Low difficulty to Moderate difficulty; Difficult to moderately
administrators requires extra staffing, difficult; allocating permits moderately difficult; could possibly some legal difficult; initial investments

expanded hours; record- over an entire use season require development of questions about imposing to establish licensing
keeping can be could be very facilities to support a fee for wilderness entry programme could be 
substantial cumbersome visitors waiting in line substantial

Continued
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Table 16.2. Continued

Reservation Lottery First come, first served Pricing Merit

Efficiency – extent Low to moderate; Low; because permits are Moderate; because Moderate to high; Moderate to high; requires
to which system underutilization can occur assigned randomly, system rations primarily imposing a fee requires user to make expenditures
can minimize because of ‘no shows’, persons who place little through a cost of time, it user to judge worth of of time and effort (and
problems of denying entry to others; value on an opportunity requires some measure of experience against costs; maybe dollars) to gain
suboptimization allocation of permits has stand as good a chance worth by participants uncertain as to how well entry

little relationship to value of gaining entry as those use could be ‘fine-tuned’
of the experience as who place high value on with price
judged by the applicant it

Principal way in Reducing visitor numbers; Reducing visitor numbers; Reducing visitor numbers; Reducing visitor numbers; Some reduction in 
which use impact controlling distribution of controlling distribution of controlling distribution of controlling distribution of numbers as well as shifts 
is controlled use in space and time by use in space and time by use in space and time by use in space and time by in time and space; major

varying number of permits number of permits number of persons using differential prices reduction in per capita
available at different available at different permitted to enter at impact
trailheads or at different places or times, thus different places or times
times varying probability of

success

How system affects Affects both spatial and Affects both spatial and Affects both spatial and Affects both spatial and Affects style of user’s 
user behaviourb temporal behaviour temporal behaviour temporal behaviour; user temporal behaviour; user behaviour

must consider cost of must consider cost in
time of waiting in line dollars

a Based upon actual field experience as well as upon evidence reported in visitor studies (Stankey, 1973).
b This criterion is designed to measure how the different rationing systems would directly impact the behaviour of users (e.g. where they go, when they go, how they behave, etc.).
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them through some investment of time, money
or effort. A third dimension is ‘need’, and sug-
gests that benefits be distributed on the basis of
unmet needs or competitive disadvantage. A
final dimension is ‘efficiency’, and suggests that
benefits be distributed to those who place the
highest value upon them.

Insights into these dimensions of distribu-
tive justice were developed through a survey of
river runners on the Snake River in Hell’s
Canyon, Idaho, USA (Shelby et al., 1989).
Visitors were asked to rate the five use-allocation
practices described above – reservation; lottery;
first-come, first-served; pricing; and merit – on
the basis of four criteria: perceived chance of
obtaining a permit, perceived fairness of the
practice, acceptability of the practice and will-
ingness to try the practice. Results suggest that
visitors use concepts of both fairness and prag-
matism in evaluating use-rationing practices.
However, pragmatism – the perceived ability on
the part of the respondent to obtain a permit –
had the strongest effect on willingness to try each
of the allocation practices.These findings suggest
that managers have to convince potential visitors
that proposed use allocation practices are not
only ‘fair’, but that they will provide them with a
reasonable chance to obtain a permit.

A second series of studies has examined a
more extended taxonomy of equity dimensions
that might be applied to provision of a broad

spectrum of park, recreation and ecotourism
opportunities (Wicks and Crompton, 1986,
1987, 1989, 1990; Wicks, 1987; Crompton and
Wicks, 1988; Crompton and Lue, 1992). Eight
potential dimensions of equity are identified, as
shown in Fig. 16.3. A first dimension is com-
pensatory and allocates benefits on the basis of
economic disadvantage. The second two
dimensions are variations of equality and allo-
cate benefits to all individuals equally, or
ensure that all individuals ultimately receive
equal total benefits. The fourth and fifth dimen-
sions are based on demand and allocate bene-
fits to those who make greatest use of them or
those who advocate most effectively for them.
The final three dimensions of equity are market-
driven and distribute benefits based on amount
of taxes paid, the price charged for services, or
the least-cost alternative for providing recrea-
tion services.

These dimensions of equity were
described to a sample of residents in the US
State of California, and respondents were asked
to indicate the extent to which they agreed or
disagreed with each dimension of equity as a
principle for allocating public park and recrea-
tion services (Crompton and Lue, 1992). A
majority of the sample agreed with only three
of the dimensions. These dimensions were, in
decreasing order, demonstrated use, price paid
and equal benefits.
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Visitor attitudes and preferences

Despite the complex and controversial nature
of use rationing and allocation, there appears to
be considerable support for a variety of such
management practices among visitors (Stankey,
1973, 1979; Fazio and Gilbert, 1974; Lucas,
1980, 1985; McCool and Utter, 1981, 1982;
Utter et al., 1981; Shelby et al., 1982, 1989;
Schomaker and Leatherberry, 1983; Glass and
More, 1992; Watson, 1993; Watson and
Niccolucci, 1995). Research suggests that even
most individuals who have been unsuccessful
at obtaining a permit continue to support the
need for use rationing (Fazio and Gilbert, 1974;
Stankey, 1979; McCool and Utter, 1982). A
study of visitors to three wilderness areas in the
US State of Oregon found that support for use
restrictions was based on concerns for protect-
ing both resource quality and the quality of the
visitor experience (Watson and Niccolucci,
1995). Support by day hikers was influenced
most strongly by concerns with crowding,
while support by overnight visitors was influ-
enced by concern for both crowding and envi-
ronmental impacts.

Preferences among alternative use-
rationing practices have been found to be
highly variable, based on both location and
type of user (Magill, 1976; McCool and Utter,
1981; Shelby et al., 1982, 1989; Glass and
More, 1992). Support for a particular use-
allocation practice appears to be related pri-
marily to which practices respondents are
familiar with, and the extent to which they
believe they can obtain a permit. A study of
river managers found that first-come, first-
served and reservation systems were judged the
two most administratively feasible allocation
practices, and were also the most commonly
used practices (Wilke, 1991).

In keeping with the generally favourable
attitude towards use limitation described
above, most studies have found visitor compli-
ance rates for mandatory permits to be high,
ranging from 68% to 97%, with most areas in
the 90% range (Lime and Lorence, 1974;
Godin and Leonard, 1977; van Wagtendonk
and Benedict, 1980; Plager and Womble,
1981; Parsons et al., 1982). Moreover, permit
systems that have incorporated trailhead quotas
have been found to be effective in redistribut-

ing use both spatially and temporally (Hulbert
and Higgins, 1977; van Wagtendonk, 1981;
van Wagtendonk and Coho, 1986).

Pricing

Among the use-rationing and allocation prac-
tices described above, pricing has received
special attention in the literature. Pricing is the
primary means of allocating scarce resources in
a free-market economy. Economic theory gen-
erally suggests that higher prices will result in
less consumption of a given good or service.
Thus, pricing may be an effective approach to
limiting use of parks and related ecotourism
areas. However, park and recreation services in
the public sector have traditionally been priced
at a nominal level, or have been provided free
of charge. The basic philosophy underlying this
policy is that access to park and recreation ser-
vices is important to all people and no one
should be ‘priced out of the market’. Interest in
instituting or increasing fees at parks and out-
door recreation areas has generated a consider-
able body of literature that ranges from
philosophical to theoretical to empirical
(Anderson and Bonsor, 1974; Gibbs, 1977;
Manning and Baker, 1981; Driver, 1984;
Manning et al., 1984, 1996; Rosenthal et al.,
1984; Cockrell and Wellman, 1985a,b; Dustin,
1986; Manning and Koenemann, 1986; Martin,
1986; McCarville et al., 1986; Walsh, 1986;
Daniels, 1987; Dustin et al., 1987; Harris and
Driver, 1987; Leuschner et al., 1987;
McCarville and Crompton, 1987; McDonald et
al., 1987; Wilman 1988; Bamford et al., 1988;
Reiling et al., 1988, 1992, 1996; Schultz et al.,
1988; Fedler and Miles, 1989; Stevenson,
1989; Manning and Zwick, 1990; Kerr and
Manfredo, 1991; Peterson 1992; Christensen et
al., 1993; Reiling and Cheng, 1994; Scott and
Munson, 1994; Emmett et al., 1996; Lundgren,
1996; McCarville, 1996; Reiling and Kotchen,
1996; Bowker and Leeworthy, 1998).
Legislation authorizing extended application of
fees and higher fees at US national parks and
other federal public lands (popularly known as
the ‘Fee Demonstration Program’) has gener-
ated especially intense interest, and has given
rise to an expanded body of scholarly and pro-
fessional literature, including special issues of
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the Journal of Leisure Research [31(3)] and the
Journal of Park and Recreation Administration
[17(3)].

Studies of pricing have tended to focus on
several issues related to its potential as a recre-
ation management practice. First, to what
extent does pricing influence use of parks and
related areas? Several studies have found an
inverse relationship between price and use
(Lindberg and Aylward, 1999; Richer and
Christensen, 1999; Schroeder and Louviere,
1999). For example, a study of day users at six
US recreation areas administered by the Army
Corps of Engineers found that 40% of respon-
dents reported they would no longer use these
areas if a fee was instituted (Reiling et al.,
1996). However, other studies have shown little
or no effects of pricing on recreation use levels
(Manning and Baker, 1981; Becker et al., 1985;
Leuschner et al., 1987; Rechisky and William-
son, 1992). The literature suggests that the influ-
ence of fees on recreation use is dependent
upon several factors, including:

1. The ‘elasticity of demand’ for a park or
recreation area. Elasticity refers to the slope of
the demand curve that defines the relationship
between price and quantity consumed (or vis-
itation). This issue is illustrated in Fig. 16.4. The
demand for some recreation areas is relatively
elastic, meaning that a change in price has a
comparatively large effect on the quantity con-
sumed (or visitation). The demand for other
recreation areas is relatively elastic, meaning
that a change in price has a comparatively
small effect on the quantity consumed (or
visitation).
2. The significance of the recreation area.
Parks of national significance, such as Yellow-
stone National Park in the USA, are likely to
have a relatively inelastic demand, suggesting
that pricing is not likely to be effective in limit-
ing use unless price increases are quite dra-
matic. Parks that are less significant are likely
to be characterized by more elastic demand,
and pricing may be an effective use-allocation
practice.
3. The percentage of total cost represented by
the fee. In cases where the fee charged repre-
sents a relatively high percentage of the total
cost of visiting a recreation area, pricing is
likely to be a more effective use-limiting

approach. However, where the fee charged
represents only a small percentage of the total
cost, pricing is not likely to be an effective use-
limiting approach.
4. The type of fee instituted. Pricing structure
can be a potentially important element in deter-
mining the effectiveness of fees as a manage-
ment practice. For example, a daily-use fee
might be more effective in limiting total use
than an annual pass that allows unlimited use
opportunities for a flat fee.

A second issue addressed in the literature is the
acceptability of fees to potential visitors. Again,
study findings are mixed, though they often
suggest that there is a substantial willingness to
pay for park and recreation services (Bowker et
al., 1999; Krannich et al., 1999; Vogt and
Williams, 1999; Williams et al., 1999; Winter
et al., 1999). However, research suggests that
the acceptability of fees is at least partially
dependent on several factors, including:

1. Dispensation of resulting revenues. If reve-
nues derived from fee programmes are retained
by the collecting agency and reinvested in rec-
reation facilities and services, then fees are
often judged to be more acceptable to park vis-
itors.
2. Initiation of fee or increase in existing fee.
Public acceptance of new fees where none
were charged before tends to be relatively low
compared to increases in existing fees.
3. Local or non-local visitors. Local visitors
tend to be more resistant to new fees or
increased fees than non-local visitors. As
described above, this is probably because fees
represent a larger percentage of the total cost of
visiting a recreation area for local visitors.
Moreover, local residents are likely to visit a
given recreation area more often than non-
local residents.
4. Provision of comparative information.
Visitor acceptance of a fee is likely to be
greater when information is provided on the
costs of competing or substitute recreation
opportunities, and when visitors are made
aware of the costs of providing recreation
opportunities.

A third issue concerns the potential for pricing
to discriminate against certain groups in soci-

Use Rationing and Allocation 281

BUCKLEY MAKE-UP  23/6/04  10:33 AM  Page 281



ety, particularly those with low incomes and
minority racial and ethnic groups. Once again,
research on this issue is mixed. For example,
one study examined the socio-economic char-
acteristics of visitors to two similar outdoor rec-
reation areas in the US state of Virginia, one of
which charged an entrance fee, and the other
did not (Leuschner et al., 1987). No differences
were found in income levels, suggesting the fee
had no discriminatory effect. However, several
studies have found evidence of discriminatory
effects (Mak and Moncur, 1998; Bowker
and Leeworthy, 1998; Bowker et al., 1999;
Schneider and Budruk, 1999). For example, two
studies of willingness to pay recreation fees at
state parks and Army Corps of Engineers day-
use areas in the US found that lower-income
visitors had a more elastic demand curve than
did high-income users, as illustrated in Fig. 16.4
(Reiling et al., 1992, 1994). This suggests that
pricing may discriminate against lower-income
visitors.

A final issue concerns the use of differen-
tial pricing to influence recreation use pat-
terns. Differential pricing consists of charging
higher or lower fees at selected times and loca-
tions. Research demonstrates that outdoor rec-
reation tends to be characterized by relatively
extreme ‘peaking’. That is, certain areas or
times are used very heavily, while other times
or areas are relatively lightly used. Can pricing

be used to even out such recreation use pat-
terns? Research is suggestive of this potential
use of pricing (LaPage et al., 1975; Willis et al.,
1975; Manning et al., 1982). For example,
studies of experimental differential campsite
pricing at state parks in Vermont, USA, docu-
mented significant shifts in campsite occu-
pancy patterns (Manning et al., 1984; Bamford
et al., 1988).

Conclusion

Environmental impacts of ecotourism demand
management action to protect significant natu-
ral and cultural resources, as well as the qual-
ity of the visitor experience. Managers have
at their disposal an array of management
actions that range from indirect, light-handed
approaches, such as information/education, to
direct, more heavy-handed approaches, such
as rationing and allocation. While the former
may be preferred, the latter may ultimately be
required, at least in some places at some times.
A growing body of research offers guidance
concerning the range of management actions
that might be used to ration and allocate use of
parks and related ecotourism sites, their poten-
tial advantages and disadvantages, and diffe-
rential effects they may have on selected groups
in society.
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Introduction

Protected areas worldwide are becoming more
and more crowded, with more and more
people visiting them for more and more differ-
ent activities. This applies to all types of pro-
tected areas, but particularly to IUCN Category
II areas, referred to here as national parks, or
simply parks. Visitors include private individu-
als, non-profit groups and commercial tour cli-
ents. Global demand for nature and adventure
tourism and recreation continues to grow, and
parks provide one of the main opportunities.
Parks agencies now have to devote a consider-
able proportion of their time and resources to
visitor management; often, much more than
they can now devote to conservation manage-
ment. Their research and information needs
have changed accordingly. The same applies
for other public and private owners and man-
agers of land with high recreational use.

In parks with low visitation, the major
monitoring requirements relate to external
environmental threats, such as: weeds and feral
animals entering the park from neighbouring
properties and becoming established; unsched-
uled fires; outbreaks of plant or animal dis-
eases; illegal human activities, such as
poaching, logging or seed collecting; and air or
water pollution in the park from external
sources upwind or upstream. In parks and other
land with high levels of visitation, land manag-

ers also need information on visitor character-
istics, visitor impacts and the effectiveness of
visitor management tools. Visitor characteris-
tics may include numbers, origins, activities,
expectations and satisfaction, and are deter-
mined principally from on-site visitor surveys,
sometimes coupled with automatic counters
and similar approaches. The effectiveness of
visitor management tools can be assessed both
in terms of increased visitor satisfaction, and
reduced visitor impacts.

Monitoring visitor impacts requires some-
what different approaches from monitoring
impacts of external threats, though many of the
impact mechanisms, environmental parameters
affected, and sampling or measurement tech-
niques are the same. The significance of ecolog-
ical impacts from tourism and recreation has
been recognized widely by protected area
management agencies (Parks Canada, 2001;
USNPS, 2001), environmental non-government
organizations (GYC, 2001) and researchers
(Leung and Marion, 2000; Buckley, 2001, 2002,
2003; Sirakaya et al., 2001; Newsome et al.,
2002). However, the practical issues involved in
monitoring these impacts still seem to be prob-
lematical for many agencies. For tourism in
parks, there are many lists of potential ecologi-
cal indicators that have not been implemented
in practice, many systems of management indi-
cators with little ecological basis, and many
ecological studies of recreational impacts
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which do not provide management indicators.
Indicators that are both scientifically defensible
and feasible and valuable in management, how-
ever, are very rare.

Context for Indicators

Uses of indicators

Broadly, parks agencies use environmental
indicators in order to: determine what impacts
tourists and other visitors are having on the
park’s natural environments; compare them
with impacts from other sources; and undertake
and evaluate management responses. In partic-
ular, environmental degradation caused by
local visitor impacts can be addressed most
effectively by managing the visitors, whereas
those caused by other external impacts can
only be addressed by management of natural
resources directly. Commonly, individual pro-
tected area management agencies have specific
administrative frameworks within which they
collect and use such indicators. For example,
some parks agencies have policies or require-
ments to produce regular reports on the state of
the parks, whereas others may use impact indi-
cators to allocate funds for infrastructure and
rehabilitation work.

Green cf. brown indicators, local and
global scales

The effects of the human economy on the nat-
ural environment may conveniently be clas-
sified into two major categories, known
respectively as green and brown (or grey)
impacts. Broadly, green impacts are those that
involve consumption of biological resources,
e.g. by the forestry sector, with consequent loss
of biodiversity and ecosystem area. Brown
impacts damage the natural environment
though discharge of wastes. Burning fossil fuels
to generate electricity or drive cars, for exam-
ple, releases greenhouse gases and various
other atmospheric pollutants. Energy consump-
tion can thus be used as an aggregate measure
of global atmospheric impacts. Brown indica-
tors such as these are therefore used widely in
environmental performance measurement and

accreditation schemes, including those in the
tourism industry (Font and Buckley, 2001).

For tourism in protected areas, however,
local-scale but proportionally large impacts on
in-park biodiversity are more significant eco-
logically than broad-scale but proportionally
smaller impacts on global air quality. Certainly,
tourists can have considerable impacts on air
and water quality in some parks, but these are
ecologically significant more because of local-
scale effects on vegetation and aquatic ecosys-
tems, than because of their contribution to
global pollution. Generic indicators of brown
impacts are therefore not particularly relevant
for managing tourism in parks, unless they are
carefully selected and customized for a partic-
ular waste management issue of immediate
ecological significance to conservation of the
natural environment in the park concerned.

For example, at a global scale, burning
wood for small-scale heating generally pro-
duces less total environmental impacts than
burning highly refined petroleum products. In a
number of heavily used parks in the Himalayas,
however, collecting firewood for trekkers has
caused widespread deforestation, whereas the
quantity of fuel needed to replace fires with fuel
stoves is very small on a global scale. In this
instance, therefore, fuel stoves are environmen-
tally preferable.

Local-scale indicators of green impacts, in
contrast, while of little relevance for airlines or
urban hotels, are critical for tourism and recrea-
tion in protected areas and similar fragile
environments. The many generic guidelines,
checklists, indicators and accreditation schemes
for sustainability in tourism overall, therefore,
are of little use for tourism and recreation in
parks. A very different set of indicators is needed,
focusing on local-scale green rather than global-
scale brown impacts, and devised by biologists
and ecologists rather than engineers and social
scientists. Many potential indicators have been
identified (Leung and Marion, 2000; Sirakaya et
al., 2001; Newsome et al., 2002), but rarely have
they been implemented in practice.

Baselines and benchmarks

Impacts can only be detected as a change rela-
tive to a prior baseline. Even indicators that
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measure environmental quality rather than
environmental impacts can only be used for
management if there is a benchmark to com-
pare them against. Benchmarks are also needed
if environmental degradation or management
at one park is to be assessed in a national,
regional or global context. And if indicators of
different types are to be aggregated to yield an
overall comparative measure of environmental
quality, impact or management performance,
they must first be expressed as numerical meas-
ures with similar means, range and variance;
and normalization against a benchmark is gen-
erally the first step. Standardization can be
useful in comparing different indicators against
each other, e.g. to determine which changed
the most or the fastest. Aggregate indices com-
piled from a suite of standardized indicators are
useful for comparisons between parks in the
same geographic region or legal jurisdiction;
for comparisons between regions and coun-
tries; and for tracking trends over time, whether
locally or globally. The availability of baselines
or benchmarks, or the feasibility of establishing
them, is hence a significant consideration in
selecting specific indicators of tourism impacts
in parks.

Fluctuation, cycles and trends

Most environmental parameters that are
responsive enough to serve as indicators of
tourist impacts are also likely to experience
considerable natural variation. A baseline for
such parameters is hence not a single fixed
numerical value, but a pattern of variation in
space and time, with defined confidence limits.
Depending on its purpose, a benchmark may
need to be defined in a similar way. Relevant
patterns of variation will typically include: sea-
sonal cycles, and perhaps also diurnal and
multi-year cycles; fluctuations related to events
such as floods, frosts or fires; spatial patterns
related to terrain and geology; and spatial pat-
terns associated with internal processes such as
the formation and regeneration of gaps in forest
cover caused by the death of individual trees,
or periodic fires regulated by the gradual accu-
mulation of plant biomass. In addition to natu-
ral sources of variation, many environmental
indicator parameters may also be affected by a

range of anthropogenic factors not associated
with tourism or recreation; and these must also
be quantified and taken into account in estab-
lishing and using indicators of tourism impacts
specifically. For example, air and water quality
in a protected area may be subject to off-park
impacts from nearby roads or factories, or
towns or farmland upstream. In most countries,
for example, the proportion of watercourses
which effectively retain wilderness water qual-
ity is extremely small. Indicators of environ-
mental quality to be used in, for example,
state-of-the-park or state-of-the-environment
reporting, need to include impacts from all
sources, including those off-park. Indicators to
be used in managing tourists and other visitors,
however, need to differentiate clearly between
impacts associated with tourism and recrea-
tion, and those associated with other human
activity.

Users, ecosystems and impact types

Different types of user engaged in different
types of activity have different types of impact
in different types of ecosystem. To be useful in
management, indicators in any particular pro-
tected area need to focus on impacts which are
ecologically significant for its particular ecosys-
tem, and which reflect the particular character-
istics and activities of its users. For example, if
a park is free of a particular weed or pathogen
species, but at risk that visitors may import it on
their clothing, livestock or vehicles, then the
distribution of the weed or pathogen in areas
around the park, and the effectiveness of visitor
quarantine measures, become particularly
important indicators. In a park where wildlife
suffer significant disturbance in winter from off-
track recreational snowmobiling, with poten-
tial effects on individual energetic balance and
overwinter survival, then indicators of snow-
mobile noise and activity patterns, and animal
stress and response, will be more critical.

Short- cf. long-term impacts

Some of the effects of tourism and recreation on
the natural environment are lasting, others eva-
nescent. This applies both to immediate and
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direct impacts, and to their indirect conse-
quences. For example, the sound of an engine
backfire or a pneumatic tool is sharp but short.
If repeated sufficiently, however, it may drive
wildlife away from the area for an entire season
or longer, particularly if the species concerned
are also subject to hunting; and this may have
long-term effects on the species populations.
Similarly, if a toxin is discharged into a river or
a coral reef, its effects on aquatic ecosystems
may last long after the toxin itself has been
flushed away. Indicators for short-term impacts,
therefore, need to be able to detect individual
events and, if possible, quantify both their
magnitude and frequency. For longer-lasting
impacts, the time when indicators are meas-
ured is less critical. Detecting a change relative
to a baseline or benchmark, however, may
often require a more subtle sampling scheme
than for short-term effects.

Types of Indicator

Priority conservation values

Most protected areas are protected in order to
conserve particular species or ecosystems. In
some cases, notably World Heritage Areas,
these specific conservation values are defined
both in the nomination process and as an
adjunct to establishing legislation. In this case,
managers of the areas concerned need indica-
tors for those specific priority conservation
values, irrespective of the particular factors that
may be affecting them. Such indicators might
include, for example, areas of remaining undis-
turbed vegetation or animal habitat or of partic-
ular ecosystems, such as mangroves or vine
thickets; physicochemical indicators of stream
water quality; or the number of individuals in a
local population of an endangered species.

Even where priority conservation values
are not defined in established legislation or
management plans, protected area agencies
may require broadscale environmental quality
indicators such as those listed above. In parks
where external threats are a major management
consideration, indicators that show the inten-
sity or effects of these threats may be particu-
larly important. These might include, for
example, populations of feral animal species,

or indicators of water quality immediately
upstream of a park boundary.

Management process indicators

A second major category of indicator includes
those relating to management processes, effort
and outcome. Indicators of management pro-
cesses, for example, may include: the existence
of a management plan, and the level of detail it
contains; existence and detail of implementa-
tion plans for specific management issues such
as weed control or visitor education; emergency
response procedures and equipment; and visi-
tor infrastructure and interpretation pro-
grammes. Budget processes and allocations,
staffing processes and numbers, management
targets and monitoring programmes can all be
used as indicators of environmental manage-
ment processes. The extent, quality and mainte-
nance of tracks, fences, signs, parking and other
visitor facilities may also be useful indicators,
particularly if related to targets in implementa-
tion plans. Other indicators of frontcountry
management effort include, for example, man-
agement expenditure per unit area or per visi-
tor; weight or volume of litter removed or taken
to landfill; and staff time devoted to particular
activities. All of these are easy to measure and
easily modified by changed management prac-
tices; but they are only indirectly related to
either primary conservation values, or to the
specific impacts of tourism and recreation.

Indicators of backcountry ecological
impacts

In managing recreation to minimize conserva-
tion impacts, the most valuable types of envi-
ronmental indicator are those that measure
visitor impacts on backcountry areas directly.
Such indicators need to reflect ecological pro-
cesses rather than management processes.
Common examples include: track erosion;
weed distribution; human noise; microlitter at
backcountry campsites; measures of stress,
individual mortality, behavioural changes or
population impacts for particular wildlife spe-
cies; and analogous measures for particular
plant species.
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Design of Impact-indicator Systems

Criteria for indicators

Selecting broad indicators of environmental
quality, management efforts or tourism sustain-
ability is relatively straightforward. Possible
indicator parameters are tabulated by Manning
(1999, pp. 123, 128–140), Sirakaya et al.
(2001), and Newsome et al. (2002, pp.
270–272, 277, 281). Likewise, there are
numerous research-level scientific studies of
specific ecological impacts, reviewed by Liddle
(1997), Leung and Marion (2000) and Buckley
(2001); and manuals of ecological monitoring
techniques, such as Elzinga et al. (2001).

Effective indicators of significant recrea-
tional impacts on protected area ecosystems,
however, which are scientifically meaningful
and defensible as well as useful in practical
management, are more difficult to select. In
general, the most useful ecological indicators
for management will fit the following criteria:

• discriminating, so that they can differen-
tiate the impacts of tourism from other natu-
ral or anthropogenic sources of variations;

• quantifiable, at least approximately or at a
categorical level, so that management
responses can be matched to the level of
impact;

• actionable, so that if an impact is detected,
something can be done about it;

• sensitive, so that a change in the degree of
impact produces a clearly distinguishable
change in the indicator;

• ecologically significant, so that any
change indicates an effect that is important
for the park’s conservation values;

• integrated, so that the indicators used in a
particular park, or set of parks, provide a
balanced overall picture of the impacts of
tourism and recreation;

• feasible, in the sense that resources and
expertise can be made available to moni-
tor them in practice.

Distinguishing tourism impacts

To detect an impact over a given time period in
a given area from a specific source such as tour-

ists, generally requires: (i) a sampling pattern
with unimpacted control sites as well as sites
with impacts; and (ii) measurements before,
during and after the time period concerned. To
ecologists this is known as a BACI design:
Before/After, Control/Impact. For statistical
confidence, measurements need to be repli-
cated for all four of these categories. In addi-
tion, to comply fully with the mathematical
requirements of statistical tests, the sites should
be allocated randomly between impacted
‘treatment’ sites and non-impacted ‘control’
sites. In practice, as with environmental impact
monitoring in many sectors and circumstances,
these requirements often cannot all be met.
Sampling designs must be adapted to circum-
stances. The price is usually either higher sam-
pling effort, or reduced reliability of results.

To distinguish visitor impacts from other
sources of variations, several approaches are
possible, separately or in combination. The first
is to use an indicator which is specific to tourism
and recreation, or at least where other sources
are negligibly small in comparison, i.e. control
values remain zero throughout the monitoring
period. This approach is generally most practi-
cable for physicochemical indicators. Examples
include: concentrations of petroleum residues in
water samples from otherwise undisturbed lakes
used for recreational power boating; or atmos-
pheric concentrations of nitrogen oxides, or
other components of car exhausts, in a valley
subject to heavy use by recreational vehicles; or
the proportion of time during which engine
noise from recreational vehicles such as snow-
mobiles, helicopters or jetskis is audible in an
otherwise peaceful wilderness area. Biological
and microbiological indicators where this
approach can be used are less common. An
example might include the frequency of horse
droppings along a track in an area with no wild
or feral horses. For most biological indicators,
however, controls are required; and there are
some, such as the first record of a new weed or
pathogen in a given park, where even with con-
trols it is difficult to determine whether the intro-
duction was caused by visitors or other sources.

The second main approach is to use a very
localized control, where it can be assumed that
any natural variation between impacted and
control site, over either space or time, is negli-
gible compared to the impact of tourism and
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recreation. For example, soil compaction on a
walking track or campsite might be compared
with undisturbed off-track areas nearby.
However, this approach can only be used if it
can reasonably be assumed that without the
impact, there would be no distinction between
control and impacted sites. For a track crossing
flat ground, with the same vegetation on both
sides, such an assumption would be reason-
able; for a track running along the boundary
between subalpine forest and alpine meadow,
it would not.

Similarly, for a vehicle ford across a uni-
form stretch of river, the impacts of the crossing
on in-stream turbidity can be examined by
comparing water quality immediately upstream
and downstream of the ford. However, to test
for the impacts of recreational swimming on a
forest stream, it is not enough to compare water
quality upstream and downstream of a swim-
ming hole, because there might be systematic
differences upstream and downstream of all
pools in the stream, irrespective of swimmers.
In such circumstances, the difference between
water quality parameters upstream and down-
stream of the swimming hole must be com-
pared with the corresponding difference for a
similar and nearby pool in the same stream, but
without swimmers (Warnken, 1996; Buckley et
al., 2001).

Even with a control of this type, strictly
speaking, a single comparison can only test for
an impact at the particular site concerned. To
test whether the relevant impact occurs more
generally, or to determine its magnitude and
significance, would require a replicated set of
relevant comparisons. This could be done, for
example, for a set of swimming holes in the
same creek, a set of creeks in the same catch-
ment, or a set of tracks in the same forest or
meadow. A broader-scale control, such as a
comparison between different creeks with high
and low levels of tourist use, will generally be
more robust, in the sense that the results are
likely to be reliable and broadly applicable.
Smaller-scale controls, such as neighbouring
pools in a single creek, will generally be more
sensitive in the sense that they can detect a
smaller degree of impact.

The third main approach is to measure the
selected indicator parameter, or parameters, at
a number of sites with known and different

degrees of tourist activity, and to examine the
effect of tourism activity on the environmental
indicator through correlation or regression. If
the indicator parameter is also subject to influ-
ences from other factors, and those factors can
be quantified at each site, then the relative sig-
nificance of tourism can be distinguished
through multiple regression. This approach is
generally most useful where a large number of
potential monitoring sites are available; where
the impacts of tourism are diffuse rather than
localized; or where broadscale impacts over a
relatively large geographical area are of greater
interest. Examples include: the amount of
microlitter at backcountry campsites, in rela-
tion to number of visitor nights; or the number
of different weed species in different areas of
similar terrain and vegetation, relative to the
number, density and use of walking tracks.

Self-limiting cf. self-propagating impacts

Some types of impacts are self-limiting, in the
sense that if the source of impacts is removed,
its effects will gradually reduce. The time scale
of recovery may be minutes, e.g. for noise dis-
turbance to bird calls along a rainforest track;
months, as for the introduction of a weed seed
which germinates but does not survive over
winter; decades, as for the recovery of vegeta-
tion on an abandoned walking track; or centu-
ries, as for damage by off-road vehicles to
cryptogamic crusts on desert soils. Other types
of impacts are self-propagating, in the sense
that once triggered by tourism, they continue to
spread even if the source is subsequently
removed. A fire started by a tourist’s cigarette
butt, campfire or car muffler can expand very
rapidly in a period of minutes, hours or days. A
weed or pathogen inadvertently introduced in
a tourist’s car or clothing, horse feed or human
waste, may subsequently spread over following
years and decades. Even an impact such
as litter can sometimes effectively be self-
propagating through a social or psychological
mechanism, if tourists are more likely to dis-
card litter in areas where it is already present
than in areas where there is none.

Self-propagating impacts are commonly
more critical in the design of indicator systems,
because the chance of controlling them
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through management action is far greater if
they are identified as soon as they first occur.
For control of an established weed, for exam-
ple, it will probably be useful to track its areal
extent and rate of spread in relation to tourist
corridors and other disturbances, using quanti-
tative on-ground measurements and perhaps
also aerial photography or remote sensing. For
a new weed species, however, the critical issue
is to find and identify it when it first arrives and
there is still a possibility of eradicating it. If it is
not yet present in the park, there is no opportu-
nity to measure its in-park distribution; and
even if it is present, remote sensing will not
detect it until there is a sizeable patch with a
recognizable signature. If the critical indicator
is simply presence or absence, then no sam-
pling technique can substitute for experienced
field staff who can search areas of suitable hab-
itat at intervals and identify the species reliably
if they find it.

Note that particular types of impact may
behave differently in different environments,
being self-limiting in some but self-propagating
in others. For example, fire only spreads in dry
vegetation with a sufficient fuel load. Trampling
vegetation on a steep downslope alpine track
may cause expanding erosion gullies; whereas
trampling a thicket of lawyer vine in subtropi-
cal rainforest is likely to injure the person more
than the plant.

Indirect impact mechanisms

Where tourist infrastructure and activities affect
plants and animal populations through indirect
mechanisms, the first step in establishing an
indicator system is to identify what those mech-
anisms are. This may be far from straightfor-
ward, particularly if similar mechanisms have
not been identified previously elsewhere. It
may not be immediately apparent to a land
manager or tour operator that grooming snow
on ski slopes can affect small montane mam-
mals by crushing their undersnow burrows; that
the noise of helicopter overflights in a scenic
mountain range may affect the population of
rare bird species by drowning out their territo-
rial and courtship calls; that introduced weeds
may affect native plant species by competing
for insect pollinators; that an orienteering event

can cause major disturbance to deer popula-
tions; or that duck subject to recreational hunt-
ing may be killed not only by a direct hit, but
by accidentally ingesting spent lead shot when
feeding from bottom sediments. All or most of
these impacts do occur, however, and many
more besides.

Many more indirect ecological impacts
associated with infrastructure development
have been identified in various parts of the
world, and some of these could apply equally
well to tourism. For example, in one case on the
west coast of the USA, a proposed real estate
development would have cleared plants that
serve as the only food source for the caterpillars
of an endangered butterfly species during part
of the year. Even if the butterflies were else-
where when the vegetation was cleared, there-
fore, the real estate development would have
caused the extinction of the butterfly popula-
tion concerned (McDonald and Buckley,
1993). Another example is reported from the
Brazilian Amazon, in an area where a network
of tracks is dividing an area of forest into
smaller patches. One of the characteristic bird
species of the forest is an antbird, which gets its
food by following the foraging columns of a
particular species of army ant. The ants live in
large colonies which require a minimum area
of forest to survive. If the tracks divide the forest
around a colony into a patch smaller than this
minimum size threshold, the ant colony will
move en masse to a larger forest fragment,
crossing the tracks in order to do so. The ant-
birds, however, live only in undisturbed forests,
and do not venture to the forest edge or out of
the forest canopy. Therefore, if their ant colony
crosses a track, the antbirds are unable to
follow – once a patch of forest is too small to
support an ant colony, the ants can move else-
where but the antbirds die. Without a detailed
knowledge of ant and antbird ecology, how-
ever, it would not be obvious that the disap-
pearance of antbirds was due to tracks.

The point about these cases is not the par-
ticular mechanism involved, since this may be
highly specific to the ecosystem or individual
species concerned. It is simply to show that
impacts that are not immediately obvious may
in fact be quite commonplace, and may also be
highly significant for the survival of particular
species. A system of environmental indicators
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that is designed to quantify particular known
tourist impacts is unlikely to detect previously
unanticipated indirect impacts such as these,
even though these impacts may be both ecolog-
ically significant, and caused by tourism. If a
particular protected area, or other area of high
conservation value which is used for tourism
and recreation, is known to contain species or
ecosystems of high conservation value, an
effective environmental indicator programme
also needs to monitor those components
directly. And if land managers do not know
what species occur in the areas for which they
are responsible, as is indeed the case for many
protected areas, then a system for environmen-
tal indicators of tourist impacts should start
with relevant baseline studies before any tour-
ism is permitted in the protected area con-
cerned. Without such baseline information,
land managers cannot tell whether tourism and
recreation will damage the park’s primary con-
servation function.

Ecological skills and knowledge

Approaches and information, such as those
outlined above, are a fundamental part of the
knowledge and skill base of any professional
ecologist. Diagnostics on the function of any
complex system generally require specialist
information, training and experience if we want
to know what is causing abnormal symptoms.
In a human body, for example, we use a doctor
to prescribe and interpret relevant physiologi-
cal and pathological tests. Even for a far simpler
structure, such as a gas pipeline, we insist on
qualified specialist engineers to commission
and assess non-destructive tests to determine
whether the structure is still in good repair.
Natural ecosystems are far more complex than
either human bodies or any human mechanical
device or social institution. We should there-
fore expect that diagnosing impacts of tourism
in protected areas would require an ecologist
with at least as much skill as a doctor, engineer
or lawyer. And for any of these complex sys-
tems, we expect to seek specific professional
advice for every separate symptom or check-
up, incident or inspection. There are innumer-
able books in each of these fields, both popular
and reference, but we do not expect these to

substitute for individual professional consulta-
tions. Why should it be any different for ecolog-
ical expertise?

Of course, in any of these fields, expertise
may be gained by experience as well as train-
ing. Some bush mechanics, paramedics and
paralegals may be as competent as their more
highly qualified colleagues, but this is the
exception rather than the rule. Professional
qualifications are intended as a guarantee of
competence. Similarly, there are many natural-
ists and park rangers with a detailed knowledge
and understanding of particular areas and envi-
ronments, which can only be gained by long
experience in the field; and for some types of
tourist impact, their observations may be as
least as valuable as more formal monitoring
programmes. Such local expertise is becoming
rarer, however, as financial pressures force pro-
tected area agencies to move rangers between
regions more frequently, hire casual field staff
during peak seasons, and use their most expe-
rienced rangers in administration. So if parks
agencies are to monitor tourist impacts, they
will need to hire ecologists, whether on staff or
on contract. Note, incidentally, that hiring staff
trained in tourism is not an adequate substitute:
designing environmental indicators needs skills
in science, not business. It is also far easier for
an ecologist to learn how the tourism industry
works than for a tourism graduate to become an
ecologist.

Many tour operators in national parks do
appreciate the significance of environmental
indicators and are keen to assist in environmen-
tal monitoring. Some operators, indeed, trained
as biologists before turning to the tourism busi-
ness. Tour operator observations can be partic-
ularly useful where, for example, tours visit
particular sites or areas repeatedly, perhaps
more often than rangers; or where tour clients
are keen to take part in environmental pro-
grammes as an educational experience. Simi-
larly, parks agencies may be able to make use
of environmental data compiled by other
government agencies. Examples include aerial
photographs and satellite imagery from, for
example, national mapping authorities; or
water-quality sampling conducted by health
authorities. Whether or not these are suffi-
ciently specific to distinguish the impacts of
tourism and recreation is generally fortuitous,
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but sources such as these are often relevant for
broadscale indicators of environmental quality.

Indicators in practice

As with management indicators of any type,
environmental indicators of tourism impacts in
parks are most valuable if there is an oper-
ational framework in which they are used. For
example, many land-management agencies
use management frameworks based on con-
ceptual approaches, such as limited of
acceptable change, recreational capacity, etc.
(Stankey et al., 1985; McCool and Cole, 1997;
Buckley, 1998, 2000; Fennell, 1999, p. 124;
Manning, 1999; Hockings et al., 2000; Weaver
2001, pp. 82–84; Newsome et al., 2002).

In establishing an indicator programme,
therefore, the way in which results are used
may be as important as they way in which they
are collected. For example, if there are many
different indicator programmes within a single
parks agency, as is often the case, is there any
routine coordination mechanism so that man-
agers in different regions can easily find out
what projects are under way elsewhere and
with what outcomes? Is the same information
available and accessible to volunteers, environ-
mental groups or members of the public? Is the
methodology fully specified so that the reliabil-
ity of results can be assessed or audited? Is
information on indicators shared across agen-
cies, land tenures and legal jurisdictions, so
that comparisons can be made or aggregate
indices compiled? Are indicators used for test-
ing the effectiveness of management tools, for
routine reporting on the state of the protected
area estate, or for budget allocation; and, if so,
how are the results checked or audited before
they are used? If these issues can be addressed
at the design stage, they may influence the
selection of indicator parameters and the way
in which data are collected, analysed, stored
and reported.

Conclusions

Several straightforward, but none the less sig-
nificant, conclusions may be drawn from these
considerations. The most basic is that you can’t

monitor impacts without a baseline, either
measured or assumed. If you don’t know what
plant or animal species may live in the back-
country areas of your park, you won’t be able
to tell if visitors are affecting their populations.
So basic biological surveys should be a high
priority for any protected area monitoring
system. And until this information is available
no access should be granted unless it can easily
be cancelled later; and no infrastructure should
be built unless it can be fully removed and
rehabilitated.

Another basic conclusion is that protected
area agencies need field staff with training in
ecology, and the ability to identify plant
and animal species accurately and recognize
changes in plant and animal communities.
Detailed monitoring programmes do not substi-
tute for the breadth of knowledge and observa-
tional skills of an experienced ranger. So, keep
plenty of rangers in the backcountry, and keep
them at the same park long enough to learn
how it changes year-to-year.

The third major conclusion is that for effec-
tive ecological monitoring, hire ecologists.
Ecology is a profession that requires learned
skills and knowledge like any other. Indeed, it
is considerably more complex than many other
professions where we rely routinely on qual-
ified specialists. Staff trained in tourism, man-
agement or education, for example, should not
be expected to design or carry out quantitative
ecological monitoring programmes; particu-
larly those that test for more complex indirect
impacts, or involve indicators that need to be
measured using various instruments.

This does not mean that other parks staff,
visitors and tour operators cannot take part, or
assist in, ecological monitoring. There are many
useful monitoring exercises that rely on volun-
teer labour and individual reporting systems. To
be effective, however, these systems must usu-
ally be established and operated by ecologists,
and, in addition, they will rarely be able to dis-
tinguish tourism impacts specifically.

There are many park rangers, and some
tour operators, who do indeed have the interest
and knowledge to recognize which of their
observations can demonstrate a tourist-related
impact and which do not. Science, it has been
said, is only applied common sense; and distin-
guishing tourist impacts often needs only
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common-sense science. But not all parks staff
have sufficient interest or practice for this
approach to be sufficient on its own. Systematic
volunteer observations are useful, common-
sense science by rangers is better, but the only
reliable way to monitor the ecological impacts
of tourism in parks is to hire ecologists.
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Introduction

Increased visitation to natural areas has led
protected-area managers to seek tools to mini-
mize the environmental impacts of visitors.
Interpretation is one such management tool.

Interpretation has many and varied defini-
tions. One of the first, and most enduring, was
given by Freeman Tilden, who defined interpre-
tation as ‘an educational activity which aims to
reveal meanings and relationships through the
use of original objects, by firsthand experience,
and by illustrative media, rather than simply to
communicate factual information’ (Tilden,
1977, p. 8).

The management of impacts is not, how-
ever, the sole function of interpretation. Interpre-
tation can have numerous objectives, commonly
categorized into: promotion, recreation, educa-
tion and management benefits (Beckmann,
1991). Management or conservation benefits
may include: stimulating a behavioural change
to minimize personal impacts on the environ-
ment; stimulating an environmental ethic or
consciousness in visitors; or increasing the
desire of visitors to contribute to conservation
(Beckmann, 1991;Wearing and Neil, 1999).The
assumption underlying the use of interpretation
for management is that, if visitors understand the
environment they are visiting, they will be con-
cerned about and hence act responsibly towards
the environment (Bramwell and Lane, 1993).

Interpretation is often a preferred manage-
ment tool for park managers. According to
Roggenbuck (1992), interpretation programmes
are almost universally the first choice of manag-
ers as a management tool in natural areas. It is
perceived to be a cost-effective method; it is a
light-handed approach and allows visitors the
freedom of choice; and it enhances visitor expe-
riences and satisfaction (Roggenbuck, 1987;
Bright, 1994; Beckmann, 1999).

Most evaluations of interpretation have
focused on measuring knowledge and attitude
(Orams, 1997; Knapp and Barrie, 1998; Woods
and Moscardo, 1998; Beaumont, 2000). How-
ever, a change in knowledge or attitude does
not necessarily result in a change in behaviour
or a reduction in the impact (Roggenbuck,
1992). A few studies have attempted to assess
the influence of interpretation on visitor
behaviour (O’Loughlin, 1988; Manfredo and
Bright, 1991; Brown et al., 1992; Dresner and
Gill, 1994; Beaumont, 2000), but these have
commonly used self-reported behaviour or
intention to behave as the only measure of
behavioural change. Previous evaluations of
interpretation which have quantified actual vis-
itor impacts have been conducted in non-terres-
trial environments (Wagstaff and Wilson, 1988;
Medio et al., 1997), used non-personal interpre-
tive media (Cole, 1998), or have been con-
ducted with non-guided activities (Orams and
Hill, 1998; Widner and Roggenbuck, 2000).
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Methods

The aim of this research, therefore, was to
assess the effectiveness of interpretation by
measuring how much it reduced the actual
environmental impacts of visitors on guided
walks in a national park. This study seems to be
the first such evaluation in a terrestrial environ-
ment, using a well-established commercial tour
with a high standard of interpretation.

The research was conducted with the
assistance of Binna Burra Mountain Lodge in
Lamington National Park, which is part of the
Central Eastern Rainforest Reserves (Australia)
World Heritage area. A little over 200km2

in area, Lamington National Park lies about
100km south of Brisbane. It is internationally
renowned for its scenic beauty, with forested
valleys and ranges, rivers and waterfalls, and
contains significant stands of subtropical, tem-
perate and dry rainforest communities (QPWS,
1999).

Binna Burra Mountain Lodge offers its
guests a variety of guided walks in the national
park. In particular, each week, their guides lead
a walk along the Caves Circuit, a 5km track
through subtropical rainforest and open euca-
lypt forest, named after two large caves in an
eroded cliff.

In this study a variety of potential impacts
were examined. For practical experimental
purposes, three proved both measurable and
ecologically significant: shortcutting of corners
at trail switchbacks; picking up litter on the
track; and the noise level of groups.

Minimum impact messages in guided walks
can be delivered in various ways, and can
include direct appeals from the guide to modify
a specific behaviour, or role modelling of the
appropriate behaviour by the guide. The impacts
of visitors on these guided walks were quantified
experimentally under five different interpretive

programmes that were developed to utilize
these components. For convenience these pro-
grammes will be referred to henceforth as the
Control, Generic, Role Model, Appeal and
Complete interpretive programmes (Table 18.1).

The Control programme had no environ-
mental interpretation or minimum impact inter-
ventions.The visitor groups with this interpretive
programme were accompanied by a guide, but
solely to ensure the safety of the visitors and to
maintain consistency across all interpretive pro-
grammes. The Generic programme was the
foundation of all other interpretive programmes.
It consisted of environmental interpretation on
the influence of past volcanic activity in the
region and how this relates to present landforms
and vegetation. The programme incorporated
the principles of good interpretation, such as
engaging the senses of visitors, encouraging par-
ticipation and interaction, and exploring bigger-
picture issues. It did not, however, include any
minimum impact messages.

The Role Model programme incorporated
the same environmental interpretation as the
Generic programme, with the addition of posi-
tive role modelling by the guide. The guide
would display the appropriate behaviour relat-
ing to each of the impacts being measured. The
Appeal programme had the same environmen-
tal interpretation as the Generic programme,
with the addition of verbal appeals from the
guide. The verbal appeals asked visitors to
modify specific behaviours in order to mini-
mize their impact. The Complete programme
consisted of the same environmental interpre-
tation as the Generic programme, with the
addition of both the role modelling used in the
Role Model programme and the verbal appeals
from the Appeal programme.

Between 1999 and 2002, 41 walks, run by
Binna Burra Mountain Lodge along the Caves
Circuit, were examined. A total of 449 visitors
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Table 18.1. Components included in each interpretive programme.

Interpretive programme

Component Control Generic Role Model Appeal Complete

Environmental interpretation * * * *
Role modelling by guide * *
Verbal appeals from guide * *
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were included in the study, ranging in age from
children to seniors. The size of each group
varied from 2 to 32, with a mean group size of
11. The researcher went along on each tour as
one of the visitors, which made it possible to
observe group members and measure their
impacts without influencing their behaviour.

Shortcutting was measured by discreet
observation of the participants on each walk. At
each of the 11 corners on the track, the number
of participants that took a shortcut or stayed on
the track, was recorded. Role modelling of the
appropriate behaviour involved the guide
always staying on the track, walking to the end
of the switchback and staying at the front of the
group.The verbal appeal asked visitors to always
walk to the end of the track at switchbacks and
explained the consequences and impacts of
shortcutting. The results of the study were ana-
lysed using a chi-square test and odds ratios.

In measuring the amount of litter picked
up, an internal control on each walk was nec-
essary. The track was divided into two sections,
with any interventions (role modelling and/or
verbal appeal) occurring at the mid-point.
During the first section of the track, interpretive
programmes included only the basic descrip-
tive information corresponding to the Generic
programme, as above. Additional interpretation
for the Generic, Role Model, Appeal and
Complete programmes were provided during
the second section of each walk (Table 18.2).
The Control programme did not include any
interpretation in either section.

To test the effectiveness of interpretive pro-
grammes in persuading visitors to pick up litter,
it was necessary to ensure that there was always
litter on the track. An assistant would therefore
walk ahead of the group, out of sight, and place

a standard set of litter in specific places in both
sections before the group came along. After the
tour group passed, the assistant would walk
back along the track, note which litter had been
picked up, and collect any that was remaining.
The litter varied in size and colour and was typ-
ical of litter found along popular family walk-
ing tracks.

Role modelling involved the guide picking
up litter, which took place at a location where
the majority of the group could see the guide.
Verbal appeals from the guide asked visitors to
pick up any litter they saw on the track and
explained the impacts that litter has in a
national park, especially the effect on wildlife.
During the appeal the guide also informed vis-
itors that there were gloves that could be used
to pick up anything they did not want to touch
and a bag to put litter in so that they did not
have to carry it out. The results were analysed
using a logistic analysis and odds ratios.

To measure the noise level of each walk, a
similar two-stage design was used as for meas-
uring litter (Table 18.2). To measure noise, a
micro-cassette recorder was taken on each
walk, concealed in a pocket.

Role modelling involved the guide pausing
the group so that everyone was quiet to look for
wildlife.The guide would then talk quietly while
walking along. The verbal appeals from the
guide asked visitors not to shout or talk loudly,
explaining the impact that noisy behaviour has
on wildlife and that visitors would probably see
more wildlife if they were quiet.

A continuous recording of the entire tour
was taken for each walk. Following each walk,
the tape was replayed and each 5-second
interval was classified into one of 11 specific
noise levels, defined by how many people
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Table 18.2. Components included in each section for each interpretive programme.

Interpretive programme

Component Section Control Generic Role Model Appeal Complete

Environmental interpretation 1 * * * *
2 * * * *

Role modelling by guide 1
2 * *

Verbal appeals from guide 1
2 * *
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were making noise and how loud this was. For
the analysis these 11 levels were aggregated
into three categories, namely: loud talking or
shouting, quiet talking and no talking. Data
were analysed using split-plot analyses.

Results

Shortcutting
Along the Caves Circuit there are 11 corners;
however, the shape of the terrain meant that
visitors only regularly shortcut three of these:
corners A, B and C. The detailed analysis
focused on these corners only.

Corner A

At corner A, 100% of visitors in the Control and
Generic interpretive programmes took a short-
cut, compared to 80% of visitors in the Role
Model programme, 43% in the Appeal pro-
gramme and 7% in the Complete interpretive
programme (Fig. 18.1). These differences were
highly significant (P�0.001, �2�241.14, df�
4).

The odds ratios showed that:

• there was no statistically significant differ-
ence between the odds of a visitor short-
cutting in the Control programme
compared to the odds of a visitor shortcut-
ting in the Generic programme;

• the odds of a visitor shortcutting in the
Generic programme were 45 times more
likely than the odds of a visitor shortcutting
in the Role Model programme;

• the odds of a visitor shortcutting in the
Role Model programme were 5 times more
likely than the odds of a visitor shortcutting
in the Appeal programme; and

• the odds of a visitor shortcutting in the
Appeal programme were over 9 times
more likely than the odds of a visitor short-
cutting in the Complete programme.

Corner B

At corner B, 100% of visitors in the Control
interpretive programme took a shortcut, com-
pared to 86% in the Generic programme, 37%
in the Role Model programme, 27% in the

Appeal programme and 6% in the Complete
interpretive programme (Fig. 18.2). These dif-
ferences were highly significant (P�0.001, �2

�178.08, df�4).
The odds ratios showed that:

• there was no statistically significant differ-
ence between the odds of a visitor short-
cutting in the Control programme
compared to the odds of a visitor shortcut-
ting in the Generic programme;

• the odds of a visitor shortcutting in the
Generic programme were 10 times more
than the odds of a visitor shortcutting in
the Role Model programme;

• there was no statistically significant differ-
ence between the odds of a visitor short-
cutting in the Role Model programme
compared to the odds of a visitor shortcut-
ting in the Appeal programme; and

• the odds of a visitor shortcutting in the
Appeal programme were 6 times more
than the odds of a visitor shortcutting in
the Complete programme.

Corner C

At corner C, 100% of visitors in the Control
interpretive programme took a shortcut, com-
pared to 91% of visitors in the Generic pro-
gramme, 64% in the Appeal programme, 29%
in the Role Model programme and 10% in the
Complete interpretive programme (Fig. 8.3).
These differences were significant (P�0.01, �2

�237.55, df�4).
The odds ratios showed that:

• there was no statistically significant differ-
ence between the odds of a visitor short-
cutting in the Control programme
compared to the odds of a visitor shortcut-
ting in the Generic programme;

• the odds of a visitor shortcutting in the
Generic programme were 5 times more
than the odds of a visitor shortcutting in
the Appeal programme;

• the odds of a visitor shortcutting in the
Appeal programme were 4 times more
than the odds of a visitor shortcutting in
the Role Model programme; and

• the odds of a visitor shortcutting in the
Role Model programme were over 3 times
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Fig. 18.1. Shortcutting at corner A for each interpretive programme.
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Fig. 18.2. Shortcutting at corner B for each interpretive programme.
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more than the odds of a visitor shortcutting
in the Complete programme.

Summary

For all three corners, the Complete programme
consistently resulted in the least shortcutting,
and visitors were always, statistically, less likely
to shortcut than on all the other interpretive pro-
grammes. So the combination of environmental
interpretation, role modelling by the guide and
verbal appeals from the guide was always the
most effective in reducing shortcutting.

The Generic and Control interpretive pro-
grammes yielded statistically indistinguishable
results. Visitors receiving either a general envi-
ronmental interpretation programme, or none
at all, were equally likely to shortcut corners.

For all three corners, the Role Model and
Appeal interpretation programmes were more
effective than Generic or Control programmes,
but less effective than the Complete programme.
Verbal appeals were more effective than role
modelling at corner A; at corner B, they were
equally effective; and at corner C, role modelling
was more effective than verbal appeals to reduce
shortcutting. This result shows that adding either
role modelling or verbal appeals does decrease
the amount of shortcutting by visitors.

Litter

Analysis of the amount of litter picked up for
each section (Fig. 18.4) showed that there was
an influence from the interpretive programme,
on how much litter was picked up (P�0.023,
�2�11.3641, df�4).

Odds ratios were calculated to compare:

• the amount of litter picked up in section 1
for each interpretive programme;

• the amount of litter picked up in section 1
of the track versus the amount of litter
picked up in section 2, for each interpre-
tive programme; and

• the amount of litter picked up in section 2
for each interpretive programme.

Section 1

Results of the analysis of litter picked up in sec-
tion 1 by each interpretive programme showed

that there was no significant difference in the
odds of litter being picked up, between any of
the interpretive programmes.

For section 1, the Generic, Role Model,
Appeal and Complete interpretive programmes
all had the same components (Table 18.2) and,
not surprisingly, showed no difference in the
amount of litter picked up between these pro-
grammes. But, there was also no difference in
the odds that visitors in the Control programme
would pick up litter when compared to visitors
in the Generic programme.

Section 1 versus Section 2

When the amount of litter picked up in section
1 of the track was compared with the amounts
of litter picked up in section 2, for each inter-
pretive programme individually, odds ratios
showed that:

• there was no significant difference
between the odds of litter being picked up
in section 2, compared to the odds of litter
being picked up by the Control pro-
gramme in section 1, for the Control,
Generic and Role Model programmes;

• the odds of litter being picked up by the
Appeal programme in section 2 was over
11 times more than the odds of litter being
picked up by the Appeal programme in
section 1; and

• the odds of litter being picked up by the
Complete programme in section 2 was 14
times more than the odds of litter being
picked up by the Complete programme in
section 1.

The only programmes that increased the odds
of litter being picked up were the Appeal pro-
gramme (environmental interpretation, plus
verbal appeals from the guide for visitors to
pick up litter) and the Complete programme
(environmental interpretation, verbal appeals,
plus role modelling by the guide).

Section 2

When the amount of litter picked up by each
interpretive programme in section 2 of the track
was compared, odds ratios showed that:
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• there was no significant difference
between the odds that litter would be
picked up by the Generic programme in
section 2, compared to the odds of litter
being picked up by the Control pro-
gramme in section 2;

• there was no significant difference
between the odds that litter would be
picked up by the Role Model programme
in section 2, compared to the odds of litter
being picked up by the Generic pro-
gramme in section 2;

• the odds of litter being picked up by the
Appeal programme in section 2 was over 5
times more than the odds of litter being
picked up by the Role Model programme
in section 2; and

• there was no significant difference
between the odds that litter would be
picked up by the Complete programme in
section 2, compared to the odds of litter
being picked up by the Appeal programme
in section 2.

The addition of role modelling in the Complete
programme did not significantly increase the

odds that litter would be picked up. This
is based on the finding that visitors in the
Complete programme (environmental interpre-
tation, role modelling and verbal appeals) were
equally likely to pick up litter in section 2 as
visitors in the Appeal programme (environmen-
tal interpretation and verbal appeals). Addi-
tionally, there was no significant difference in
the odds that visitors in the Role Model pro-
gramme (environmental interpretation and role
modelling) would pick up litter to a greater
extent when compared to visitors in the
Generic programme (environmental interpreta-
tion).

Summary

Verbal appeals from the guide were the only
factor that influenced whether litter was picked
up. The Complete programme and Appeal pro-
gramme were the only interpretive programmes
where visitors picked up more litter in section
2, after role modelling, than in section 1.
Visitors in both of these programmes were
found to be equally likely to pick up litter as
each other, showing that the inclusion of role

304 C.J. Littlefair

P
er

ce
nt

ag
e 

of
 ti

m
e

30

25

20

15

10

5

0

1 standard error 

Section 1

1 standard error 

Section 1

Interpretive programme

GenericRole ModelAppealComplete

Fig. 18.5. Mean (
1 SE) percentages that visitors in each interpretive programme were shouting or
talking loudly, in sections 1 and 2.

BUCKLEY MAKE-UP  23/6/04  10:33 AM  Page 304



modelling in the Complete programme did not
increase the odds that litter would be picked
up.

The Role Model, Generic and Control pro-
grammes were all equally likely to pick up litter
in section 2 as in section 1. This result confirms
that role modelling did not increase the amount
of litter picked up, as those in the Role Model
programme were not more likely to pick up
litter in section 2, after role modelling, com-
pared to section 1. Visitors in the Control and
Generic programmes were equally likely to
pick up litter as each other, showing that the
addition of environmental interpretation, com-
pared to no environmental interpretation, did
not increase the odds that litter would be
picked up.

Noise

Both verbal appeals and role modelling by the
guide focused principally on reducing shouting
and loud talking, as this behaviour is consid-
ered to be inappropriate for a national park. For
each walk, the amount and percentage of time
that the group was shouting or talking loudly, in
each section, was determined, and the mean
value for each interpretive programme calcu-
lated (Fig. 18.5). The analysis showed that there
was no significant difference between sections
for each interpretive programme (P�0.259, F�
1.429, df�3). The Control programme was
removed from this analysis because the experi-
mental conditions resulted in the dispersion of
visitors away from the recorder, so the noise
recorded was not considered to be an accurate
representation of the influence of the interpre-
tive programme.

Although not statistically significant, there
does appear to be a trend that visitors in the
Complete, Appeal and Role Model pro-
grammes, spent proportionately less time being
noisy in section 2, after role modelling and/or
verbal appeals, than in section 1. The Generic
programme, which had no difference in the
interpretive components between section 1
and 2 (Table 18.2) showed similar values in sec-
tion 2 and section 1.

The analysis of the talking and quiet cate-
gories also showed no significant difference
between section 1 and section 2 for each inter-

pretive programme (P�0.179 and P�0.085,
respectively).

Summary

Three categories of noise behaviour were ana-
lysed: shouting and loud talking, talking and
quiet. For all three noise categories, there was
no significant difference between the interpre-
tive programmes. Although not significant,
there was a pattern of reduced shouting and
loud talking following verbal appeals and/or
role modelling in the Complete, Appeal and
Role Model programmes. This result implies
that interventions of role modelling and/or
verbal appeals may reduce noisy behaviour.

It is likely that any pattern was not signifi-
cant because of the high variation in time spent
being noisy between the walks, despite the
enormous volume of data collected (over
60,000 individual 5-second intervals). Future
research, with a greater number of walks, may
reduce variation and be able to detect any dif-
ference statistically.

Conclusion

There are two key implications from this study.
The first implication is that environmental inter-
pretation will not reduce visitor impacts unless it
specifically addresses those impacts in the inter-
pretive programme. Both the litter and shortcut-
ting results show that the groups that had general
environmental interpretation fared no differently
(that is, no better or worse) to groups without any
environmental interpretation. It was only when
the impacts were specifically addressed by
verbal appeals and/or role modelling that any
reduction in the impact was found.

Secondly, where visitors may be unclear as
to the specific actions needed to reduce impacts,
role modelling by the guide is imperative in
assisting the group to understand and engage in
the correct behaviour. This outcome was seen in
the shortcutting results, where role modelling
played an important part. Prior to role modelling,
many visitors were unsure of where the correct
track was and, without being shown, even the
visitor with the best intentions made mistakes.

This research demonstrated that environ-
mental interpretation does have the potential to
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be used as an effective management tool to
reduce visitor impacts. Interpretation is most
effective in reducing impacts when those impacts
are specifically addressed by the interpretation,
and visitors have a positive role modelling of the
appropriate behaviours. However, caution
should be taken by natural resource managers, as
interpretation is not necessarily the solution to
reducing all impacts. The best approach may be
the use of a number of management options that
can reduce a particular impact.
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Introduction

Wildland recreation and tourism use continues
to increase in many protected areas in North
America (Cole, 1996). In many coastal areas,
activities such as sea-kayaking, sport-fishing
and power-boating have become increasingly
popular, leading to challenges for resource
managers charged with maintaining natural
conditions and quality visitor experiences.
Although overall data are lacking, it has been
widely reported that sea-kayak camping, in
particular, has grown in popularity in the US in
recent years (K. Cordell, Georgia, USA, per-
sonal communication, 2002), and coastal areas
in Alaska offer the opportunity for extended
sea-kayak expeditions with a high degree of
solitude. In one of the areas known for quality
kayaking and nature tourism experiences,
Prince William Sound (PWS), total kayak visitor
use days have nearly doubled between 1987
and 1998 (Twardock and Monz, 2000).
Managing recreational resources in the PWS
area is particularly difficult because visitor use
is dispersed and unregulated, campsites are
widely distributed geographically, and with
travel being exclusively by boat, there are no
identifiable trails leading to the sites. The pop-
ularity of PWS extends well beyond Alaska, as
visitors are attracted from across the US,
Canada and Europe. Sustainable ecotourism
use requires that these wildland environments

be protected not only from large-scale threats
such as development, but also from visitor
activities with the potential to create long-
lasting impacts to soil, vegetation, water and
wildlife resources (Marion and Leung, 1998).

Assessment and monitoring of campsite
conditions has been employed in many areas in
the USA as an important component of an over-
all wildland management strategy (e.g. Frissell,
1978; Cole, 1983a,b; Marion, 1991; Monz,
1998). The loss of vegetation, soil erosion and
associated aesthetic degradation of sites is a
significant management concern, particularly
when visitation is increasing. Moreover,
impacted sites not only tend to increase in size
with increasing use, but impacted areas can
also proliferate, as campers move from
degraded sites to unused areas. Since an over-
whelming proportion of soil and plant impact
tends to occur with the first few nights of visita-
tion, this trend can cause a rapid increase in the
total amount of impacted area (Hammitt and
Cole, 1998). An initial assessment and subse-
quent, continued site monitoring can provide
vital information to determine the extent and
type of management actions needed to pre-
serve the wilderness or pristine character of an
area.

This project was initiated to assess the
location and extent of visitor-created impacts in
the PWS as a consequence of wildland tourism
and recreation activities. Given the nature of
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visitor activities in the area, we focused our
assessments on beaches readily accessible by
sea kayak and motorboat, where camping was
possible. Our goal was to establish a network of
campsites for long-term impact monitoring and
to identify areas of current and potential use.

Approach

Study area

Prince William Sound, Alaska is located
roughly at 61°N 148°W, and spans a large geo-
graphic area of over 10,000km2. PWS is remote
and accessible by road only from the towns of
Valdez and Whittier, and boat from Cordova,
Tatitlek and Chenega. The region is well known
for the principal economic activities of com-
mercial fishing and crude oil transportation,
but, more recently, ecotourism and recreation
activities have increased, with commercial
sight-seeing tours, cruise lines and sea-kayak
outfitters now operating extensively in the area.
Many of the visitors are drawn by the wild
nature and wilderness character of the sound –
huge mountains and glaciers, abundant wild-
life and opportunities for solitude.

Although PWS is an outstanding wilder-
ness, the area has a long history of human use,
starting with Natives using open boats and
kayaks for travel. Today, human activities con-
tinue in such forms as hunting, fishing, mining,
subsistence (living based on hunting, gathering
and fishing), logging and water-based recrea-
tion. The US Forest Service (Chugach National
Forest) manages most of the uplands of Prince
William Sound, including the 800,000ha
Nellie Juan Wilderness Study Area. In addition
to the National Forest, there are State Marine
parks, Alaska native village and regional corpo-
ration lands, municipal lands, private lands and
state university lands adjacent to the Sound.

Management of visitor use is complicated
by the large and geographically complex
nature of the region. While there are few access
points, there are over 4000km of shoreline,
consisting of rocky cliffs interspersed with
beaches of a grey sandstone (‘graywacke’) and
slate (Lethcoe, 1990). Upland visitation in the
temperate spruce/hemlock rainforest is limited
due to the boggy nature of most soils above the

beaches. The majority of use in western PWS
occurs in the summer months, due to the wet,
windy and cold conditions between September
and April, although hunting may be a substan-
tial off-season use. In May of 2000 a new road
opened to Whittier, which was previously
served only by railroad. This increased access
was widely expected to result in an immediate
and dramatic increase in overnight use on the
sound from nearby Anchorage; however, to
date, the expected use has not materialized.
According to the Alaska State Department
of Transportation, 119,000 people used the
Whittier road between April 2001 and March
2002, well below the 600,000 projected visi-
tors and slightly above the recent historical use
via rail of approximately 100,000 (Dobyn,
2003). Anecdotal accounts report increases in
kayak use, although no actual use estimates
have been made since the road opened.

PWS is surrounded by a northern temper-
ate spruce/hemlock rain forest with 60–300
inches of precipitation per year and moderate
temperatures. Thin, wet, acidic soils overlay
bedrock and gravel substrates. Beaches consist
of graywacke and sand, with plant commu-
nities of dune grass (Elymus mollis), a perennial
found in cobble and sand, and succulents such
as seabeach sandwort (Honkenya peploides),
beach pea (Lathyrus maritimus) and oysterleaf
(Mertensia maritima). Uplands have open peat
bogs and mixed stands of western hemlock
(Tsuga heterophylla) and sitka spruce (Picea
sitchensis). The beach/forest transition is a thick
wall of sitka alder (Alnus crispa) and a variety
of willow (Salix sp.). The forest understorey
includes high bush blueberry (Vaccinium oval-
ifolium), ferns (Athyrium filix and Dryopteris
expansa), horsetail (Equisetium spp.), dwarf
dogwood (Carnus canadensis), devils club
(Oplopanax horridus), wintergreen (Pyrola
asarifolia), skunk cabbage (Lysichiten ameri-
canum) and peat mosses (Sphagnum spp.).

In 1989, the tanker Exxon Valdez ran
aground on Bligh Reef, and the resulting spill
oiled approximately 800km of shoreline (Neff
et al., 1995). As a consequence of natural pro-
cesses and clean-up efforts, little observable
surface oil remained 2 years after the spill
(Wiens et al., 1996), although significant eco-
system components and processes remain
impaired over 12 years later (Exxon Valdez Oil
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Spill Trustees, 2002). The clean-up efforts intro-
duced many thousands of workers and boats in
areas that had previously received little human
activity, and impacts such as the trampling of
beach vegetation were observed.

Campsite assessment

This research utilized standard campsite assess-
ment protocols (Monz, 2000), similar to those
developed by the National Park Service
(Marion, 1991) and the USDA Forest Service
(Cole, 1983a,b) in many protected areas
throughout the USA. Inventory parameters for
each camping area (Table 19.1) allow for future
relocation of campsites and provide basic
descriptive information, while the impact
parameters (Table 19.2) are an estimate of the
departure from natural conditions. Additional
methodological details are provided in Monz
(1998) and Kehoe (2002).

For measurement of the campsite areas,
we employed the radial transect method
(Marion, 1991; Monz, 2000). Condition class
measurements followed a standard categorical
approach (e.g. 0 through 5 numerical ratings,
from very low to very high impact) as suggested
by Marion (1991) and detailed in Kehoe (2002).

A Garmin hand-held global positioning
system (GPS) unit (model GPS 45, Garmin
International, Lenexa, Kansas, USA) was uti-
lized to obtain approximate latitude/longitude
coordinates on all beaches. Photos were taken
at each site to document impacts and to help
with site relocation.

Data analysis

Campsite areas were determined geometrically
from the radial transect data by utilizing a
custom computer program (J. Marion, Virginia,
USA, 2002). Relative vegetation cover loss was
calculated by the following formula:

% cover in campsite
RCL �1–

% cover in control plots
�100

All data were summarized and synthetic vari-
ables were calculated using Microsoft Excel
(Microsoft Corporation, Bellvue, Washington,

USA) and SPSS statistical software (SPSS Inc.,
Chicago, Illinois, USA).

Results

Over the duration of the project (1995–2000),
campsite conditions at 138 campsites at some
94 beaches were assessed. Many additional
areas, where camping was possible and no
observable impact was found, were examined
and mapped for future reference. Assessments
were generally made in mid to late June of each
year, a time when long-lasting impacts are
more apparent, as it is relatively early in the vis-
itor season. As has been reported previously
(Monz, 1998), a large range of campsite condi-
tions was found, with campsite condition
classes ranging from 0–5 and the median con-
dition class being 4 (Table 19.3). This indicates
that sites tend to be moderately to highly
impacted. There are also several important
beaches where multiple impacted areas are
forming, due to multiple parties camping simul-
taneously. Impacted area of campsites ranged
from 8 to 257m2, with the median campsite
size being 35m2. Sites exhibited substantial
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Table 19.1. Inventory parameters.

Site number Site location (GPS
(designated) and coordinates)
name

Substrate of landing Substrate of campsites
area

Number of campsites Compass orientation of 
at beach beach

GPS, global positioning system.

Table 19.2. Impact assessment parameters.

Size of impacted area Condition class

Vegetative ground Vegetative cover off
cover on site site

Mineral soil exposure Tree damage

Root exposure Number of tree stumps

Number of trails Number of fire sites

Litter and trash present Observable human
waste
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relative vegetation cover loss (median�58%)
compared to adjacent control plots (Table
19.3). Mineral soil exposure was not as exten-
sive, at 19%.

Multiple trailing, cut trees and shrubs, and
the presence of camping trash were the most
frequent impacts observed, being found on 72,
41 and 43% of the sites inventoried, respec-
tively (Table 19.4). Other impacts were some-
what less prevalent, with substantial root
exposure found at 27% and fire scars and rings
at 34% of the sites inventoried. Evidence of
improperly disposed of human waste was
found at only 9% of the sites surveyed.
Excessively large campsites, with impacted
areas greater than 50m2, were found at 34% of
the sites inventoried.

Campsites were found on four primary
substrate types: (i) a coarse beach gravel sub-
strate (‘graywacke’) dominated by beach
grasses and succulents; (ii) a highly organic soil
in the forest understorey dominated by mosses
and forbs; (iii) areas of beach cobble (stones of
2–4cm in diameter) with low densities of beach
grasses; and (iv) sand with diverse plant cover.
Sites on sand were the least frequent in the
study area, but vegetation loss on these sites

was the least of the four types investigated
(Table 19.5).

The greatest vegetation loss, highest min-
eral soil exposure, and highest condition class
ratings were observed on gravel substrates, sug-
gesting that the beach grass community was the
most susceptible to impact (Table 19.5). No sig-
nificant differences were observed in the over-
all size of the impacted area among the four
substrate types, but the size varied widely, from
a mean of 37m2 on the gravel sites to 73m2 on
the sand. A subset of sites were re-measured
during the study and a comparison of the pri-
mary and secondary assessments for 12 sites
revealed no significant change in five impact
parameters over a 3–4-year period (Table 19.6).

Discussion

Assessment and monitoring of campsite condi-
tions is an important information-gathering step
in the overall management of resource condi-
tions. Monitoring programmes have been
applied and effectively utilized in many natural
areas (e.g. Frissell, 1978; Cole, 1983b; Marion
and Leung, 1997), and are a fundamental com-
ponent in the application of long-term planning
frameworks, such as Limits of Acceptable
Change (Stankey et al., 1985) or Visitor
Experience and Resource Protection (National
Park Service, 1997). Assessment work often
highlights the need for management actions,
and monitoring can help ascertain their effec-
tiveness. None the less, difficult decisions must
be made from a management standpoint, and
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Table 19.3. Summary of campsite conditions in
Prince William Sound. Values are medians
followed by minimum and maximum values.

Prince William
Sound study

Impact parameter area

Number of sites inventoried 138
Condition classa 4 (0–5)
Relative vegetation cover loss 58% (0–97)

(RCL)
b

Mineral soil exposure 19% (2.5–98)
Tree damage ratingc 0 (0–2)
Root exposure ratingc 0 (0–2)
Number of tree stumps/ 0 (0–14)

damaged shrubs
Number of trails 2.0 (0–9)
Number of fire rings 0 (0–5)
Litter/trash ratingc 1 (0–3)
Area of observable impact 35 m2 (8–257)

a Follows Marion (1991), except as noted in Methods.
b Calculated as described in Methods.
c Rating systems were the following scale:
1�‘little/none’; 2�‘moderate’ and 3�‘severe’.

Table 19.4. Frequency of observation of impact
problems at the PWS. Values are the percentage
of sites that demonstrate the indicated impact
parameter.

Impact parameter Frequency

 Moderate tree/shrub damage 37
 Moderate root exposure 27
Cut tree stumps/cut shrubs 41
Multiple trailing 72
Fire impacts observable 34
Significant presence of camping trash 43
Observable human waste 9
Campsites larger than 50 m2 34
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monitoring can inform, but not accomplish, the
decision process.

Campsites in Prince William Sound tend to
fall in the moderately impacted range, showing
a high level of cover loss, damage to adjacent
trees and a significant number of additional
trails (Tables 19.3 and 19.4). These results sup-
port the previous, preliminary work in PWS,
which reported similar findings (Monz, 1998).
It should be noted that we also collected
descriptive and photographic information,
which has now been catalogued and archived
for future reference. This information will prove
valuable in future efforts of re-assessment and
for very general qualitative comparison.

Hammitt and Cole (1998) describe a
general relationship between the amount of use
and the loss of vegetation cover. In general, the
initial use tends to result in the majority of distur-
bance to plant/soil communities and these
observations have led to the recommendation of
camping in sites that are already highly dis-
turbed. Once the impact has occurred, little

additional impact accrues on these disturbed
areas. Leung and Marion (2000) expand on this
principle by comparing the total impact of dis-
persal verses containment strategies, that is,
comparing repeated camping on impacted sites
verses selecting new, pristine areas. In general,
use must be very low or substrates highly resist-
ant for dispersal to be effective, otherwise
impacts can proliferate extensively.These princi-
ples are illustrated in this study with the beach
grass community existing on the gravel and
cobble substrates. Although the vegetation is
highly susceptible to initial use (probably due to
the ease of stem breakage of the tall grasses),
areas devoid of vegetation are then highly resist-
ant to any further impact, because of the gravel
substrate with little or no organic soil that
remains. This is contrasted with the soil that in
the forested areas adjacent to beaches, which
showed a trend of less relative cover loss initially,
but may continue to be susceptible to distur-
bance because of the thick, soft organic horizon
and the potentially slow plant re-growth. We
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Table 19.5. A comparison of selected impact parameters on campsites of differing substrate types.

Substrate type*

Impact parameter Organic soil Gravel Cobble Sand

Relative vegetation cover loss (%) (RCL) 42a 84c 58b 16a
Condition class 2.2a 3.5b 2.5a 1.6a
Mineral soil exposure (%) 10a 80c 55bc 37ab
Area of observable impact (m2) 42.8NS 37.1NS 57.3NS 72.7NS

N 49 23 45 7

* Values are means. Means followed by the same letter are not significantly different with Scheffeí’s multiple
comparison test at P�0.05. NS, no significant difference found.

Table 19.6. An examination of change in conditions on 12 campsites during a 3–4-year period for
selected impact parameters.

Assessmenta

Impact parameter Primary Secondary t valueb P valueb

RCL (%) 75.5 79.6 �0.500 0.627
Condition class 3.8 3.1 �2.000 0.071
Soil exposure (%) 64.7 69.3 �0.455 0.658
Trash rating 1.5 1.6 �0.616 0.551
Area of observable impact (m2) 54.8 58.0 �0.633 0.561

a Values are means. Primary assessment is the initial assessment, secondary assessments are measurements
conducted 3 or 4 years afterward.
b t and P values reported are from the paired t-test, N�12.
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observed that the soils in the forest understorey
were easily displaced and disturbed by hiking
boots, and therefore visitors still possibly affect
even sites normally considered beyond suscep-
tibility to additional impact. At most beaches,
camping is possible on both beach gravel and
forest understorey surfaces, and often very func-
tional campsites can be found on beach gravel
within a few metres of the forest interface. An
important management implication of these
findings is to make every effort to: (i) have visi-
tors camp on the gravel surfaces whenever pos-
sible; (ii) avoid any additional disturbance to the
intact beach grass community; and (iii) avoid
substantial travel and camping in the forest
understorey, even in areas previously disturbed.

Comparison of primary and secondary
measurements at a subset of sites suggests that
overall impacts are not changing significantly
(Table 19.6). This should be interpreted with
caution, as relatively few sites were re-measured
extensively over the duration of the project. Our
observations at many additional areas revisited
but not re-measured would also support this
finding. This trend should be monitored care-
fully if reported trends of increased visitation
continue (Twardock and Monz, 2000). Impacts
can proceed rapidly if visitors do not camp on
bare gravel substrates and instead select vege-
tated areas for new camps, regardless of the veg-
etation type.

Recent studies have contrasted dispersal
versus containment strategies in forested eco-
systems of the eastern US (Williams and
Marion, 1995; Marion and Leung, 1997). These
and other results indicate that, in general, in
areas where use levels tend to be low and resist-
ant soil/plant communities exist, dispersal can
be an effective strategy. In areas with higher use
and with sensitive soil/plant communities, such
as those found in both the beach grass and
forest understorey areas in PWS, containment
strategies can be a more effective method of
avoiding overall increases in disturbance.
Traditional containment practices involve
developing a system whereby overnight visitors
are required to camp in designated sites or in a
certain zone, and a certain level of site devel-
opment (e.g. site numbers, hardened surfaces,
fire grates) often accompanies this strategy. This
approach is advantageous in limiting resource
impacts, but changes the visitor experience

somewhat, with a more developed camping
feel.

Our results and observations over the dura-
tion of this project suggest that in PWS, it may
be possible to limit future impacts by directing
visitors away from vegetated areas susceptible
to impact, to the abundant, highly resistant
exposed beach gravel for overnight camping.
Given the ease with which the beach grass veg-
etation is disturbed, visitors need to diligently
avoid plants when landing, camping and hiking
along the beaches, and should also avoid stor-
ing their kayaks on vegetated areas. Recently,
the US Forest Service has initiated an extensive
visitor education programme with interpretive
information at the put-in sites in Whittier and
Valdez and at the National Forest visitor centre.
If effective, this approach could maintain the
‘pristine’ site camping experience, minimize
resource impacts, and, although costs of the
education programme have been incurred,
reduce the need for, and cost of, site mainte-
nance in the field. Future re-measurement of the
sites established in this study will enable the
evaluation of the effectiveness of this education
programme and overall management strategy.

As suggested in the previous work on
campsite impact in PWS (Monz, 1998), addi-
tional questions beyond the scope of this study
remain. One important question from a mana-
gerial context is the resiliency of both the beach
grass vegetation and the forest understorey
with site closure following significant impact.
Observations in the field suggest that regenera-
tion may be significant for some plant species;
an experimental study with applied levels of
disturbance would clarify this issue.

Conclusions

Primitive camping beaches in the PWS area
have experienced some resource degradation
due to visitor activities and, should visitation
continue to increase, it is likely that additional
impacts will occur. The results and observations
presented here suggest that visitor impacts,
although substantial and widespread, are not
increasing significantly, although future assess-
ments should be made, given the possibility of
increased use. Perhaps most importantly, this
work has documented the extent, location and
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characteristics of the current resource impacts
in an effort to support ongoing, appropriate
management and visitor education strategies.

Vegetation loss was high in both the beach
grass and forest understorey communities.
However, once established, sites on the
exposed beach gravel are highly resistant to
additional use and, whenever possible, visitors
should camp on these sites exclusively. Multiple
trailing, damage to trees and the presence of
camping trash were noted at a substantial
number of sites, and these impacts are being
addressed by managers through a visitor educa-
tion programme. Periodic re-measurement of
the network of sites is recommended to evalu-
ate the effectiveness of current management
strategies.
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Introduction

Commercial tourism and private recreation in
national parks and other areas of high conser-
vation value are continuing to grow in both
economic and environmental significance
(Buckley, 2000a). Some impacts are local,
others diffuse; some immediately obvious,
others not; some ecologically significant,
others less so; some recover if tourists are
removed, whereas others continue to increase;
some are easily controlled and managed,
others not (Buckley, 2000b). The most serious
are those that are important but insidious: dif-
fuse, not immediately obvious, self-propagat-
ing, irreversible and damaging to conservation.
Prime examples include feral animals, weeds
and pathogens; and one such pathogen is the
oomycete Phytophthora cinnamomi, com-
monly known as jarrah dieback or cinnamon
fungus. A number of other Phytophthora and
Pythium species also cause plant dieback dis-
eases (Erwin and Ribeiro, 1996; Podger and
Keane, 2000; Shearer and Smith, 2000) but P.
cinnamomi is particularly virulent and easily
spread.

Historically, construction of logging and
mining roads into production forests has been
of particular concern in spreading P. cinnam-
omi (Newhook and Podger, 1972; Podger et al.,
1996). More recently, however, the role of tour-
ism and recreation in dispersing dieback dis-

ease into protected areas has received
increased attention (Shearer, 1990; Podger et
al., 1996). It is this role that we review here. To
provide an appreciation for its significance,
however, the life history, distribution and eco-
logical effects of P. cinnamomi are first sum-
marized below.

Life History, Distribution and Impacts

P. cinnamomi has been isolated from over 900
plant species in 67 countries (Zentmeyer, 1980;
Irwin et al., 1995). It is one of the most damag-
ing plant pathogens in recorded history: in some
Australian plant communities, it can eliminate
50–75% of plant species (Weste and Marks,
1987). It occurs in all Australian States and
Territories, but its impacts are particularly severe
in woody vegetation in the south-west and
south-east, where it is a longstanding manage-
ment concern in many parks and forests
(Newhook and Podger, 1972; Shearer, 1990,
1994; Hill et al. 1994, 1995; Barker and
Wardlaw, 1995; Castello et al., 1995; Irwin et
al., 1995; Podger et al., 1996; Shearer and
Dillon, 1996; Cahill, 1999; Podger and Keane,
2000). It spreads by direct mycelial growth
between plant roots and by zoospores in surface
and subsurface soil water, and survives adverse
conditions within its plant hosts and by produc-
ing resistant chlamydospores (Weste and
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Vithanage, 1979; Shea et al., 1980; Kennedy
and Weste, 1986; Kinal et al., 1993; Hill et al.,
1994; Cahill, 1999). Symptoms include chloro-
sis, cankers and collar rot on the stem, root rot
and death, shoot wilting and dieback, stem
shrinkage, crown dieback and plant death, com-
monly within 3 years of infection (Weste and
Marks, 1987; Davison and Shearer, 1989;
Newell and Wilson, 1993; Davison and Tay,
1995a,b; Shearer and Dillon, 1995; Shanahan
et al., 1996; Shearer and Smith, 2000). Plants
may also be infected asymptomatically (Pratt
and Heather, 1973). Susceptibility differs greatly
between species and genotypes, with trees and
shrubs in the Proteaceae, Myrtaceae and
Epacridaceae particularly affected, and forbs,
grasses and sedges least (Cho, 1983; Marks and
Smith, 1991; Wills, 1992; Cahill et al., 1993;
Stukey and Crane, 1994; Wills and Keighery,
1994; Irwin et al., 1995; Tynan et al., 1998). The
most heavily affected plant communities are
temperate heaths, woodlands and forests on
infertile sandy and gravelly soils with low
organic content and microbial activity, espe-
cially where subject to flooding because of
topography or impermeable subsurface hori-
zons. Resistance is also reduced by other
stresses such as drought, salinization, hypoxia,
waterlogging, fire, insects or other pathogens
(Shea et al., 1980; Weste and Marks, 1987;
Marks and Smith, 1991; Davison, 1994;
Davison et al., 1994; Barker and Wardlaw,
1995; Bunny et al., 1995; Castello et al., 1995;
Shearer and Dillon, 1995, 1996; Brasier, 1996;
Podger et al., 1996; Burgess et al., 1999a,b;
Podger and Keane, 2000; Aberton et al., 2001;
Wilson et al., 2003). Sporulation and mycelial
growth generally require warm, moist soils, so
the pathogen is uncommon in arid and cold
montane regions. In some areas the pathogen is
active year-round, but with seasonal variations;
in others it is only active during part of the year
(Shea et al., 1980; Hill et al., 1994; Duncan and
Keane, 1996). The areas affected by P. cinnam-
omi are likely to increase as global climate
change increases temperatures, ultraviolet radi-
ation and carbon dioxide concentrations in
southernAustralia (Brasier, 1996; Chakrabarty et
al., 2000).

Historically and currently, P. cinnamomi
has caused greatest damage to parks and forests
in temperate southern Australia: south-western

Western Australia, Mount Lofty and Kangaroo
Island in South Australia; and non-alpine
Victoria and Tasmania (Newhook and Podger,
1972; Anon, 1975; Havel, 1979; Underwood
and Murch, 1984; Kennedy and Weste, 1986;
Davison and Shearer, 1989; Podger et al., 1990;
Weste and Ashton, 1994; Barker and Wardlaw,
1995; Hill et al., 1995; Shearer and Dillon,
1995; Duncan and Keane, 1996; Newell,
1998; Wilson et al., 2000). It is generally absent
or insignificant in the arid inland areas of cen-
tral Western Australia, southern Northern
Territory, northern South Australia, and western
New South Wales. It occurs widely in the trop-
ical north, but to date appears to have caused
only localized damage, e.g. to Eucalyptus tet-
rodonta in the Northern Territory (Weste, 1983)
and a small number of rainforest sites in
Queensland (Davison and Shearer, 1989; Daly,
1998; Brown, 1999; Pryce et al., 2002).

It is not clear whether it is native to
Australia; and if so, to what regions (Pratt and
Heather, 1973; Brown, 1976, 1999; Palzer,
1985; Goosem and Tucker, 1999; Podger and
Keane, 2000). There seem to be four main pos-
sibilities: (i) it has long been widespread, but
has become damaging over recent decades in
south-western Western Australia, Victoria and
Tasmania because of logging and road con-
struction; or (ii) it has long been present in areas
where it occurs but currently causes little
damage, such as Queensland and New South
Wales, and has been spread in recent decades
into the high-damage areas of south-western
Western Australia, Victoria and Tasmania; or
(iii) it has long been present in the high-damage
area of south-western Western Australia, has
spread more recently into new high-damage
areas in Victoria and Tasmania, and is now
spreading into new areas in New South Wales
and Queensland, which will suffer high
damage in future; or (iv) it is spreading into the
tropics and subtropics, but has little impact
because soil microflora and plant mycorrhizae
are more diverse and abundant.

There appears to be evidence both for and
against each of these propositions. For exam-
ple, many Australian plant communities are
subject to periodic fires, floods and droughts,
irrespective of human influences. Again,
mycorrhizae are also particularly prevalent in
infertile sandy soils. According to Podger and
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Keane (2000), ‘colonisation of Australian land-
scapes by P. cinnamomi is almost certainly in
its third century and the pathogen is now estab-
lished in a mosaic over millions of hectares of
native vegetation’. Shearer and Smith (2000)
argue that there is ‘strong evidence it was intro-
duced to vulnerable forests in the south from
tropical vegetation further north’.

Similarly, it is not clear to what degree the
pre-European distribution of plant species and
communities in Australia reflect the long-term
influence of P. cinnamomi. These issues are
important for management, since different
strategies are likely to be effective or ineffective
in areas where P. cinnamomi is a new and
robust invader, attacking plant communities
with no resistance or immunity, cf. areas where
plant communities are in a long-term balanced
equilibrium between P. cinnamomi attack and
plant resistance, with the balance recently
tipped towards P. cinnamomi through human
activities. In the temperate south, the former
seems to apply, with highly visible dieback
fronts and patches in newly infected areas, par-
ticularly along roads. In the wet tropics and
subtropics the pathogen currently appears less
aggressive, but there are a number of infesta-
tions and no grounds for complacency.

In heavily affected areas, the effect of P.
cinnamomi is to reduce cover and abundance
of woody plants and increase those of forbs,
grasses and sedges; often completely changing
the character of the vegetation (Kennedy and
Weste, 1986; Wills, 1992; Wills and Keighery,
1994; Peters and Weste, 1997). Rare plant spe-
cies may be threatened (Gadek, 1999). Initial
changes can produce positive feedback effects
as a thinning tree canopy increases soil temper-
ature, reduces humus and microbial activity,
lowers transpiration and increases runoff – all
favourable to P. cinnamomi (Anon, 1975;
Davison et al., 1994; Duncan and Keane, 1996)

These changes in vegetation also affect
animal communities: the smaller mammals of
closed-canopy forests and dense shrubland are
replaced by larger open-country grazers, and
nectar-feeding birds and arboreal mammals
decrease in abundance and diversity (Kennedy
and Weste, 1986; Wills, 1992; Castello et al.,
1995; Er, 1997; Newell, 1998). Soil inverte-
brate faunas and microbiota may also be mod-
ified (Newell, 1997). As one example of faunal

impacts, Antechinus stuartii decreased in abun-
dance in areas affected by P. cinnamomi in the
Brisbane Ranges, Victoria (Newell and Wilson,
1993; Newell, 1998): A. stuartii nest sites in
Eucalyptus were not affected, but the pathogen
caused a decline in Xanthorrhoea australis,
where A. stuartii forages for insects.

Tourism Impacts and Management

Tourism contributes to the spread of P. cinnam-
omi dieback both by spreading spores, myce-
lium and infected plant material, and by
changing conditions in ways which increase
plant stress and susceptibility (Shea et al., 1980;
Weste, 1983; WACALM, 1992; Kinal et al.,
1993; Gillen and Napier, 1994; Castello et al.,
1995; Podger et al., 1996; Shearer and Dillon,
1996; Podger and Keane, 2000; Shearer and
Smith, 2000). Direct dispersal of spores is much
more significant in most areas. Spores may be
spread in fill, construction, gravel, sand and
other materials used for infrastructure construc-
tion, track building and landscaping. Spores are
also carried in mud, soil and water on earth-
moving and construction machinery, and on
vehicles belonging to land-management agen-
cies, maintenance crews, commercial tour
operators and private individuals. Spores can
be dispersed along roads and tracks by trucks,
buses and cars; and off-road by public, private
and commercially owned four- and six-wheel
drive (4WD and 6WD) vehicles, trail bikes,
mountain bikes, horses and human footwear.
Spores can be carried across lakes and along
rivers by boats; and into backcountry and wild-
erness areas on hikers’ boots and camping
equipment such as trowels and tent pegs. Once
introduced, P. cinnamomi can continue to
spread through plant-to-plant transmission,
transport of spores in surface and subsurface
water flows, and on both native and feral ani-
mals (Kinal et al., 1993; Brown, 1999). This
may become apparent immediately, or it may
remain hidden until the area concerned is
affected by fire, heavy rain, drought, insect
pests or other pathogens.

Ideally, mapping should be the first step in
any management strategy, but this is not always
straightforward, since the effects of the patho-
gen may take some time to become apparent
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in newly infected areas. Mapping techniques
include aerial survey and photography, ground
survey, floristic community analysis and direct
sampling of individual plants or soil (Western
Australia Forests Department, 1982; Kennedy
and Weste, 1986; Cahill and Hardham, 1994;
Fouche, 1995; Newell, 1998; Goosem and
Tucker, 1999; Podger and Keane, 2000; Shearer
and Smith, 2000; Pryce et al., 2002). Because
of technical difficulties and costs in accurate
mapping, the boundaries between infected and
uninfected areas are rarely demarcated with
any precision. In addition, the distribution of
the pathogen can be very patchy at a small
scale (Pryce et al., 2002). Hence a negative
assay may not necessarily indicate conclusively
that an area is uninfected.

A number of chemical treatments have
been trialled, but they are only partially effec-
tive, may have phytotoxic and other side-effects
and are generally too expensive for broadscale
use (Shea et al., 1980; Weste and Marks, 1987;
Hardy et al., 1994; Aberton et al., 1999; Pegg,
1999; Jackson et al., 2000). Chemical agents
tested to date include phosphonates and phos-
phites (Aberton et al., 1999; Jackson et al.,
2000) and metalaxyl (Irwin et al., 1995).
Attempts at biological control using bacteria
and fungi antagonistic to P. cinnamomi have
not proved effective in the field (Newhook and
Podger, 1972; Hardy et al., 1994; Irwin et al.,
1995; El-Tarabily et al., 1996; You et al., 1996;
Li et al., 1997; Cahill, 1999).

In relatively dry, level areas where P. cin-
namomi spreads plant-to-plant, it can be
blocked by clearing vegetation from a barrier
zone and keeping this bare for several years
(Hill et al., 1994). Small, heavily affected areas
may be revegetated with resistant species or
cultivars (Cahill et al., 1993; Weste and Ashton,
1994; Stukely and Crane, 1994; Irwin et al.,
1995; Weste et al., 1999; Wilson et al., 2000).
Management actions that accelerate the spread
of the pathogen, such as burning off, thinning,
track and infrastructure construction and main-
tenance, and other disturbances, can be
restricted to seasons of low Phytophthora activ-
ity (Shea et al., 1980; Hardy et al., 1994).
Secondary spread of P. cinnamomi spores can
be restricted by improving drainage in areas
prone to waterlogging, by locating roads and
tracks in valleys rather than on ridges, and by

sealing roads and hardening paths (Weste and
Marks, 1987; Gillen and Napier, 1994; Hill et
al., 1994). Such approaches are only likely to
be effective if applied on a catchment scale,
including public or private land outside pro-
tected area boundaries (Barker et al., 1996;
Peters and Weste, 1997).

Realistically, in most areas there is no
effective way to control P. cinnamomi once it
has been introduced into a new catchment or
susceptible area of vegetation. The only effec-
tive management strategy is to quarantine areas
that are unaffected from those that are already
infected (Wilson et al., 2000). The only reliable
quarantine approach is to ban access com-
pletely to uninfected catchments. Even this may
not be effective if animals can spread spores
across watersheds. Where access restriction is
not feasible for legal, political or practical rea-
sons, the most effective approach is a pro-
gramme of strict hygiene to mimimize the
spread of spores. This approach is also valuable
in catchments where only small areas have, as
yet, been affected. Hygiene approaches require
complete sterilization of all materials used in
road and track construction and similar infra-
structure; thorough washdown and disinfection
of all wheeled vehicles, both motorized and
unmotorized, every time they enter an unaf-
fected area; and systems for cleaning horses’
hooves, hikers’ footwear and camping equip-
ment (Chester, 1999; Wilson et al., 2000).
These approaches are used in national parks in
south-western and south-eastern Australia, but
their effectiveness has not been tested experi-
mentally. In particular, it seems unlikely that
vehicle washdown and hiker boot-scrubbing
stations are used by 100% of drivers and hikers,
whether private or commercial; or that they
remove 100% of spores from vehicle undercar-
riages, tyres, hooves and boots.

A parallel approach, which has been used
in Tasmania for a number of years, is to encour-
age tourists to visit uninfected sites before they
visit areas known to carry P. cinnamomi infes-
tations. Maps of areas known to be affected by
dieback are shown at national park entrance
stations and trailheads. However, by the time
visitors are made aware of this information, it
may be too late in practice for them to redesign
their itineraries. Therefore, although this educa-
tional approach is valuable, it needs to reach
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domestic and international tourists and visitors
sooner if it is to prove effective in the long term.

Current management approaches, espe-
cially in Western Australia, focus on complete
quarantine of so-called protectable areas where
P. cinnamomi is not yet present and which are
likely to remain uninfected if strictly isolated
(Podger and Keane, 2000). Hygiene-based
attempts to slow or limit the spread of the dis-
ease into areas that will probably become
infected eventually, seem to have been dis-
missed as ineffective.

Conclusion

Phytophthora dieback is very significant for the
Australian tourism industry because affected
areas lose their scenic attraction, and because
quarantine requirements may restrict access for
commercial operators and individual visitors.
Not surprisingly, tour operators and industry
associations have lobbied against any restric-
tions on access (Chester, 1999), arguing instead
for approaches based on hygiene. However,
whether they would be prepared to invest the
capital and incur the operating expenses to
make such approaches work in practice, is far
from clear. For example, one obvious approach
would be to halt all external vehicles at the
boundary of a national park or an uninfected
area, and transfer passengers to other vehicles
which remain permanently within the unin-
fected zone. However, this would require
major investment in vehicles, garaging, refuel-
ling, security and so on. It also relies on iden-
tifying the boundaries between infected and
uninfected areas, which is commonly proble-
matic. Similarly, hikers and bushwalkers might
be required to scrub down their boots, tent
pegs, etc. at the park entrance, dip them in dis-
infectant and or phosphonate, and have them
inspected by a ranger before continuing. Before
such systems are instituted, however, it will be
necessary to test how effective they are in
removing P. cinnamomi spores: both to assure
land managers that they are useful manage-
ment techniques, and to convince private and
commercial users that the effort is worth
making. Currently, the only effective manage-
ment approach seems to be a complete access
ban and strict quarantine for protectable areas,

rendering such areas entirely off limits for both
individual recreation and commercial tourism,
as well as any other users.
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Introduction

National parks, World Heritage areas and other
conservation reserves protect biological diver-
sity and provide clean water. Most jurisdictions
also permit recreation in reserve areas. In some
countries, tourism may contribute to the estab-
lishment and maintenance of reserves.The use of
reserves for individual and commercial tourism
and recreation is increasing very rapidly world-
wide.The ecological impacts of this use, and the
resources required to manage those impacts, are
increasing correspondingly. Quantitative moni-
toring data on the types, extent and degree of
such impacts, in relation to the types, timing and
intensity of tourist activities, are hence vital, in
order to manage reserves for their primary con-
servation purpose. Most importantly, reserve
managers need early-warning indicators of tour-
ist impacts, before those impacts reach the
threshold of irreversible damage.

Different types of impact have different
relative significance in different ecosystems.
Trampling by hikers does less lasting damage to
vegetation in mesic than extreme environ-
ments, but weed seeds and fungal spores are
more likely to establish. Human voices are a
major disturbance to fauna in subtropical rain-
forest, but not on snowcapped mountaintops.
Human wastes can cause a far greater increase
in nutrient concentrations in small alpine
ponds or desert waterholes than in higher-

volume rivers. Hence different ecological
parameters are more critical indicators of tour-
ist impacts in different conservation reserves.
Here, therefore, we describe an iterative
approach to identifying a low threshold early-
warning indicator of human recreational
impacts for one such reserve.

Specifically, the aim of this project was to
test the effectiveness of microbiological water
quality parameters as an early-warning indica-
tor of the environmental impacts of tourism and
recreation in a subtropical rainforest national
park.

Study Site

Lamington National Park is a World Heritage
subtropical rainforest conservation reserve
about 70km inland, in south-east Queensland,
Australia. It lies at approximately 153º 04’W
and 28°17’S, and has a total area of 22,000ha.
It has not been logged, has no human impact
other than tourism and recreation, and is of very
considerable conservation significance. It is
well known internationally and receives around
about 300,000 visitors annually.

The park is a part of an eroded volcanic
massif, a plateau sloping gently north, bounded
to the south by a steep erosion rim, and dis-
sected by the deep gorges of two northward-
flowing river systems, the catchments of which
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lie entirely within the park. Annual rainfall has
ranged from 1000 to over 2500mm over the
past decade. Monthly rainfall ranges from
50mm in August and September to 250mm in
April. The main wet season runs from
December to May. Summer storms can deposit
over 100mm in 24h.

The volcanic soils support three principal
vegetation types. Along the southern escarp-
ment there is a narrow band of southern beech
forest dominated by Nothofagus cunninghamii
and also characterized by Telopea spp. The drier
east-facing spurs support tall brush-box forest
dominated by Lophostemon conferta, with a
relatively open rainforest understorey. The
remainder of the park supports a very dense and
diverse multistorey rainforest, with numerous
vines, epiphytes and buttresses. Along the rivers
and their tributaries, treeferns and large epi-
phytic ferns are particularly prevalent.

The park is an important habitat area for a
number of rare, endangered, threatened,
endemic and restricted animal species, includ-
ing the Lamington blue spiny crayfish
(Euastacus sulcatus); various endangered frogs
such as the Fleay’s barred frog (Mixophyes
fleayi) and the cascade tree frog (Litonia pear-
soniana); the Hastings river mouse (Pseudomys
oralis), Albert’s lyrebird (Menura alberti) and
the magnificent riflebird (Ptiloris magnificus),
as well as less conspicuous species.

The two access roadheads into Lamington
National Park have accommodation and asso-
ciated facilities. Elsewhere in the park, hiking
(unrestricted) and overnight bush camping
(with a permit) are the only activities allowed.
Pets, firearms and open fires are banned, and
rock climbing and abseiling are restricted. The
park is crossed by a series of tracks, and most
hikers stay on these, since off-track progress
can be slow and painful, through hook-spined
lawyer vines (Calamus spp.) and stinging trees
(Dendrocnide excelsa). Comfortable campsites
are very limited, and overnight camping along
the tracks is restricted to designated sites.

The main impacts of tourists in Lamington
National Park are hence: the introduction of
weeds and possibly pathogens, principally
along tracks; noise disturbance to native fauna,
including marsupials and birds; and contami-
nation of watercourses. Here we focus on the
last of these, for the following reasons: (i) water

quality in streams is a good integrative measure
of impacts in their entire catchments; (ii) the
streams and rivers are one of the main tourist
attractions and some sections are heavily vis-
ited; (iii) some of the park’s more significant
species, such as the rare spiny crayfish and
frogs, live in the streams; and (iv) stream water
is used by visitors and needs to be of potable
quality.

Canungra Creek, the main river in the
western part of the park, has two branches of
very similar length, streamflow, sinuosity, geol-
ogy, soils and vegetation, known as West Fork
and East Fork. The West Fork is heavily visited,
with many tracks along the river and elsewhere
in its catchment. The East Fork is relatively inac-
cessible and rarely visited, with no tracks. The
park’s most popular recreational swimming
area is Blue Pool on the West Fork, easily
accessible by a half-day hike from the western
roadhead.

Tourism activity in the Canungra Creek
catchment is relatively low-key: day hikes
along formed trails, and swimming and pic-
nicking, principally at Blue Pool. Camping at
Blue Pool itself is not permitted. There is a rarely
used flat area, large enough for a single tent, at
the junction of the East and West Forks, and
another (flooded at high water) halfway from
Blue Pool to the junction. There are multi-tent
camping areas, designated by the park manage-
ment agency, above the boundary of the
Canungra Creek catchment, on the rim of the
Lamington plateau, but these drain southwards,
away from Canungra Creek. There is a heavily
visited tourist lodge and car camping area at
the roadhead west of Canungra Creek West
Fork, but again this drains outside the Canungra
Creek catchment. There are public toilets at the
carpark, but they flush to fully sealed tanks with
no external drainage. Recreational impacts on
water quality are hence derived almost entirely
from day visitors.

These tourists could therefore affect water
quality by: eroding soil on tracks; leaving food
scraps and other litter in or near watercourses,
and rinsing out food containers in the creek;
direct contact with the water by swimmers of
all ages, including babies still in nappies; dis-
turbance of streambed sediment; and urination
and defecation in the catchment. We have
observed all these behaviours. Their most likely
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immediate impacts on water quality are to
increase concentrations of suspended sedi-
ment, organic matter, nitrogen and phos-
phorus, and microorganisms from the human
gut. The increase in nitrogen and phosphorus
may also increase biomass of benthic algae and
sessile aquatic invertebrates, as occurs in the
oligotrophic freshwater lakes of Fraser Island
(Hadwen et al., 2003). However, both in
Canungra Creek and other freshwater bodies in
the region (Arthington et al., 1989; Bunn et al.,
1995, 1997; Pusey et al., 1995), these biomass
parameters are subject to such high natural var-
iability that they cannot detect human impacts
at the low level occurring in Lamington
National Park.

We therefore focused on the principal
nutrients, nitrogen and phosphorus; and on the
major gut bacteria from humans and other
mammals, coliforms and enterococci. These
parameters are sufficiently specific for human
impacts to be detectable, but sufficiently broad
to affect instream ecology. A number of other
microbiological indicators were also consid-
ered, notably: pathogenic bacterial species;
protozoa and viruses; and new detection meth-
ods based on molecular techniques (Tsai et al.,
1993; McDaniels et al., 1996; Venkateswaran
et al., 1996, 1997; Jinru et al., 1998). Such
approaches were not adopted because of site
access considerations, sample size and labora-
tory requirements, the prohibitive costs of
achieving adequate replication, and the experi-
mental nature of the techniques concerned.
One of the aims of this study was to develop
and test an approach that can be used by man-
agers of conservation reserves worldwide.
Simplicity, reliability, low costs and robustness
are therefore critical.

Many other possible measures of water
quality were rejected because they are either
too coarse to reflect human impact, or too fine
to reflect ecosystem function. Basic physico-
chemical factors, such as temperature and tur-
bidity, are simple to record and replicate, but
the information they provide about ecosystem
functions is very coarse. Population parameters
for individual animal species in aquatic ecosys-
tems should, in theory, provide a much finer
indication of ecosystem function, but are often
subject to considerable natural variation, so
that the time scale required to detect a human

impact reliably may be longer than the time
scale over which the impact occurs. In addi-
tion, quantitative measurements of aquatic
animal populations, as an indicator of recrea-
tional impacts, may well disrupt these popula-
tions more than the recreational activities
themselves. Concentrations of particular chem-
ical species, such as the active constituents
from insect repellents or from detergents, can
distinguish human impacts unambiguously, but
only very specific ones. Identification of DNA
from human viruses may provide a very specific
indication of past human presence in the water
catchment, but little or no information on how
this may have modified the ecosystem con-
cerned.

Methods

We tested for human impacts on water quality
by comparing sites with different levels of visi-
tor use, at two scales. At a broad catchment
scale we compared the heavily visited West
Fork of Canungra Creek, with the rarely visited
East Fork. We sampled both branches immedi-
ately above their junction. At a much finer scale
we sampled at the inflow and outflow of Blue
Pool. To distinguish tourist impacts from natu-
ral streamflow variations we also sampled at
the inflow and outflow of a very similar control
pool immediately upstream, which is much less
accessible and very rarely visited.

All sites are accessible only on foot. The
catchment-scale comparison involves a 9-hour
round-trip hike from the roadhead. We sam-
pled all sites throughout 3 years, 1992–1995
inclusive; 1993 was an atypically dry year, with
peak monthly rainfall (in March) �300mm, as
compared to 470mm in 1992 and 600mm in
1994. At Blue Pool and its control pool we sam-
pled every 1 or 2 months, to establish broad
seasonal patterns, and intensively every day, or
every second day, during the period of highest
visitor use, over Christmas. The precise dates
depend on the onset of the wet-season rains,
which change the recreational character of the
park very rapidly. These sites were sampled on
68 days in all. Sites on East Fork and West Fork
we sampled less frequently, on 15 days in all.
All samples at Blue Pool and control pool were
taken between 12.00 and 14.00 hours, when
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visitors numbers peak at Blue Pool. During
each sampling event, three replicate 250ml
samples were taken at each site sampled, and
three replicate subsamples were taken from
each bottle.

In addition to nutrients and bacteria, we
measured air and water temperatures, stream-
flow, pH, dissolved oxygen and turbidity. For
each 2-hour sampling period at Blue Pool we
counted the total number of visitors, the total
number of swimmers, and the maximum
number of swimmers at any one time. Rainfall
and other weather data were obtained from the
Bureau of Meteorology records for Green
Mountain (the western roadhead), and for the
nearby Springbrook Plateau. We also measured
bacterial concentrations in streambed sedi-
ments and streambank soils.

All water samples were collected and ana-
lysed according to the standard protocols of the
American Public Health Association (APHA,
1992) and US Environment Protection Agency
(USEPA, 1986). Samples for nutrient and tur-
bidity analysis were collected in new acid-
washed high-density polyethylene (HDPE)
bottles manufactured by Nalgene®. Those for
bacterial analysis were collected in sterilized
glass bottles. Sample bottles were immersed
with their apertures open upstream. Sediment
and soil samples were collected by pushing
sterilized 250ml Schott® glass containers into
the top 2cm of sediment or soil until com-
pletely full. New sterile disposable vinyl gloves
were worn while collecting all water, sediment
and soil samples. All sample bottles were
packed in ice, carried to a field vehicle
equipped with a refrigerator, and driven imme-
diately to the laboratory.

Samples for nutrient analysis were frozen
at �80°C and analysed by the Queensland
Government Chemical Laboratories (QGCL),
accredited by the National Association of
Testing Authorities (NATA). Samples for bacte-
rial analysis were treated immediately in our
own laboratories, within 6h of collection. They
were filtered through Millipore® membranes
with pore size 0.45�m and diameter 47mm,
using APHA procedures. Filtered membranes
were transferred on to selective culture media:
the Sartorius® Teepol® medium for total colif-
orms (TCF) and faecal coliforms (FCF), Oxoid®

Membrane Lauryl Sulphate® medium for

Escherichia coli, and Sartorius® Azide® medium
for enterococci. Plates for TCF and FCF were
incubated for 4h at 35°C, followed by 18h at
37°C; those for E. coli for 4h at 35°C and 18h
at 44.5°C; and those for enterococci for 4h at
30°C followed by 48h at 35°C. Confirmation
tests for TCF, FCF and E. coli were carried out
with the Vitek® Microbact 12E® test kit, and
those for enterococci with the Oxoid®

Streptococcal Grouping Kit®. A clinical pathol-
ogy laboratory provided final confirmation on
colony identification.

We tested the sensitivity of results to vari-
ations in: (i) the precise location of sampling
sites; (ii) the use of ice for initial transport of
samples from the sampling sites to the field
vehicle; and (iii) the time delay between sam-
pling and analysis. We also tested the survival
time of individual bacterial species (Tassoula,
1997) in the aquatic environment at the study
site, and the precise ability of culture media to
distinguish between E. coli and other faecal
coliforms.

Small changes in precise sampling loca-
tion had no significant effect on bacterial
counts. Failure to chill samples immediately on
collection increased bacterial counts by
approximately 7.5% (P�0.001). All samples
were therefore carried on ice from the time of
collection until the time of analysis. Storage of
samples at 4°C for 12h (overnight) increased
bacterial counts by 6% on average (P�0.001).
All samples were therefore treated immediately
on returning to the laboratory.

For water samples held at ambient temper-
ature, concentrations of each of the four princi-
pal bacterial indicators increased by 10–30%
during the first 24h after sampling, and then
decayed exponentially, with concentrations
falling below 10% of the maximum within 7
days in each case. The survival time for E. coli
and faecal coliforms was slightly shorter than
for total coliforms.

The Sartorius® Teepol® culture medium
does not distinguish accurately between total
and faecal coliforms. In particular, only about
half (53.6%) of the colonies identified as pre-
sumptive faecal coliforms by the Teepol test
were confirmed as faecal coliforms by bio-
chemical tests. The Sartorius® Azide® agar was
similarly inaccurate, with 52% false positives.
Confirmation tests on the Oxoid® Membrane
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Lauryl Sulphate (MLS) test for E. coli showed
that, on average, this technique was over 80%
accurate. Confirmation tests were carried out
on 70 faecal coliform colonies, 90 total colif-
orm, 60 enterococci and 108 E. coli.

All bacteria concentrations were log-
transformed to normalize distributions for fur-
ther statistical analysis.

Results

Visitor numbers

Large numbers of people visit Lamington
National Park all year round. Not surprisingly,
however, the Blue Pool swimming hole is a
popular walking destination only during the
warmer summer months, and only prior to the
onset of the wet season. During the peak visitor
season, up to 100 people were counted over
the sampling period at Blue Pool. The peak vis-
itation period is from 12.00 to 14.00 hours. Not
all visitors swim: up to 30 swimmers were
recorded each day during this peak visitation
period. Rarely, however, were more than five or
six people in the water at any one time. On
56% of sampling days, there were fewer than
five swimmers.

Physical and chemical parameters

Mean monthly air temperature ranged from 4°C
in June, July and August to 15°C in January and
February. The monthly maximum air tempera-
tures ranged from 15°C to 29°C, respectively.
There are very occasional frosts in winter, and
summer temperatures can exceed 37°C. Water
temperature ranged from approximately 7°C in
mid-winter to 25°C in mid-summer. The mean
water temperature over the summer sampling
period was 18.5°C. Instream pH ranged from
5.5 to 8.0, with a mean value of 7.3, and no
consistent seasonal variations.

Most rain falls in heavy, short bursts:
145mm of rain fell on 11 January 1994, and
86mm on 21 January 1994. Water quality sam-
ples were taken on both these days. Rainfall on
other sampling days was less than 25mm in all
cases. Stream flow velocity ranged from 0.63 to
2.01m/s. Mean stream flow was lower in

summer 1993/94 than 1994/95. Average
stream flow velocity was 1.25m/s, correspond-
ing to approximately 185l/s. Mean nephelo-
metric turbidity over the entire sampling period
was 1.93NTU. The maximum value measured
was 10NTU after 1 day of heavy rainfall.
Compared to other rivers, this is a very low tur-
bidity level (Queensland, Department of the
Environment and Heritage, 1993).

The mean concentration of nitrates and
nitrites in the Canungra Creek system was 0.12
mg/l, as nitrogen (n�336). Except during
floods, the range was 0.1–0.2mg/l with no sig-
nificant differences between years or seasons.
During the flood event of 11 January 1994,
however, nitrate and nitrite concentrations
increased to 0.76mg/l. Ammonium concentra-
tions ranged from 0.002 to 0.014mg/l, with a
mean of 0.005mg/l as N. Concentrations were
significantly higher during the summer months
(P�0.05). Phosphorus concentrations ranged
from 0.002 to 0.048mg/l, with a mean of
0.034mg/l, expressed as P. Concentrations
were higher in summer. A total of 336 nitrate
and nitrite, ammonium and phosphorus deter-
minations were made.

Phosphate and ammonium concentrations
increased significantly with water temperature
and air temperature, whereas nitrate and nitrite
concentrations decreased significantly. There
were no significant patterns in nutrient concen-
trations associated with the number of recrea-
tional swimmers.

Bacterial parameters

A total of 3510 bacterial determinations were
made in all. Results are summarized in Tables
21.1 and 21.2. For the Canungra Creek system,
ranges were 20–2200CFU/100ml (mean 1700)
for total coliforms; 5–1300CFU/100ml (mean
275) for faecal coliforms; 40–4000CFU/100ml
(mean 730) for enterococci; and 1–2000CFU/
100ml (mean 64) for E. coli. Compared with
water-quality guidelines for recreational waters,
these levels are relatively high, albeit safe. Since
they are equally high in the undisturbed East
Fork catchment, however, they do not indicate
a human impact of concern for management.

Concentrations were corrected for false-
positive identifications where appropriate, and
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Table 21.1. Visitor numbers, streamflow and water quality at Blue Pool, 1992–1995.

Mean log10 Mean log10 Mean log10 Mean log10
total coliforms faecal coliforms E. coli enterococci

Stream-
CFU/100 ml CFU/100 ml CFU/100 ml CFU/100 ml

No. of No. of Rainfall flow
(n�9) (n�9) (n�9) (n�9)

NH3 P NOx
Date visitors swimmers (mm/day) (m/s) inflow outflow inflow outflow inflow outflow inflow outflow (mg/l) (mg/l) (mg/l)

2/10/92 0.0 2.46 2.49 2.05 2.24 0.005 0.031 0.130
1/11/92 0.3 2.39 2.38 2.38 2.28 0.004 0.037 0.108
15/11/92 1.8 2.63 2.61 2.50 2.40 0.002 0.036 0.120
29/11/92 42 7 0.1 3.17 3.28 2.16 2.18 0.005 0.042 0.150
13/12/92 33 1 0.0 2.86 2.84 2.68 2.60 0.004 0.041 0.120
28/12/92 31 6 0.0 3.03 3.20 2.62 2.78 0.006 0.041 0.093
30/12/92 29 9 2.7 3.07 3.21 2.69 2.64 0.008 0.043 0.098
1/01/93 73 9 0.0 3.14 3.27 2.51 2.57 0.007 0.044 0.110
4/01/93 63 7 0.0 3.01 3.16 2.36 2.63 0.005 0.041 0.127
14/01/93 56 16 0.0 3.11 3.20 2.29 2.44 0.009 0.036 0.107
26/01/93 15 3 9.0 3.81 3.95 2.84 2.86 0.004 0.036 0.160
31/01/93 22 6 17.4 3.62 3.72 2.85 2.92
13/02/93 20 0 0.0 2.84 2.84 2.66 2.58
21/02/93 17 0 1.9 3.43 3.46 2.96 2.99 0.004 0.027 0.130
8/04/93 10 0 0.0 3.16 3.04 2.69 2.68 0.002 0.025 0.140
12/04/93 80 4 0.3 3.21 3.22 2.87 2.79 0.003 0.026 0.130
18/09/93 35 2 0.0 2.38 2.27 1.71 1.67
24/10/93 48 0 2.4 2.06 2.25 1.88 1.85
7/11/93 40 0 0.0 2.18 2.25 1.70 1.83 0.004 0.031 0.094
14/11/93 20 5 16.3 1.36 1.54 2.50 1.35 1.62 1.20 1.22 0.004 0.029 0.098
21/11/93 18 0 18.8 1.37 2.68 2.63 1.98 1.96 1.71 1.79 0.004 0.030 0.094
28/11/93 43 5 0.0 1.20 2.17 2.36 1.03 1.43 1.03 0.81 0.005 0.027 0.100
5/12/93 18 4 0.0 1.17 2.89 2.88 1.78 1.55 1.19 1.00 0.005 0.030 0.092
7/12/93 10 1 7.8 1.39 2.81 2.83 2.03 2.02 1.13 0.95
12/12/93 36 0 5.0 1.38 2.07 2.17 1.68 1.86 1.54 1.59 2.00 2.00 0.012 0.036 0.110
19/12/93 64 3 0.0 1.39 2.44 2.45 1.64 1.68 1.17 1.22 1.77 1.81 0.012 0.023 0.100
21/12/93 25 5 0.0 1.28 2.48 2.55 1.52 1.58 1.37 1.27 2.27 2.49 0.005 0.024 0.090
23/12/93 0 0 0.0 1.21 1.42 1.35 2.19 1.66 0.006 0.025 0.085
26/12/93 84 12 0.0 1.18 2.50 2.78 1.72 1.97 1.26 1.63 2.13 2.50 0.007 0.027 0.100
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28/12/93 94 29 0.0 1.20 1.10 1.71 2.15 2.09 0.008 0.033 0.097
30/12/93 55 14 0.0 1.19 0.54 1.40 2.19 2.23 0.008 0.028 0.110
1/01/94 49 26 0.0 1.09 2.61 3.15 2.09 2.43 1.04 1.45 2.24 2.56 0.007 0.028 0.110
4/01/94 52 16 0.0 1.12 3.13 3.23 0.012 0.030 0.116
6/01/94 47 18 0.0 1.09 0.84 1.18 2.79 2.89 0.008 0.033 0.110
9/01/94 63 22 0.0 1.08 2.87 3.23 2.14 2.46 1.40 1.69 2.80 2.91 0.008 0.035 0.039
11/01/94 3 0 145.4 1.51 3.24 3.30 3.60 3.48 0.005 0.037 0.756
13/01/94 19 4 0.2 1.33 1.91 2.04 3.40 3.34 0.014 0.021 0.156
16/01/94 29 5 9.2 1.31 1.76 1.82 3.34 3.21 0.006 0.031 0.083
18/01/94 21 9 1.2 1.31 1.37 1.33 2.97 2.98 0.002 0.029 0.077
20/01/94 0 0 85.8 1.33 2.18 2.24 2.02 2.16 0.003 0.044 0.170
26/01/94 21 1 16.5 1.57 1.75 1.83 3.17 3.12 0.003 0.029 0.100
2/02/94 0 0 3.0 1.83 1.70 1.59 0.004 0.028 0.120
9/02/94 2 0 0.3 1.65 1.45 1.40 0.004 0.023 0.116
6/03/94 3 0 22.8 1.99 1.76 1.67 0.011 0.018 0.180
31/03/94 0 0 9.8 1.89 1.11 1.22 0.004 0.016 0.160
2/04/94 30 2 0.3 2.01 1.34 1.10 0.004 0.015 0.173
3/06/94 3 0 1.7 2.00 0.60 0.66 0.003 0.023 0.180
16/07/94 20 0 0.0 1.12 0.65 0.68 0.003 0.025 0.183
28/07/94 4 0 0.0 0.94 0.20 0.15 0.004 0.024 0.170
24/08/94 0 0 0.0 0.79 0.10 0.03 0.007 0.027 0.160
28/10/94 9 0 0.2 0.63 1.17 1.01 1.69 0.004 0.030 0.057
17/11/94 0 0 1.04 1.60 1.61 2.53 2.55 0.004 0.040 0.170
11/12/94 0 0 20.0 1.21 3.03 3.15 1.81 1.89 1.47 1.53 0.002 0.030 0.090
21/12/94 0 0 0.0 1.05 1.18 1.11 2.05 2.14 0.004 0.030 0.071
24/12/94 20 20 0.0 0.98 2.95 3.12 2.46 2.71 0.65 1.29 0.006 0.032 0.100
25/12/94 2 1 19.0 1.08 3.55 3.61 2.51 2.28 1.60 1.74 0.005 0.035 0.130
26/12/94 19 3 0.0 0.93 3.38 3.30 2.53 2.38 1.66 1.51 2.83 2.72 0.003 0.037 0.150
27/12/94 28 8 0.0 1.03 3.22 3.40 2.31 2.69 1.03 1.50 0.007 0.035 0.120
28/12/94 34 12 0.0 1.02 3.33 3.24 2.51 2.39 1.15 1.68 2.66 2.79 0.003 0.033 0.120
29/12/94 34 29 0.0 0.88 3.07 3.46 2.58 2.70 0.87 1.48 0.008 0.037 0.133
30/12/94 30 11 0.0 0.92 3.85 3.72 2.48 2.53 1.06 1.59 2.87 2.94 0.008 0.038 0.140
31/01/94 16 13 15.8 1.13 3.41 3.59 2.82 2.86 1.29 1.60 0.005 0.036 0.130
1/01/95 25 8 0.4 0.81 2.99 3.27 2.53 2.73 0.81 1.38 2.74 2.75 0.005 0.033 0.120
7/01/95 27 5 16.7 1.20 3.95 4.34 2.65 3.12 2.08 2.13 3.41 3.40 0.003 0.043 0.147
16/01/95 7 4 0.0 1.20 0.79 1.03 0.005 0.035 0.140
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Table 21.2. Visitor numbers, streamflow and water quality at control pool, 1992–1995.

Mean log10 Mean log10 Mean log10 Mean log10
total coliforms faecal coliforms E. coli enterococci

Stream-
CFU/100 ml CFU/100 ml CFU/100 ml CFU/100 ml

No. of No. of Rainfall flow
(n�9) (n�9) (n�9) (n�9)

NH3 P NOx
Date visitors swimmers (mm/day) (m/s) inflow outflow inflow outflow inflow outflow inflow outflow (mg/l) (mg/l) (mg/l)

14/11/93 20 5 16.3 1.36 1.30 1.60 1.13 1.28 1.05 1.04 0.004 0.029 0.098
21/11/93 18 0 18.8 1.37 2.86 2.61 1.87 1.90 1.68 1.68 0.004 0.030 0.094
28/11/93 43 5 0.0 1.20 2.29 2.25 1.14 1.28 0.95 0.79 0.005 0.027 0.100
5/12/93 18 4 0.0 1.17 2.94 2.90 1.69 1.59 0.95 0.95 0.005 0.030 0.092
7/12/93 10 1 7.8 1.39 2.93 2.84 1.99 2.10 0.95 0.95
12/12/93 36 0 5.0 1.38 1.88 1.74 0.73 1.36 1.72 1.61 1.74 1.68 0.012 0.036 0.110
19/12/93 64 3 0.0 1.39 2.31 2.49 1.72 1.75 1.20 0.95 1.93 1.65 0.012 0.023 0.100
21/12/93 25 5 0.0 1.28 2.55 2.49 1.48 1.54 1.04 1.30 2.30 2.01 0.005 0.024 0.090
23/12/93 0 0 0.0 1.21 1.22 1.34 2.15 1.65 0.006 0.025 0.085
26/12/93 84 12 0.0 1.18 2.71 2.46 1.75 1.71 1.28 1.46 2.45 1.93 0.007 0.027 0.100
28/12/93 94 29 0.0 1.2 1.15 1.28 2.28 2.41 0.008 0.033 0.097
30/12/93 55 14 0.0 1.19 1.10 1.10 2.26 2.31 0.008 0.028 0.110
1/01/94 49 26 0.0 1.09 2.59 2.57 2.01 1.96 1.26 1.04 2.43 2.43 0.007 0.028 0.110
4/01/94 52 16 0.0 1.12 3.24 3.21 0.012 0.030 0.116
6/01/94 47 18 0.0 1.09 1.03 0.90 2.96 2.79 0.008 0.033 0.110
9/01/94 63 22 0.0 1.08 2.77 2.84 2.15 2.19 1.18 1.26 2.83 2.80 0.008 0.035 0.039
11/01/94 3 0 145.4 1.51 3.28 3.14 3.49 3.57 0.005 0.037 0.756
13/01/94 19 4 0.2 1.33 1.92 1.96 3.15 3.22 0.014 0.021 0.156
16/01/94 29 5 9.2 1.31 1.89 1.86 3.18 3.26 0.006 0.031 0.083
18/01/94 21 9 1.2 1.31 1.32 1.40 2.89 2.93 0.002 0.029 0.077
20/01/94 0 0 85.8 1.33 2.24 2.20 2.14 2.02 0.003 0.044 0.170
26/01/94 21 1 16.5 1.57 1.99 1.86 3.31 3.26 0.003 0.029 0.100
2/02/94 0 0 3.0 1.83 1.48 1.45 0.004 0.028 0.120
9/02/94 2 0 0.3 1.65 1.42 1.48 0.004 0.023 0.116
6/03/94 3 0 22.8 1.99 1.78 1.75 0.011 0.018 0.180
31/03/94 0 0 9.8 1.89 1.29 1.24 0.004 0.016 0.160
2/04/94 30 2 0.3 2.01 1.43 1.40 0.004 0.015 0.173
3/06/94 3 0 1.7 2.00 0.65 0.75 0.003 0.023 0.180
16/07/94 20 0 0.0 1.12 0.51 0.57 0.003 0.025 0.183
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28/07/94 4 0 0.0 0.94 0.00 0.10 0.004 0.024 0.170
24/08/94 0 0 0.0 0.79 0.26 0.15 0.007 0.027 0.160
28/10/94 9 0 0.2 0.63 1.36 1.23 1.79 1.78 0.004 0.030 0.057
17/11/94 0 0 1.04 1.69 1.64 2.48 2.51 0.004 0.040 0.170
11/12/94 0 0 20.0 1.21 3.05 3.09 1.97 1.88 1.58 1.54 0.002 0.030 0.090
21/12/94 0 0 0.0 1.05 1.12 1.07 2.29 2.30 0.004 0.030 0.071
24/12/94 20 20 0.0 0.98 3.28 3.42 2.77 2.69 0.65 0.55 0.006 0.032 0.100
25/12/94 2 1 19.0 1.08 3.57 3.59 2.51 2.30 1.65 1.69 0.005 0.035 0.130
26/12/94 19 3 0.0 0.93 3.64 3.50 2.56 2.51 1.64 1.67 2.61 2.66 0.003 0.037 0.150
27/12/94 28 8 0.0 1.03 3.23 3.18 2.41 2.31 1.25 1.14 0.007 0.035 0.120
28/12/94 34 12 0.0 1.02 3.22 3.65 2.44 2.72 1.16 1.12 2.51 2.55 0.003 0.033 0.120
29/12/94 34 29 0.0 0.88 3.22 3.21 2.55 2.61 0.94 0.83 0.008 0.037 0.133
30/12/94 30 11 0.0 0.92 3.30 3.63 2.58 2.75 1.04 0.89 3.15 3.02 0.008 0.038 0.140
31/01/94 16 13 15.8 1.13 3.59 3.50 2.94 2.98 1.38 1.42 0.005 0.036 0.130
1/01/95 25 8 0.4 0.81 3.05 3.03 2.50 2.53 0.87 0.81 2.73 2.78 0.005 0.033 0.120
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log-transformed to normalize distributions.
Concentrations of all bacterial indicators were
weakly correlated with water temperature,
streamflow and nitrates. Large-scale analysis of
variance for aggregated data did not reveal any
statistically significant differences in total colif-
orm concentrations between sampling sites.

For individual days, however, comparisons
using the nine replicate determinations from
each sampling site and occasion show a statis-
tically significant increase in total coliform
concentrations from pool inflow to pool out-
flow on 19 of 41 sampling days at Blue Pool,
but 0 of 41 for the control pool. At a catchment
scale, total coliform concentrations were signif-
icantly higher in the heavily frequented West
Fork of Canungra Creek on 50% of days sam-
pled. Similarly, concentrations of faecal colif-
orms were significantly higher at the outflow
than the inflow of Blue Pool on 12 out of 41
sampling days, with no significant differences
at the control pool. Corresponding patterns
occurred for enterococci on 6 of 25 sampling
days.

For E. coli, concentrations at the outflow of
Blue Pool were significantly higher (P�0.001)
than those at the inflow on 21 of 45 sampling
days, and significantly lower on 3 sampling
days. Again, there were no significant differ-
ences at the control pool. On these 21 days, E.
coli concentrations increased by approxi-
mately a factor of three between inflow and
outflow, or between 5 and 25CFU/100ml. This
represents only 1% of natural seasonal varia-
tion.

The top 1cm of streambed sediment at the
experimental sites contained from 100 to 1000
E. coli per gram of sediment (dry weight). This
sediment is easily resuspended in the water
column by physical disturbance of the
streambed, temporarily increasing bacterial
concentrations in the overlying water column.
Experimental disturbance of this sediment
increased concentrations of E. coli from a base-
line of approximately 50CFU/100ml, to a max-
imum of approximately 150CFU/100ml; but
when the disturbance ceased, E. coli concen-
trations fell to 75CFU/100ml within 1 or 2min,
and back to baseline within an hour. Surface
soils near the margin of Canungra Creek con-
tain from 7�103 to 10�103 E. coli per gram.
Total coliforms in the streambed sediments

ranged from 0.075�106 to 2.0�106CFU/100
ml (n�20), approximately 1000� the concen-
tration in the water column.

Storm events, seasonal cycles and
swimmer impacts

The largest changes in water quality are those
associated with storm flood events. During the
storm of 11 January 1994, turbidity was five
times higher than at any time during non-flood
flow; nitrate and nitrite, four times higher; and
total coliforms and E. coli concentrations, 20
times higher. Storm events overwhelm seasonal
cycles and swimmer impacts. They are short-
lived, and occur principally at the onset of the
wet season.

There are also large seasonal cycles in
microbiological water quality. Total coliform
concentrations change by up to 1000�
between dry and wet seasons, and E. coli and
enteroccocci by up to 100�. Impacts of swim-
mers must be considered against this natural
stream flow variation.

Independent of human activity in their
respective catchments, both the heavily visited
West Fork and the undisturbed East Fork of
Canungra Creek contain significant numbers of
coliform bacteria, including faecal coliforms
and E. coli. If there are any catchment-scale dif-
ferences in water quality associated with the
different intensity of recreational use in the
catchments of West Fork and East Fork of
Canungra Creek, they are not reliably detect-
able against natural background variation.

At the scale of individual pools, in con-
trast, recreational swimmers have a definite and
unequivocal effect on the concentrations of
enteric bacteria in the water column. On 21
separate and independent occasions, there was
a significant increase in E. coli concentrations
from inflow to outflow of the experimental
pool, but not the control pool. The days on
which such significant differences occurred
were all in summer before the onset of the wet
season. Once the rains begin, any human
effects were masked by flood runoff.

Differences between days on which there
was a significant increase in E. coli concentra-
tions in the experimental pool, but not the con-
trol pool, and days on which there was no
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significant difference between inflow and out-
flow of the experimental pool, were not asso-
ciated with any consistent differences in
physicochemical parameters, except for a weak
positive correlation with air temperature and
ammonia concentrations, and a weak negative
correlation with rainfall. Such correlations are
expected because ammonia concentrations
increase with water temperature, and swimmer
numbers increase with temperature and
decrease with rainfall. Hence it is clear that
these increases in bacterial concentrations are
due solely or principally to the effect of swim-
mers. This was confirmed by multiple regres-
sion of log-transformed E. coli concentrations
on the days concerned against swimmer num-
bers and streamflow.

For days with fewer than five swimmers,
there were either: no significant differences in
bacterial concentrations between inflow and
outflow; a significant but small decrease; or a
significant but small increase. For days with
more than five swimmers, there was a consis-
tently significant and larger increase (Fig. 21.1).

For this particular ecosystem and test site,
there is a clear threshold effect at approxi-
mately five swimmers. Similar, though less
well-defined threshold effects are apparent for
total and faecal coliforms. For enterococci,
there is a weaker threshold at approximately 15
swimmers per day. All these thresholds are sta-
tistically significant at P�0.001 for coliforms
and P�0.005 for enterococci (Fisher’s Exact
Test).

For E. coli, above this threshold, increasing
the numbers of swimmers does not increase the
ratio between E. coli concentrations at the out-
flow and those at the inflow of the experimen-
tal pool, though it does increase the absolute
difference. This may be because, even on days
with 30 swimmers per day, there were rarely
more than five or six swimmers in the water at
once. In any event, the precise threshold is pre-
sumably associated with specific characteris-
tics of the site and activity, and has little general
significance.

The issue of general significance is that
recreational swimmers do produce a detect-
able impact on microbiological indicators of
water quality, at a relatively low threshold of
use. In addition, since the size of the impact is
small relative to natural seasonal variations, this

approach provides an indicator of human
impact at a level below that where manage-
ment action is required.

Discussion

This study, carried out from 1991 to 1994, was
apparently the first time that human recrea-
tional impacts on water quality have been
detected in a flowing stream, with no infra-
structure and individual day-use only, against
much larger background variations, and at such
a low threshold of use, providing an indicator
of impact well below the threshold where man-
agement action is required. Similar results were
reported in 1996 for streams in Tropical
Queensland, Australia (Butler et al., 1996).

The actual increases in E.coli concentra-
tions at the Blue Pool swimming hole ranged
from 10 to 30 CFU/100ml. The precise mecha-
nism causing this effect was beyond the scope
of this investigation. The concentration of coli-
form bacteria in the streambed sediment is
approximately 1000� greater than that in the
overlying water column, and swimmers stir up
sediment. Even at high swimmer numbers,
however, turbidity in the experimental pool is
low, and below the threshold of detection by
filtration and weighing. On the basis of nephel-
ometric turbidity measurements and the gravi-
metric detection threshold, the resuspension of
streambed sediment by swimmers could in-
crease E. coli concentrations in the water
column by up to 100 CFU/100ml.

Hence it is impossible to determine at pre-
sent whether the increases were due to a direct
physical input of bacteria from swimmers’
bodies, or solely to resuspension of bacteria in
streambed sediments. The precise mechanism,
however, is of secondary significance.

Although the precise threshold, and,
indeed, the most sensitive indicator parameter,
are likely to be specific to the ecosystem
and tourist activity concerned, the approach
adopted is applicable to the management of
ecotourism and outdoor recreation in conser-
vation reserves and wilderness areas world-
wide.

This is of considerable significance for the
conservation of biodiversity and water quality
worldwide. Tourism and travel is the world’s
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largest industry sector; nature-based tourism is
its fastest-growing subsector, and nature-based
tourism is concentrated in areas of high conser-
vation value, principally conservation reserves
and other relatively pristine natural environ-
ments. Recreational use of such areas has
increased greatly, and in many cases exponen-
tially, in recent years. This growth has increased
tourism infrastructure, such as roads and
accommodation; commercial tours and eco-
tours, both mechanized and non-mechanized;
and individual recreational use of national
parks and similar areas.

The impacts of localized high-intensity
tourism developments such as hotels and
resorts are relatively well known (Warnken and
Buckley, 1998); the impacts of dispersed non-
mechanized activities much less so. In addi-
tion, most research to date on broad-scale
effects has focused on impacts and parameters
which are highly visible and easy to quantify,
such as trampling of tracks, rather than those
with the greatest potential significance for eco-
system function, such as the introduction of
non-native species, effects on the population
dynamics of rare plants and animals, or con-
tamination of water bodies. Many impacts of
this type are undetectable to the untrained
observer, but have potentially far-reaching and

irreversible consequences (Papadakis et al.,
1997).

Land-management agencies have a suite of
tools to control the impacts of tourism and rec-
reation in conservation reserves and other frag-
ile environments. The principal tools are:
restrictions on numbers, equipment or activ-
ities, either in time or space; minimal-impact
education programmes; and hardening of the
environment in high-use areas. For efficient use,
all of these require accurate information on the
quantitative impacts of different types and levels
of use in different ecosystems. In addition, for
effective planning, land managers must either
be able to predict impacts accurately for a very
wide range of specific circumstances; or be able
to detect impacts at subcritical levels, before
they reach a threshold where they are either
irreversible or self-perpetuating.

There are many different potential indica-
tors for these purposes, and different parame-
ters will be more effective in different
ecosystems and for different types of tourist
activity. Most research to date has been in open
environments with low vegetation, especially
northern-hemisphere arctic-alpine and estuary
shoreline areas; whereas the research
described here was in sub-tropical rainforest, a
much less-studied ecosystem. The most salient
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feature, however, is that we searched specifi-
cally for an indicator parameter that could
detect tourist effects at the lowest threshold. It
is this general approach, rather than the specific
ecosystem, tourist activity, indicator parameter
or impact threshold, which is likely to hold par-
ticular promise for the application of ecological
data in the management of tourism.
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Introduction

Four-wheel drive (4WD) vehicles provide the
main means of access to the dry and sparsely
settled sandy coastlines of Western Australia for
ecotourists and other visitors alike. This has cre-
ated an extensive network of tracks through
dune and foreshore vegetation. Most previous
studies of 4WD vehicle impacts have focused
on local-scale impacts (Anders and Leather-
man, 1987; Lonsdale and Lane, 1994; Kutiel et
al., 2000). In areas such as these dry sandy
coastlines, however, the local impacts are
straightforward: destruction of vegetation cover
and destabilization of the sand surface. The crit-
ical issue is the aggregate impact at a regional
scale, the proportion of the landscape where
vegetation has been removed. For the narrow
band of foreshore vegetation immediately
above the high-tide mark, the best indicator of
impact is the density of access points: the
number of tracks that cut through foreshore veg-
etation, per kilometre of beach. For the broader
band of dune vegetation behind the beach, the
simplest indicator is the total length of track per
kilometre of coastline, since all the tracks are of
similar width. And the most effective way to
quantify both beach access points and length of
track is from aerial photographs. This paper,
therefore, compares access-point and track-
length statistics derived from airphoto coverage
in 1965 and 1999, a period of 33 years.

The area studied is known as the Central
Coast Region, which extends approximately
300km north of Perth, the State capital of
Western Australia (Fig. 22.1). The Central Coast
includes extensive protected areas and other
open space and crosses the jurisdictions of five
local government authorities (LGAs). Its land-
ward margin is delimited informally by a major
highway, the Brand Highway. The area is
accessed by 4WD vehicles for private recrea-
tion, off-road clubs, commercial ecotours, and
local farmers and fishers (Priskin, 2003a,b).

Sandy dune soils and their vegetation are
generally susceptible to recreational distur-
bances (Liddle and Moore, 1974; Liddle and
Greig-Smith, 1975; Hosier and Eaton, 1980;
Hylgaard and Liddle, 1981). Impacts differ in
detail across the dune profile between the
shoreline and landward dunes (Hylgaard,
1980; Bowels and Maun, 1982; Gallet and
Roze, 2001). Areas closest to the shore are
more vulnerable to damage but regenerate
more quickly. Many of the plant species in
these areas are herbaceous succulents, and tol-
erate salt spray, sand blast, sand burial, and
high wind speeds (Anders and Leatherman,
1987; Rickard et al., 1994; Andersen, 1995).
Further landward, there is more woody vegeta-
tion, which takes longer to recover from
damage by 4WD vehicles.

Destruction of plant cover leaves a bare
sand surface which is susceptible to wind
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Fig. 22.1. The Central Coast Region.
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erosion and dune destabilization (Godfrey and
Godfrey, 1980; Hosier and Eaton, 1980;
Carlson and Godfrey, 1989; Chapman et al.,
1989; Kutiel et al., 1999). Where this leads to a
steeper foreshore profile it may also be exacer-
bated by wave erosion (Anders and Leather-
man, 1987). These impacts are prevalent
throughout much of the Central Coast Region
(Priskin, 2001), although in some areas they
have been addressed by costly coastal manage-
ment measures. The degradation of Western
Australia’s sandy coastlines by recreational
4WD use has been reported repeatedly (House
of Representatives Standing Committee on
Environment and Conservation, 1977; Majer,
1980; Clarke, 1983; O’Brien and MacRae,
1992), especially in the Central Coast Region
(Eliot, 1999; Landvision et al., 1999).

The Central Coast Region

The Central Coast Region of Western Australia
has a Mediterranean climate (Gentilli, 1971),
which encourages coastal recreation through-
out the year. The region extends over a broad
coastal plain, which consists of Holocene
shoreline deposits backed by hills of Late
Pleistocene dune limestone (Searle and
Semeniuk, 1985). Limestone landforms include
cliffs, headlands and offshore reefs. The latter
run parallel to the entire Central Coast shore-
line and exert a strong influence on nearshore
morphodynamics (Sanderson and Eliot, 1996).
Dune landforms include foredune plains,
shore-parallel ridges, parabolic dunes, defla-
tion plains, beach-ridge plains, and extensive
mobile sand sheets that migrate up to 10m a
year (Department of Planning and Urban
Development, 1994).

Between Lancelin and Flat Rock (Fig.
22.1) the coast is exposed and the beaches are
high-energy, wave-dominated with an annual
modal wave height greater than 1m. During
the summer these beaches are over 50m wide
and are suitable for beach driving for both
commercial tour operators and private recrea-
tionists. In winter, these beaches erode and
become impassable. The dune field at Lancelin
(Fig. 22.1) is one of the few official public areas
allocated to off-road driving activities in
Western Australia (Clarke, 1983). Elsewhere,

the coast is sheltered and annual modal wave
height is less than 0.5m (Hegge et al., 1996).
These low-energy beaches are generally less
than 25m wide and have a steep profile. The
coast between Flat Rock and Grey and north of
Green Head (Fig. 22.1) is rocky, albeit intermit-
tently, with limestone cliffs, bluffs and head-
lands that separate pockets of sandy beaches.
The beaches offer secluded swimming and
snorkelling areas as well as camping sites. The
elevated bluffs and headlands are less than
10m high and offer scenic vistas to offshore
waters, reefs and islands. This area represents a
part of the coast that has been traditionally
popular for establishing squatter shacks (Fig.
22.1).

The vegetation of the region consists of
low, dense scrub and heaths (Hopkins et al.,
1983). Foredune areas support grasses and her-
baceous vegetation �1m high, whereas swale
areas between older dunes support dense
shrubs up to 5m tall. Annual rainfall decreases
from 749mm/year in the south to 460mm/year
in the north (Fig. 22.1), with a corresponding
gradient in floristic composition. Both marine
and terrestrial ecosystems of the Central Coast
Region form part of one of the 25 global biodi-
versity hotspots (Myers et al., 2000; Roberts et
al., 2002).

European settlement of the area occurred
approximately 150 years ago, but it was not
until the 1950s that the first townships were
declared (Department of Planning and Urban
Development, 1994). The towns serviced a
growing fishing industry and broad-acre farm-
ing in the hinterland. Population density of the
region has always been low, distributed in ten
coastal settlements and hinterland locations
along the Brand Highway (Fig. 22.1). In 1981,
the regional population was 5100, rising to
7700 by 1991 and around 10,000 by 2000
(Western Australian Planning Commission,
2000).

Until the late 1990s there were no trans-
port routes connecting the settlements directly
along the coast (Department of Planning and
Urban Development, 1994). Instead, each
town was linked only to the Brand Highway,
located 30–40km to the east. However, by
1998 a sealed coastal highway had been par-
tially constructed between Dongara and Jurien
Bay (Fig. 22.1). Significant portions lie within

Four-wheel Drive Vehicle Impacts 341

BUCKLEY MAKE-UP  23/6/04  10:33 AM  Page 341



conservation reserves (Western Australian
Planning Commission, 1996). The main eco-
nomic activity is fishing. Tourism is still a small
industry in the region, although it is growing
steadily, and currently contributes approxi-
mately 5% to the local economy of the area
(Pracsys Management Consultants, 2002).
Visitor numbers to the region are estimated at
250,000 per annum, including commercial
nature-based and ecotour companies as well as
private recreationists. Approximately 50% of
all visitors to the region arrive in a 4WD vehi-
cle (Priskin, 2003b).

The region also has a long history of 4WD
use by individuals who occupy illegal squatter
shacks (Fig. 22.1). Squatter shacks were con-
structed primarily of corrugated iron sheeting
on a concrete pad. Originally established in the
1960s, shacks served farmers from the hinter-
land during their holidays (Department of
Planning and Urban Development, 1994).
Many of the current townships, including
Guilderton, Seabird, Ledge Point, Lancelin,
Cervantes and Green Head (Fig. 22.1) were
originally squatter shack settlements. In 1984
there were an estimated 676 squatter shacks
occupying prime coastal sites along the Central

Coast (Department of Planning and Urban
Development, 1994), increasing to over 1000
by the late 1980s and approximately 1200 by
1990. The increased density of squatter shacks
led to widespread destruction of dunes, ero-
sion, the spread of weeds and the dumping of
waste. In 1988 the State Government of
Western Australia endorsed a Squatter Policy
(Government of Western Australia, 1989),
which required the removal of squatter shacks
by 2001, as well as rehabilitation of damaged
coastal areas. To date, all holiday squatters have
been removed except at the largest settlements
at Grey and Wedge (Fig. 22.1), where 130 and
370 shacks, respectively, have been allowed to
remain until the completion of the new coastal
highway, the Indian Ocean Drive, by 2005
(Department of Conservation and Land
Management, 2000).

Methods

The spatial extent of 4WD tracks was obtained
from analysis of aerial photographs for 1965
and 1998 (Priskin, 2003a), covering a 1km
band inland from the shoreline. 4WD tracks
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Table 22.1. Length of four-wheel drive (4WD) track.

Coast as % Change Change
Length of Central Total track Total track in track in track
of coast Coast length length length length

(km) Region 1965 (km) 1998 (km) (km) (%)

Coastal setting
Straight coast 57 21 88 140 52 60
Sandy bays between small 73 27 156 250 94 60

salients
Sandy bays between forelands 40 15 70 84 14 20
Cuspate forelands 32 12 41 111 70 171
Rocky promontories and small 25 9 74 70 �4 �5

bays
Alternating rocky coast and 44 16 88 146 58 66

sandy bays
Beach type

High-energy, exposed 94 35 145 307 162 112
Low-energy, sheltered 177 65 372 494 122 33

Dune type
Foredune plain 59 22 168 190 23 13
Low-moderate foredune ridge 110 41 217 312 95 44
High foredune ridge 50 18 59 129 70 118
Deflation plain or mobile sand 53 20 72 168 96 134
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and coastal access points were mapped along
a 271km stretch of the coast, excluding the
townships of Guilderton to the south and
Dongara and Port Denison to the north (Fig.
22.1). The photographs were analysed digitally
using ARC/INFO and Arc/View Geographic
Information Systems (Priskin, 2003a). The
Central Coast Region was divided into 25 spa-
tial units and each unit was categorized for the
type of coastal setting, beach and dune type
(Tables 22.1 and 22.2). Results were expressed
as densities per kilometre of coastline (Fig.
22.2).

Results

The total length of 4WD tracks in 1998 was 813
km, as compared to 517km in 1965 (Priskin,
2003a). This corresponds to an average of
3.0km of 4WD vehicle tracks per km of coast
in 1998, over 50% increase from the 1.9km/km
in 1965. The number of coastal access points
also increased, from 421 in 1965 to 908 in
1998 (Priskin, 2003a). The majority of these
impacts may be attributed to tourism and recre-
ation, particularly for the 1998 data.

The pattern of tracks also changed
between 1965 and 1998. Single tracks in 1965
had expanded to dense fan-shaped networks in
1998, especially at squatter shack communities
(Fig. 22.3). Track densities in these areas are
highest at the seaward side of the dunes. Many
tracks are also braided, as new tracks are cre-
ated alongside older ones. This occurs because
strong winds erode old tracks, so drivers drive
on vegetation to avoid bogging. Both aerial
photography and field inspections showed that
there are also many blind tracks, which
become established by even a small number of
vehicle passes. There are no maps or signs to
help drivers distinguish blind tracks, so the
tracks are constantly re-used and do not have
the opportunity to regenerate.

The densities of tracks and access points
differ between different landscape types in the
region. There are six main landscape classes
(Priskin, 2003a) (Tables 22.1 and 22.2).
Stretches of coast characterized by sandy bays
between small salients had the highest den-
sities of 4WD tracks and access points in both
1965 and 1998 (Tables 22.1 and 22.2, Fig.
22.2). The greatest proportional increase over
this period was 171%, for coastal sections

Four-wheel Drive Vehicle Impacts 343

Table 22.2. Number of four-wheel drive (4WD) access points.

Coast as % Change Change
Length of Central Total track Total track in track in track
of coast Coast length length length length

(km) Region 1965 (km) 1998 (km) (km) (%)

Coastal setting
Straight coast 57 21 55 103 48 87
Sandy bays between small 73 27 110 296 186 169

salients
Sandy bays between forelands 40 15 67 94 27 40
Cuspate forelands 32 12 34 91 57 168
Rocky promontories and small 25 9 94 105 11 12

bays
Alternating rocky coast and 44 16 61 218 157 257

sandy bays
Beach type

High-energy, exposed 94 35 105 260 155 148
Low-energy, sheltered 177 65 316 647 331 105

Dune type
Foredune plain 59 22 145 266 121 83
Low-moderate foredune ridge 110 41 160 368 208 130
High foredune ridge 50 18 65 134 69 106
Deflation plain or mobile sand 53 19 51 139 88 173
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Fig. 22.2. Densities of tracks and access points.
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characterized by cuspate forelands, used prefe-
rentially for squatter settlements.

The greatest increase in the number of
access points was 257%, for coastlines charac-
terized as rocky coast and sandy bays. Low-
energy coastlines had greater densities of tracks
and access points than high-energy coastlines,
but the latter experienced greater increases
over the period studied. Sheltered sections of
coast are less susceptible to wind erosion.
Comparing the various dune types, greatest
increases occurred in mobile sands, reflecting
the increase in drivers seeking challenges to
their vehicles and driving skills.

The Central Coast Region includes five
local government areas, known as Shires, and
the densities of 4WD tracks and access points
differ between Shires (Priskin, 2003a). In 1965
the Shire of Coorow had the highest densities of
tracks (2.74km/km) and access points (2.61 per
km). In 1998 the highest densities were in the

Shire of Carnamah (3.92km/km and 5.06 per
km). The latter is the only one of the five shires
without an established settlement (Fig. 22.1), so
it has proved popular for bush camping and
squatter shacks. Over the Central Coast Region
as a whole, track densities are generally higher
in more remote areas than close to settlements
(Priskin, 2003a).

Management of 4WD Impacts

Most of the impacts from 4WD vehicles on
beach and dune vegetation occur with only a
few passes (Liddle, 1997; Buckley, Chapter 6
this volume), though successive passes do
increase the time required for regeneration
(Godfrey and Godfrey, 1980). The best manage-
ment strategy to minimize impacts is hence to
concentrate use on a small number of estab-
lished routes and minimize the total length of
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track, the number of beach access points, and
the extent of off-track use.

Rehabilitation of Western Australian coast-
line areas damaged by 4WD vehicles is expen-
sive, labour intensive and time consuming (Kay
and Alder, 1999). If degradation extends on
either side of the track itself (Hosier and Eaton,
1980; Cole, 1993) then the total land area
degraded by 4WD tracks in the Central Coast
Region was 1550km2 in 1965 and 2500km2 in
1998. This is a conservative estimate, since
impacts may often extend several metres from
the track (Kutiel et al., 1999).

Nominally, off-road driving in Western
Australia is restricted by the Control of Vehicles
(Off-Road Areas) Act 1978 (WA), but in practice
there are no patrols in areas such as the Central
Coast. Land managers may designate sacrificial
areas for intensive use by off-road vehicles in
order to protect the remainder, but many recre-
ational drivers disregard such restrictions. Since
much of the 4WD activity is associated with
camping, provision of clearly marked camp-
sites might reduce exploratory off-road vehicle
use, and fences or barriers alongside tracks
could reduce braiding.

Both restrictions on 4WD access, and
rehabilitation of damaged areas, require man-
agement resources which need funding. One
option to raise such funds would be to impose
a tax or levy on registered 4WD vehicles. This
would be unpopular both with owners of 4WD
vehicles who do not use them off-road, and
with farmers and fishermen who use theirs for
commercial activity. Such a levy might, how-
ever, raise awareness of impacts amongst 4WD
owners. Awareness can also be raised through
voluntary codes of ethics, such as those prom-
ulgated by the Australian National Four-Wheel
Drive Council, Tread Lightly Australia and
others (Buckley, 2001). Off-road clubs have
provided volunteer assistance with coastal
clean-up campaigns. However, programmes
that target existing clubs, associations and
commercial tour operators may not reach indi-
vidual drivers who cause the highest impacts.

Hardening of tracks across soft sandy areas,
e.g. with rubber mats or chained planks, helps
to keep vehicles on the tracks. However, these
ground-cover techniques are expensive and vis-
ually intrusive, and may sometimes increase
erosion. Perhaps the simplest approach would

be to erect signs advising drivers to reduce tyre
pressures, and to install compressed air stations
at exit points so that drivers could easily re-
inflate their tyres. This, however, would only be
feasible at a limited number of sites, e.g. by
ranger stations in national parks.

Conclusions

Use of 4WD vehicles for recreation and com-
mercial ecotourism in the Central Coast Region
of Western Australia is causing extensive and
significant impacts on soils and vegetation, par-
ticularly of dunes and foreshores. The total
length of 4WD track in a 271km stretch of
coastline has increased by 57% over the 33-
year period, 1965–1998, from 517 to 813km.
The number of beach access points has
increased by 116% during the same period,
from 421 to 908. Tracks and access points are
differentially abundant in particular landforms
and local government areas, and those patterns
have also changed. A range of management
tools will be needed to address these impacts
effectively.
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Introduction

The coastal environment is the relatively narrow
interface between land and sea. Functionally
the coast can be defined as any area in which
processes depending on the interaction
between land and sea are most intense
(Sorenson and McCreary, 1990). Coasts are
robust and capable of absorbing natural and
human disturbance, yet paradoxically are also
fragile and susceptible to such disturbances.
This is especially true along northern coastlines,
which are allowed only a narrow window where
biophysical variables are conducive to recovery
after disturbance (Weslawski et al., 1999).
Uniquely, the coastal environment is a transi-
tional zone between terrestrial and marine eco-
systems, it acts as a buffer by absorbing high
wind and wave energy, and is in a constant state
of flux – it is not fixed in an absolute location
unless it consists of rocky headlands which have
evolved highly specialized assemblages of flora
and fauna, such as macroalgal canopies and
their associated invertebrate and vertebrate pop-
ulations (EPAP, 1999). Different topographies,
microclimates and oceanographic variables,
such as currents, result in the establishment of
specific, highly productive assemblages. Such
areas may be considered ‘functional zones’
(FZs) upon which other biota, many distal to the
FZ, such as those in the deep benthos and open
ocean, rely. The precedent for growing concern

for these FZs comes from historically recent
transformation of many coastal areas, due not
only to migrating populations but also to
increased scales of resource extraction, global
changes in climate and the ever-increasing
desire of humans for recreation in these zones
(Alessa and Bennett, 2001).

The ecological communities, and their
dynamics, in the rocky intertidal zone are com-
plex, due to natural, cyclic fluctuations, both
temporally and spatially (Schiel and Taylor,
1999). Disturbance may play an important role
in the distribution of the fauna and flora (Alessa
and Bennett, 2001). Biotic and abiotic distur-
bances in the rocky intertidal zone leave bare
space available for colonization, and thus
increase diversity in a habitat otherwise domi-
nated by a few species (Alessa and Bennett,
2001). Human activities, notably ecotourism,
are considered a disturbance to natural envi-
ronments (Laist et al., 2001). This is particularly
important since synergistic effects may occur
with other disturbance pressures (Wipond and
Dearden, 1988). In the nearshore, anthro-
pogenic disturbance events vary in nature.
Industrial discharges and ocean warming or
cooling are more or less considered continual
stresses (press disturbances). Other human
activities are considered to be more variable in
time and space (pulse disturbances).

Human activities in the intertidal zone may
have a considerable negative impact on the
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biota there, particularly macroalgae. The altera-
tion of critical algal communities often impacts,
either directly or indirectly, the abundance of
other organisms, mainly invertebrates, which
are dependent on them for habitat and prey
items (Addessi, 1994). The changes effected by
human visitation may interact with serendipi-
tous variables, such as weather and anthropo-
genic inputs, to push habitats toward
impairment, where resilience is decreased to
the point that interseasonal recovery may no
longer occur. These emerging trends highlight a
gap that exists in research, which seeks to
understand, mitigate and manage the effects of
human disturbances on natural environments.
Empirical approaches, which have fallen out of
vogue for most disciplines, are crucial in this
case, where the patterns created by humans are
not well characterized and their complex feed-
backs poorly understood. Such characterization
is the first step in developing understanding
through experimental design and manipulation
that has meaning and context to real world sit-
uations. Thus, one of the most prevalent bio-
physical impacts in temperate coastal parks,
where rocky headlands provide the substrata for
intertidal and subtidal biota, is the removal of
the base macroalgal canopy by trampling. This
removal occurs through mechanical shear,
which modifies both the canopy structure (i.e.
through clearing) as well as the reproductive
status of individuals that make it up (i.e. lower-
ing the canopy’s reproductive strength), by
preferentially removing reproductive tissue
(receptacles) from vegetative tissue (thallus).
Since Fucus individuals only recruit within a
few metres from the parent organism (Alessa
and Bennett, 2001), the removal of reproductive
tissue is significant.

The documentation of the removal of
macroalgae by trampling is evident in the liter-
ature (e.g. Schiel and Taylor, 1999); however,
the details of recovery from the loss of algal
tissue are diverse. Few report recovery as a con-
sequence of vegetative growth from the
remaining holdfast left behind (e.g. Schiel and
Taylor, 1999). Few studies have examined the
selective removal of reproductive tissue from
the organism and the effects of use intensity on
multi-year recovery cycles under conditions of
complex patterns, such as those found in
national parks and protected areas. In higher

latitude coastal parks with rocky headlands
Fucus spp. (especially gardneri) macroalgae are
important because these organisms engineer
the intertidal zone in an otherwise marginal
and hostile environment. They provide a com-
plex canopied habitat which protects benthic
fauna, including vertebrates, from stressors
such as desiccation at low tide, predation, irra-
diance, wave action, diurnal and seasonal tem-
perature fluctuations and freshwater inputs.
Moreover, the macroalgal canopy provides
diverse niches which establish a complex and
rich ecosystem that sustains both terrestrial and
pelagic biota. Thus, by gaining an understand-
ing of the variables that reduce the numbers
and layering of these engineer organisms, we
may be able to establish and monitor early indi-
cators of approaching impairment thresholds;
for example, a ‘pre-threshold loss’ for macroal-
gal cover, close to which natural recovery is
compromised. In this chapter we examine the
effects of trampling by visitors on fucoid algae
in the coastal environment of the Pacific Rim
National Park Reserve (PRNPR), Canada.

Methods

Study site

PRNPR lies on the west coast of Vancouver
Island in British Columbia, Canada. Together
the three discontinuous units of the National
Park, Long Beach, the West Coast Trail and
Broken Group Islands (Fig. 23.1) protect a 125
km narrow strip of coastland (57% of Park) and
ocean (43% of Park) covering approximately
51,986ha. Of the three park units, the Long
Beach Unit is the best known and most access-
ible, particularly by road, and famous for its
long, sandy beaches. The 500,000 to 1 million
visitors per year represent the fifth highest
number of visitors to a park in Canada. The
Long-Beach unit is visited by approximately
800,000 people per year (60% from British
Columbia, 25% from the rest of Canada, 10%
from the United States, and 5% from other
countries; Wilkinson, 2000). Approximately
90% of visitors travel to PRNPR between May
and September. In a 1996 survey, Pacific Rim’s
‘overall ecological stress ranking’ was ranked
as ‘most stressed’ – one of only four parks in
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Canada to receive such an assessment (Rollins,
1998).

Techniques

The impacts of visitor trampling on Fucus spp.
macroalgae assemblages at PRNPR were meas-
ured before, during, and after four consecutive
visitor seasons between 1999 and 2002. Use
intensity in PRNPR is highly varied, and four
rocky headland sites were chosen, representing
different levels of human visitation. One high-
impact site, one moderate-impact site, and two
low-impact sites were chosen. Two low-level
sites were chosen to ensure that measurement at
this level of impact was distinguishable from
background noise levels. All four sites were
chosen following discussion with PRNPR staff,
and the distinction between levels of impact
were based on staff knowledge of visitation at
the sites. Visitation levels at each site were
ground-truthed before the measurement work
commenced, to verify the differences in visita-
tion and impact as conveyed by park staff.
Throughout the measurement period, visitation
levels were determined quantitatively by count-
ing the number of visitors in each of four quad-
rants representing the total emersed (dry at the

lowest low tide) accessible area of each head-
land. Visitation levels were measured each day
(sunrise to sunset) throughout season 1 (1999)
and then at least every 3 days, including each
day of a weekend, thereafter (2000–2002).

In addition to the visited sites, measure-
ments were taken at four control sites which
received no visitation during the entire study
period. A control site was selected close to each
of the four visited sites to ensure comparability
in physical features (including wave exposure,
aspect and topography). These were headlands
that were not accessible by visitors, providing
sites free of impacts resulting from visitation.
Data collection activities by the field workers
were conducted by swimming to each control
site.

The percentage cover of Fucus spp. was
measured at each site (visited and control) using
25�25cm quadrats placed every 2m along five
50m transects. Measurements were made daily
through the summer season and weekly outside
of the summer. In addition, measurements were
taken of the percentage cover of other dominant
canopy organisms – barnacles (Balanus spp.)
and anemones (Anthropluera spp.). The length
of each frond of every Fucus spp individual in
each quadrat was measured using a caliper
ruler. The reproductive capacity of Fucus spp.
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was measured by counting terminal receptacles
on each frond of every individual in each quad-
rat. Desiccation rates of Fucus canopy at each
site were measured at three different tide
heights (midzone, MZ; highzone, HZ; high
highzone, HHZ) by placing 5-g pieces of Fucus
on the substrate and measuring each piece at
the outset and then every minute for up to 360
min. Each piece of Fucus consisted of thallus
and receptacle.

Results

Use intensity

The four visited sites received visitation/impact
levels of 0.28 (
0.13) persons/m2/day for the
high-impact site, 0.18 (
0.08) persons/m2/day
for the moderate impact site and 0.06 (
0.01)
persons/m2/day for the two low-impact sites,
averaged over the four seasons. The types of
activities in which visitors engaged at each of
the sites were consistent (Fig. 23.2). These
involved walking, collecting, disturbing and
moving living organisms. The pattern of visita-
tion to sites in PRNPR is typical of many
national parks: heavy weekend visitation and

lighter weekday visitation, with intense overall
visitation occurring almost exclusively during
the summer months (May to September). It was
observed that visitors did not walk purposefully
across the headland, rather the patterns they
created were complex and chaotic, with poten-
tially multiple, non-linear feedbacks within and
upon a given headland that result in unpredict-
able changes. Furthermore, visitors tended to
stand in only a few spots and to move randomly
within them as they explored other intertidal
biota. The biological and management implica-
tions of this are beyond the scope of this chap-
ter. Visitation is also coincidental with ambient
conditions, such as weather, that can mitigate
or exacerbate trampling effects. For example, a
heavy rainfall during a weekend may limit the
number of visitors to the rocky headland,
whereas a sunny day will bring more out.

Effects of visitation on biotic cover

The percentage cover of Fucus in sites of low
levels of impact remained high, in excess of
90%, and only marginally lower, approxi-
mately 5% less, than the averaged percentage
cover for all four control sites (Fig. 23.3). These
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Fig. 23.2. Types of depreciative behaviours (i.e. those capable of levying a biological cost) observed in
the Pacific Rim National Park Reserve.
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data suggest that low visitation does not result
in progressive impairment. The percentage
cover of Fucus at the site of moderate levels of
impact ranged from 80 to 85% prior to a visita-
tion season, decreasing over each season to
75–80% compared to the averaged control
sites cover of 95% or higher (Fig. 23.4). These
data indicate that moderate visitation pressure

does result in progressive impairment, suggest-
ing that a threshold exists between low visita-
tion and moderate visitation. The percentage
cover of Fucus at the site of high levels of
impact ranged from 45–55% prior to a visita-
tion season, decreasing over each season to
30–40% compared to the averaged control
sites’ cover of 95% or higher (Fig. 23.5). At sites

Ecological Impacts on Macroalgal Beds 353

January          March             May              July          September    November

Sampling month

P
er

ce
nt

ag
e 

co
ve

r

Y99
Y00
Y01
Y02

Low level of impact (0.06 persons/m2/day) percentage cover change (interannual)

100

95

90

85

80

75

70

65

60

Control interannual variation

Y99
Y00
Y01
Y02

P
er

ce
nt

ag
e 

co
ve

r

100

95

90

85

80

75

70

65

60
January          March             May                July          September     November

Sampling month

Fig. 23.3. Changes in percentage cover for Fucus spp. at Pacific Rim National Park Reserve over 4
years (1999–2002), at two sites of low levels of impact (visitation), compared to averaged percentage
cover for all four control sites.

BUCKLEY MAKE-UP  23/6/04  10:33 AM  Page 353



of low levels of impact the percentage cover of
biota was high and remained at a consistently
high level annually and interannually. At sites
of moderate levels of impact the biotic cover
was reduced (approximately 5% of cover)
through the visitor season and displayed an
inability to recovery interannually (a 5% reduc-
tion over 4 years in the biotic cover available

prior to the visitor season). At sites of high levels
of impact the biotic cover was reduced signifi-
cantly (approximately 15% of cover) during the
visitor season and displayed an inability to
recover interannually, similar to moderate
levels of impact (a 5% reduction over 4 years in
the biotic cover available prior to the visitor
season).
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In PRNPR, the percentage cover of the
three dominant canopy species, Fucus gardneri,
barnacle and anemone, in control sites versus
visited sites reflects the overt removal of biota by
foot traffic. In controls, Fucus forms a complex
canopy, which overlaps barnacles and provides
habitat for invertebrates, and the biotic cover
comprising Fucus is close to 100% (Fig. 23.6).

However, in high-use sites, the percentage
cover of Fucus and barnacles was significantly
reduced, to below 50% (Fig. 23.7). This reduced
pattern of biotic cover is not seen in any of the
control sites but is observed in areas of high
wave action, where large amounts of sediment
are regularly redistributed (data not shown).
This is not surprising when one considers that
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Fig. 23.5. Changes in percentage cover of Fucus spp. at Pacific Rim National Park Reserve over 4 years
(1999–2002), at the site of high levels of impact (visitation), compared to averaged percentage cover for
all four control sites.
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the mechanical shear inherent in foot traffic
may not be dissimilar to that caused by sedi-
ment transport in waves, despite the complexity
of impact patterns. There is a trend towards
biotic cover which more closely resembles that
found in controls as use intensity decreases, and
a strong correlation between decreasing density
of people (per m2) and increased Fucus abun-
dance (r�0.87, P�0.0001).

Effects of visitation on receptacle length

The lengths of the receptacles (reproductive
fronds which contribute zygotes for recruit-
ment) is correlated to the number of receptacles
(gamete producing tissue) that an alga holds
(Alessa and Bennett, 2001). The longer the
frond, the more receptacles are present and the
more gametes are produced. Thus, a reduction
in the frond length will directly impact the
number of gametes produced and the reproduc-
tive strength of the individual (Alessa and
Bennett, 2001). Frond lengths were significantly
shorter at the end of the season in the high use
intensity site (Fig. 23.8). The decrease in frond
lengths was a direct consequence of mechani-
cal shear and, each season, numerous detached
fronds were observed throughout the season in

the high use intensity site. The significant reduc-
tion in frond length reflects a decrease in total
reproductive biomass and, hence, overall repro-
ductive strength of the canopy.

Effects of use intensity on percentage
reproductive fronds

The change in reproductive fronds demonstrates
clearly that increasing use intensity has pro-
nounced effects on the total biomass of func-
tional reproductive tissue (Fig. 23.9). At the
highest level of impact the percentage of repro-
ductive fronds is well below 40 at all tide heights
versus the controls, which range from approxi-
mately 65% at the HHZ to almost 90% in the HZ
and MZ. There is a discrete and significant
increase in the percentage of reproductive fronds
across tide heights as use intensity drops to the
moderate and low levels, where, for the latter,
they most closely resemble those of the control.

Desiccation stresses as a consequence
of trampling

The desiccation rates of Fucus were signifi-
cantly higher at the high impact/visitation site
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than other visited sites, and higher at the mod-
erate impact visitation site than the low impact/
visitation sites (Fig. 23.10). These patterns in
desiccation rates were consistent across all
three tide heights (Fig. 23.10). Furthermore,
during drier periods, the receptable-thallus
attachment of Fucus became more brittle due
to water loss and therefore easier to remove via
mechanical shear resulting from foot traffic.

Discussion

The most biologically significant impact of vis-
itation on rocky headlands of PRNPR is the
removal and modification of the macroalgal
canopy in the intertidal zone. An understand-
ing of the mechanisms that affect and limit the
reproductive success of Fucus spp. on the
North Pacific coastline is essential to the man-
agement of these areas. Without these basic
data, we will be unable to develop models that:
(i) predict the sensitivity of specific nearshore
locales to human impacts; (ii) identify variables
that are indicative of stress for use by managers
and scientists; and (iii) develop methods for, at
least partial, restoration of highly impacted

areas. One of the goals for management in
rocky coastal parks is the need to determine
effects of use intensity on the removal of Fucus
cover to help identify a use threshold (persons/
m2/day) after which natural recovery can no
longer occur, or is impaired, thus resulting in a
macroalgal canopy which is highly vulnerable
to change. The removal of receptacles will
affect the total reproductive capacity of an indi-
vidual alga and, hence, the ability of the
canopy to recruit interseasonally, which is
reflected in the observed progressive decrease
in cover over 4 years of observation of differen-
tially (i.e. low to high) impacted sites in PRNPR
(see Figs 23.4, 23.5 and 23.6). The indication
that frond lengths were shorter in visited sites
than in control sites (Fig. 23.8) even prior to the
height of visitation to a specific area may be an
‘impact echo’, which we propose represents a
precondition of impairment resulting in a pro-
gressively deteriorating baseline. Frond lengths
within the control sites did not change signifi-
cantly over the 4 years of observation, which is
expected in lieu of major disturbance such as
severe storms or other events acutely capable
of shearing algal tissue. Changes in frond
lengths are observed across tide heights. These
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data need to be developed to provide indica-
tors for use patterns that could preferentially
affect specific tide zones, due to topographical
impediments or the proximity to other organ-
isms of visitor interest, such as starfish. The
results of the effects of use intensity on repro-

ductive fronds (Fig. 23.9) indicate that increas-
ing levels of human trampling reduce biotic
cover at an increasing rate, while recovery from
that trampling following a visitor season is
inhibited once moderate or high levels of tram-
pling are incurred.
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The complex canopied structure of the
Fucus canopy in PRNPR results in microclimates
that protect flora and fauna from desiccation
during low tide. This is primarily due to the mit-
igation of evaporation. The removal of the
macroalgal canopy, across tide heights, exposes
mineral substrata where evaporation rates
increase to levels where other biota cannot sur-
vive and where Fucus propagules cannot germi-
nate and, hence, the canopy cannot self-recruit
(Fig. 23.10). This process is exacerbated and the
condition maintained through continuous visita-
tion. The combination of the loss of reproductive
strength (via the removal of reproductive fronds)
and the creation of increasingly larger areas of
high evaporation rates violates the tolerance
limit of germination for Fucus propagules and
results in a progressively impaired state.

Trampling impacts in parks such as PRNPR
are likely the most significant cause of impair-
ment of intertidal ecosystems – the primary
attraction for ecotourism. Increasing levels of
human trampling on intertidal biota result in
susceptibility to damage and an inability of
ecosystems to recover from that damage (Figs
23.3, 23.4 and 23.5). One of the main compo-
nents that must be ascribed to an impact situa-
tion is that the recovery interval is greater than
interseasonal. For example, if the biotic assem-
blages on a rocky headland are decimated

during the summer months but are restored
(through self-recruitment) by the next summer,
then the impact level is not significant in a long-
term consideration. Ecotourism has the poten-
tial to push coastal assemblages beyond their
ability to recover interseasonally. In this case
study, we identified the direct relationship
between tourist visitation (our proxies for eco-
tourism magnitude) and biophysical distur-
bance in a critical habitat, that is, in macroalgal
canopies. Coupled with our understanding of
the effects of visitors’ knowledge and percep-
tion of ecosystem health on depreciative
behaviour in the intertidal zone (Alessa et al.,
2003), these data provide park managers with
information that allows them to manage the
impacts of ecotourism and the behaviour lead-
ing to these impacts.
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Introduction

Context

Although outdoor recreation activities in Brazil
have not received widespread attention interna-
tionally, incentives for ecotourism and public
visitation to conservation areas have increased
significantly over recent years. Many conserva-
tion areas have experienced the pressure of an
increasing number of visitors, often associated
with a demand for diversified opportunities for
recreation. Considered a specialized minority
30 years ago, nowadays there is an increasing
group in search of activities such as hiking,
camping, climbing and rafting. This is due to
information becoming more easily accessible
about what, how and where to practise, as well
as the availability of good-quality equipment.

The increasing number of visitors seeking
contact with the natural environment, and the
need for diversity, increases the necessity
for accommodating uses in protected areas.
Planning and management actions need to be
implemented in these areas, particularly strate-
gies that control impacts to the environment
and visitor experiences caused by recreation.

Although some countries have an exten-
sive research history on recreation manage-
ment in natural protected areas, Brazil has
produced little on this topic. Increased impacts

caused by recreation use are largely dealt with
through restrictions in use, closure of areas, and
greater regulation of activities, causing a reduc-
tion in alternative activities available and less
visitor freedom.

The goal of this research is to help under-
stand the relationship between visitor charac-
teristics, behaviour and ecological impacts
based on a case study in Itatiaia National Park
(INP). The objectives of this study were: (i) to
describe the actual conditions of ecological
and social conditions in camping areas and
trails; (ii) to obtain data about visitation and vis-
itors – who they are, their previous experience
and their knowledge of minimum impact tech-
niques; and (iii) based on this knowledge, to
propose guidelines for a visitor education pro-
gramme that would minimize impacts.

The belief underlying this study is that
better-informed and more responsible visitors
will contribute to reducing impacts in these
areas, enabling protected area policies to be
less restrictive.

Recreation management in Brazil

Managers working in protected natural areas of
Brazil constantly face problems related to
impacts caused by recreation. Such impacts
threaten the ability of these units to conserve
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their natural resources while providing recrea-
tional opportunities for visitors.

Professionals responsible for management
in such areas, particularly parks, have been
dealing with problems related to impacts
caused by recreation for many years. They are
in search of better solutions, but little progress
has been made in many places. As a matter of
fact, in most cases, use is simply prohibited,
since better solutions require financial and
human resource investments which are fre-
quently not available.

According to Magro (2003), in the past,
when public use of natural areas was not as
intense, trail, campsites or area closures within
some National Parks did not generate public
reaction or were not even noticed. Significant
increases in public use of parks and recreation
areas, however, have created such pressure that
public access to some closed areas has been re-
established, creating new administrative prob-
lems. Public pressure, often from people
involved in outdoor sports, to open new areas
to new activities has also increased. In addi-
tion, historically there was a certain lethargy
regarding public use of national parks, but now
the situation is far more dynamic, with greater
public participation. Public dissatisfaction has
been observed when certain restrictive restora-
tion measures were established, especially if
they were of a permanent nature.

Visitors vary greatly in their demands and
expectations. However, these demands and
expectations need to become compatible with
conservation goals. According to Barros and
Dines (2000), the current attitude of simply
ignoring these different demands has increased
the impacts in these areas, because it foments
illegal and uncontrolled use. These authors
emphasize that wilderness outdoor activities
have been increasing in the country at a time
when the demand for protecting nature has also
reached an unprecedented level.

According to Kinker (1999), public use is
seen as an excellent opportunity for develop-
ment and a source of income for many conser-
vation units. Since tourism generates more
visitation opportunities, it may bring economic
benefits not only for the conservation unit itself
but also for the surrounding communities.
There has been a shift in the management of
natural protected areas, fomented by interna-

tional cooperation agencies and banks and also
by national pressure. This shift has been to
move away from the ostracism which these
areas have been subject to for years (for the
sake of natural resources protection) and
towards the establishment of centres of regional
development. Therefore, public agencies in
charge of these areas have been trying to open
parks to recreation by providing physical infra-
structure, and have also been setting up studies
to analyse further ecotourism potential in parks
and surrounding areas.

This strategy is time consuming and repre-
sents a long-term challenge. As a result, these
areas continue to offer recreation opportunities
for a large number of people without, however,
fulfilling the expectations of visitors with
respect to the quality of their experiences.

According to Jesus (2002), the appropriate
strategy for conservation areas in Brazil may be
the design of recreational plans that incorporate
less conservative and more contemporary
approaches to recreation activities.A contempo-
rary approach acknowledges the new demand
for activities in natural areas and their necessity
for incorporation into the management of these
conservation areas. It does not necessarily mean
the immediate approval of all the activities, but
the evaluation of whether each activity is appro-
priate for the area.

From policeman to educator

Many natural area managers and researchers
consider environmental education a funda-
mental component for the long-term survival of
these areas. Environmental education can pro-
vide information about natural areas; make
people aware of nature’s cultural, environmen-
tal and experimental value; and help to build a
better human relationship with the natural
environment (Gunderson et al., 2000).

According to Gunderson et al. (2000),
environmental education includes methods
and practices such as: creation of videos, pub-
lications and Internet information; minimal-
impact materials and training, such as the
Leave-No-Trace programme (Hampton and
Cole, 1995); brochures and signs posted at the
entrance of national parks; environmental
interpretive programmes; local talks and pres-
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entations carried out by park staff and person-
nel; and environmental education curriculum
for school students.

Visitor education has been considered the
most desirable approach for public use man-
agement in natural areas, in Brazil and interna-
tionally (Indrusiak, 2000; Vasconcellos, 2002).
According to Gunderson et al. (2000), wilder-
ness managers in the USA prefer educational
programmes that influence visitor behaviour in
the direction of management goals, since edu-
cation supports individuality and freedom of
choice, characteristics not common to many
other alternatives. Sixty per cent of managers
working in wilderness areas in the USA were
using educational strategies to deal with several
management-related problems as early as the
late 1970s (Washburne and Cole, 1983).

An educational emphasis has several
advantages. One advantage is to move away
from the policeman role, usually associated
with managers when they prioritize regula-
tions. Taking into account the high educational
level observed in most visitors to Brazilian
parks (Takahashi, 1998; Kinker, 1999), the edu-
cational approach presents a higher probability
of being successful. Visitors should be able to
use the information, deal with concepts and
their relationships, and understand the reasons
behind specific management strategies.

The main premises supporting an educa-
tional strategy towards management are: (i)
many impacts and problems are due to careless
behaviour and lack of information; (ii) visitors,
once educated and informed, are willing to
adopt appropriate behaviours; and (iii) many
problems will be minimized by educating visi-
tors about appropriate procedures, hence elim-
inating the need for more expensive regulatory
strategies (Hammitt and Cole, 1998).

Visitor education is an important tool to
consider amongst available management alter-
natives when dealing with certain problems.
More studies are needed, however, to identify
the essential information that should be pro-
vided to visitors and the best way to assemble
and make it available; to determine whether
education is effectively shifting behaviour in
the expected direction; and, finally, to evaluate
the performance of different educational strate-
gies associated with other management strate-
gies.

Methods

Study site

As described by Magro (2003), the Brazilian
Federal Government acquired the lands of
Itatiaia National Park (INP) in 1908, for the
creation of two colonial towns. These towns
were composed mainly of European immi-
grants, most commonly from Finland. Due to
steep hillsides, these towns were not success-
ful, and the land was returned to the Ministry of
Agriculture. In 1929, a Biological Research
Station was created and administered by the
Botanical Garden of Rio de Janeiro (IBDF,
1982). In 1937, this land became the first
Brazilian National Park, the Itatiaia National
Park (INP). It is located in the south-west of Rio
de Janeiro state, directly south of Minas Gerais
(Figs 24.1 and 24.2). The park is 30,000ha in
area. One of the main attractions is Agulhas
Negras Peak, 2787m high and the fourth high-
est peak in Brazil. The average annual visitation
to the whole park is approximately 100,000
visits. This is low relative to other Brazilian
parks, such as Iguaçu or Tijuca National Parks,
which each receive about 1 million visitors
annually. However, visitation in Itatiaia is
largely limited to one or two sites only, and
occurs mostly on weekends, holidays and
school vacations (Magro, 2003). The Itatiaia
plateau, where this study was conducted,
receives around 11,000 visitors every year,
most of them from São Paulo and Rio de
Janeiro.

Use of campsites and trails at INP plateau

There is only one official campsite in INP,
located on the plateau near Rebouças Hut.
Camping was suspended there in 1991, due to
contamination of Campo Belo River springs.
Even though closed for the public, the area has
been used for military training. Other organiza-
tions, such as outdoor and climbing groups,
also continued to use the area during this
period. In the beginning of 1999, Rebouças
Camping was reopened for use by other associ-
ations and groups (Magro et al., 2001). The fact
that the park campsite could only be used by
some groups damaged the park’s image, since
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the main technical justification of environmen-
tal contamination was discredited. Nowadays,
the area is only open for the military.

Since the park administration did not offer
alternatives for the demand for camping, visi-
tors simply began to camp in other environ-
mentally fragile areas elsewhere in the park.
These areas soon became heavily used by visi-
tors, since no authorization was required
beforehand and no fees were payable.
However, after a fire, caused by two visitors in
2001, INP administration prohibited all camp-
ing in and adjacent to the park, leaving camp-
ing visitors with only one alternative: the
camping area at Hotel Alsene (Fig. 24.3).

As a result of these regulations, visitors’
options have been reduced from those initially
predicted for the park. Since first established,
several activities have been prohibited or have
become inactive, such as the use of huts, back-
packing and camping. No alternatives for these
activities have been implemented.

The most popular hiking trails in the pla-
teau include: Pico das Prateleiras, receiving
27% of all visitors; Pico das Agulhas, with 24%

visitation; and the road leading to Rebouças
Hut, with 21% of public visitation. Therefore,
most visitation is concentrated at the two main
plateau peaks, since the hiking trail leading to
Rebouças Hut is a dirt road also used by vehi-
cles. Since public use in the plateau is concen-
trated in only a few sites, the impacts are
accentuated. This is reflected by the very major
ecological and social trail impacts of the high
visitor presence at these three sites.

Characteristics of visitors and visits

A profile of the visitors was needed for the high-
est visitation season. Accordingly, visitor and
visit data collection began in February 2002
and was completed in October 2002.

Visitor and visit related data were obtained
using a questionnaire, based on Kinker (1999),
Takahashi (1998) and Cole et al. (1997a). The
questionnaire obtained information about: (i)
visit attributes, including group size, activities
carried out by visitors and duration of visit; (ii)
visitors’ perceptions about conditions found
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Fig. 24.1. Geographical location of Itatiaia National Park in Brazil.
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Fig. 24.2. The strategic location of Itatiaia National Park (INP), between two very important capitals (São
Paulo and Rio de Janeiro), enhances visitation on weekends and holidays.

Fig. 24.3. Camping at the park’s nearest hotel, within the Itatiaia National Park (INP) plateau.
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during visitation; and (iii) visitor attributes,
including previous experience, preferences
and demographic information and knowledge
about low-impact methods. Visitor knowledge
of minimum impact techniques was assessed
using tests developed by Confer et al. (2000)
and Ramthun et al. (2000).

Trails assessment

The first survey of ecological impacts in the
most heavily used INP trails was conducted by
Magro (1999). Relevant data were collected in
1995 and 1996. After studying 12 possible
impact indicators, the author selected three
(slope, soil texture and trail profile) that best
portrayed the degradation and restoration con-
ditions in the studied area. Subsequently,
Magro et al. (1999) carried out new studies, to
assess the biophysical impact indicators in the
trails and in the camping areas.

In the study reported here, more detailed
data on ecological impacts were collected in
2002 along four trails on the INP plateau:
Agulhas Negras (1300m); Prateleiras (2200m);
Pico do Couto (1400m) and Cachoeira da
Aiuruoca (6000m). Following methodology
described by Hammitt and Cole (1998), infor-
mation about trail conditions was collected at
100 sampling points distributed systematically
along the trails.

The following indicators of impact were
assessed, based on studies by Cole (1991),
Takahashi (1998) and Magro (1999): soil com-
paction, trail width, total width of trail influ-
ence area, exposed soil, depth of tread,
secondary trails and paths, and detractive fac-
tors. The detractive factors, assessed only as
present or absent, were trail conditions such as
steps, soil erosion, exposed rocks, soil disrup-
tion, exposed roots, drainage, muddiness or
trash, that caused any harm to trail use.

From the data on trail width and depth, we
were able to calculate the cross-sectional area,
which is an important indicator of erosion. As
noted by Hammitt and Cole (1998), width and
depth are easily collected in the field, and are
as efficient an indicator of erosion as full meas-
urement of transverse area.

Campsite assessment

Impacts caused by recreational camping on the
INP plateau were first examined by Magro et al.
(1999), as part of a monitoring and planning pro-
gramme for public use management. Between
1998 and 1999, a total of 35 camping areas were
evaluated. These included all areas with evi-
dence of use, both areas that were still in use and
those that had been abandoned.

The present research used the same assess-
ment methodology as in 1988 and 1999, with
the following indicators of campsite impact: (i)
vegetation, including bare soil areas, degraded
vegetation, shrubs with broken branches and
evidence of campfires; and (ii) sanitation,
human excrement and trash. In addition to
these basic indicators, the current research
included a more detailed survey using multiple
parameters, as recommended by Hammitt and
Cole (1998) and Monz (1999). Following the
methods of Cole (1982), Marion (1991); Cole
and Hall (1992) and Takahashi (1998), the
parameters used were as follows:

1. Area of the campsite. The area of each site
was measured using the variable radial transect
method developed by Marion (1991). A com-
puter program (Autocad) was used to calcu-
lated campsite area, based on the transect
measurements recorded. The total recreation
site area was obtained by adding the area of any
satellite sites and subtracting the area of any
undisturbed islands within the overall campsite
area.
2. Area of exposed mineral soil. An estimate
of soil exposure, defined as ground with very
little or no organic litter or vegetation cover,
within the campsite boundaries and satellite
areas was made using the geometric figure
method, described by Marion (1991).
3. Tree damage. This measure was obtained
by counting the number of trees and/or shrubs
located inside each camping area, and in its
immediate area of influence, which showed
marks, initials, nails, broken branches and
other scars caused by visitors.
4. Fire rings. We recorded each fire site
within campsite boundaries, including satellite
areas. This includes all old inactive fire sites, as
exhibited by blackened rocks, charcoal or
ashes.
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5. Litter. Trash at each campsite was classified
into three categories: low, none or less than a
handful; medium, more than a handful but not
enough to fill a 10-litre bucket; or large, more
than a 10-litre bucket.
6. Social trails. These are informal trails that
lead from the site to water, the main trail, other
campsites, or satellite sites. This measure was
obtained by counting the total number of social
trails at each site.
7. Human waste. We followed all trails con-
nected to each site to conduct a quick search of
likely ‘toilet’ areas, typically areas just out of
sight of the recreation site, and counted the
number of individual human waste sites,
defined as separate locations exhibiting toilet
paper and/or human faeces.
8. Number of other visible sites. The number
of other camping sites visible from the specific
site under assessment.
9. Soil compaction. Five sampling points
were established in each camping area, using a
Lang penetrometer, with centre-to-edge dis-
tance randomly determined. Five readings
were taken for each sampling point. The same
procedure was used for a non-impacted control
site adjacent to the camping area.
10. Photographs. A point with a good overview
of the camping area was selected, emphasizing
the boundaries used in delimiting the total area.
The objective was to obtain a photograph
including the largest possible area so as to
permit the evaluation of local site conditions.
Tripod height, azimuth, aperture and speed,
were also recorded.

Results and Discussion

Group size and seasonality

Most visitors to INP plateau travel in groups,
probably because of the area’s rough terrain
and difficult access. From a total of 605 individ-
uals interviewed, 2% were travelling alone,
53% in a group of 2–4 persons, 29% in a 5–10-
person group and 16% in a group of over 10
people. Although large groups constitute a
small proportion of the total number of visitors,
they may cause a significant impact on the
quality of the experiences enjoyed by other vis-
itors they encounter, besides making a major

contribution to ecological impacts such as
trampling. According to Hampton and Cole
(1995) any ‘optimum’ number is arbitrary, but
most researchers and land managers consider
that groups with more than 10 or 12 persons are
large groups. Using this criterion, it appears
that 84% of the individuals interviewed visit the
park in small groups of 10 people or fewer,
although the plateau does sometimes receive
groups of up to 100 people at once.

The seasonal distribution of visitors is
shown in Table 24.1, derived from park records
for the period of September 2001 to November
2002. Most visitors go to the two main peaks,
the Rebouças Hut and the road that accesses it.
To reach Rebouças Hut itself requires a 3km
walk on a dirt road. Thus 25.5% of visitors to
the park remain restricted to the Rebouças Hut
access road and do not visit park attractions.

Visitor activities

When interviewed about their main activity
during a visit: 41% of visitors responded that
they were just hiking; 44% hiking and climbing
to the peaks; 8% hiking and technical rock
climbing; 4% hiking and camping; and 2% did
not answer. These data also show that most vis-
itors (84%) either come in search of the two
most famous peaks in the plateau (Agulhas
Negras and Prateleiras) or hike the trails lead-
ing to their base or the road leading to
Rebouças Hut. There are several other options
for day trips, such as Pico do Couto, Morro do
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Table 24.1. Visitor distribution at Itatiaia National
Park from September 2001 to November 2002.

Number of Percentage
Attraction Visitors of Total

Prateleiras Peak 2614 26.8
Base of Prateleiras Peak 527 5.4
Agulhas Negras Peak 2320 23.8
Base of Agulhas Negras 267 2.7

Peak
Rebouças Hut 1994 20.4
End of Rebouças Hut 494 5.1

access road
Couto Peak 787 8.0
Altar Peak 416 4.3
Others 346 3.5
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Altar and Cachoeira do Aiuruoca, but few visi-
tors make use of these options. Instead, visitor
activities are concentrated at the three sites
mentioned above, increasing impacts in these
areas. This pattern of use is caused mainly by
the lack of information about other recreation
options, since there are no visitor centres,
trained personnel or information boards.

Hence, even though the INP plateau area
is very attractive for backpacking, climbing and
camping, its potential is not being fully real-
ized, largely because of the lack of planning
and access.

Length of stay

Figure 24.4 describes the duration of visitation
at the INP plateau. We observed that 83% of
visitors planned to stay overnight on the pla-
teau, probably because of its difficult road
access. It is a time-consuming drive and visitors
are also interested in exploring all the attrac-
tions in the area, especially Pico das Agulhas
Negras and Prateleiras. This contrasts with data
reported by Takahashi (1998), which indicate
that visits to parks in Parana State are generally
short. At Itatiaia National Park, visitors made
extended overnight visits, even though the
number of opportunities for activities has

decreased over the years due to camping pro-
hibition and some trail closures.

Visitor characteristics

Most of the visitors interviewed had a high level
of education: 34% were college students, 19%
had completed a college education, and 20%
were taking, or had taken, postgraduate courses.
These proportions far exceed the national aver-
ages, and also exceed the averages for the State
where INP is located. This may contribute con-
siderably to visitor acceptance of an educa-
tional programme, since individuals visiting the
plateau will be in a position to understand and
appreciate the significance of people’s actions
in protected areas.

Of the visitors interviewed, 51% were vis-
iting the plateau for the first time, 40% visit the
area at least three times a year and 72% stated
they commonly visit other natural areas. This
corresponds to a ‘high level of previous experi-
ence’ in the review by Roggenbuck and Lucas
(1987), who examined the characteristics of
visitors to wilderness in the USA. INP also has
users with lengthy experience, given that 12%
of all visitors have been visiting the park for
4–10 years and 18% have been visiting the park
for more than 10 years.
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Fig. 24.4. Duration of visits at Itatiaia National Park (INP).
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For 23% of visitors interviewed, camping
is not the preferred option for overnight accom-
modation, even though they enjoy outdoor
activities. Even though 70% of visitors inter-
viewed reported previous camping experience,
only 21% could identify the recommended
minimum distance to set up tents from trails
and creeks (Fig. 24.5). Correct procedures for
trash disposal, on the other hand, were iden-
tified correctly by 92% of those interviewed.

Even though 88% agreed that it is more
efficient to use camping stoves instead of
campfires, the number of fires per camping site
is high (5). Campfires have a strong social role
amongst campers, and are commonplace
despite the high fire risk. On average, campers
cause one fire every year at INP. This will prob-
ably be one of the most difficult behaviours to
modify through education.

Although, at 11,000 visitors per year, use
of the plateau is not considered high, 35% of
interviewees declared that the number of
people they met during their visit was higher
than they had previously expected. This may be
due to the fact that surveys were conducted
during the busiest visitation periods (Fig. 24.6).
None the less, 50% of visitors noticed fewer
impacts than they had expected.

Even though the questions about mini-
mum impact techniques were relatively easy,

the average correct score was only 7%, indicat-
ing that users were quite unfamiliar with Leave-
No-Trace (LNT) practices. This is a very low
score compared with the results obtained by
Confer et al. (2000), who reported an average
score of 48%; and Cole et al. (1997b), with an
average score of 33%. For the visitors inter-
viewed at Itatiaia National Park, knowledge of
minimal-impact practices was no higher, in
general, for those who had made several previ-
ous visits. This reflects the lack of visitor educa-
tion generally, not only at Itatiaia National Park.

Impacts along trails

Context for the present study was provided by
the milestone work of Marion (1994), who
measured impacts along 480km of trails used
by various types of visitor at several intensity
levels. At Itatiaia National Park, the average trail
width and depth do not indicate significant
resource degradation. The majority of the trails
consist of only one path, and its width accom-
modates single-row use. According to Marion
(1994), measurements conducted on trails in
protected areas show that the average width is
1m and depth is 30cm. The width of the
trails at INP is close to this value but the depth
is less, as shown in Table 24.2. Analysis of
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variance showed that trail width and the area
of exposed soil were not significantly different
among trails, except that there is less exposed
soil on the Couto trail.

The impacts summarized in Table 24.2
may be compared with the visitor distribution
data shown in Table 24.1, which indicate that
58.7% of visitors hike the trails to Agulhas
Negras Peak and Prateleiras Peak, while 8% of
visitors hike the Couto Peak trail. Trail width,
depth and cross-sectional area are greater for
the heavily used trails, though not proportion-
ately so.

The most common detractive factors
(Table 24.3) are erosion (except on the do
Couto trail), steps, exposed rocks and drainage
(especially on the Agulhas Negras trail). The
other factors investigated, namely soil disrup-
tion, trash, vandalism and exposed roots, do
not appear to present significant problems. It is
notable that problems of this type are related
principally to local terrain features, such as
slope and soil type, and hence reflect trail loca-
tion and planning more than visitor behaviour.

Vandalism is present only on Agulhas
Negras trail, and is confined to knife-carved
inscriptions on posted signs (Fig. 24.7): only
one observation from a total of 100 points in
the trail.

Impacts at campsites

The number of new campsites increased
between the first survey in 1998 and the second
in 1999, while camping was considered a legal
activity (Table 24.4). However, the total campsite
disturbance in 2002 is 42% lower than in 1999,
showing the effects of camping prohibition after
a fire in the Prateleiras area. Exposed mineral soil
was the only campsite indicator showing an
increase from 1999 to 2002. All other indicators
exhibited a decrease in value, presumably due to
closure of areas in August 2001.

Results from the detailed surveys of all
campsite areas (Table 24.5) show considerable
variation between maximum and minimum
values for all parameters. Overall, the median
area of campsites in INP, 61m2, is within the
range of 40–188m2 reported for two areas in
Oregon, USA (Cole et al., 1997a). Differences
between mean and median for total campsite
areas and area of exposed soil reflect the
skewed distribution of campsite size, with four
large areas and numerous small campsites
opened during the past few years. Indeed, over
half of the camping areas in the plateau
are �100m2 in area, and only two areas are
>900m2. Since the area investigated was not
initially planned for structured camping with
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Table 24.2. Summary of trail characteristics.

Agulhas Negras Prateleiras Aiuruoca Couto

Total width of trail area (cm) 306.88
21.62 ab 381.13
25.58 a 286.14
23.83 b 159.08
11.44 c
Trail width (cm) 117.68
6.25 a 113.67
9.40 a 101.62
17.75 a 81.02
7.10 a
Width of exposed soil (cm) 60.00
3.96 a 66.02
4.82 a 76.84
25.42 a 44.07
2.75 a
Tread depth (cm) 15.22
1.41 b 21.68
1.88 a 9.41
0.61 c 9.94
0.83 c
Trail transverse area (cm2)a 1511.8
176.46 ab 1867.1
196.02 a 764.6
100.28 c 974.1
249.56 bc
Number of additional trail braids 0.87
0.08 a 0.62
0.07 b 0.48
0.07 b 0.07
0.02 c
Soil compaction inside trail (kgf/cm2) 11.19
0.53 b 14.59
0.36 a 13.55
0.45 a 11.79
0.35 b
Soil compaction outside trail (kgf/cm2) 4.52
0.27 c 8.11
0.28 a 6.91
0.29 b 6.98
0.30 b

The values are mean
standard error. Means followed by the same letter are not statistically different using Tukey’s HSD at ��0.01.
a Trail width times trail depth
kgf, kilogram force.
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defined tent sites, camping areas were created
informally by visitors (Fig. 24.8). Most visitors
prefer isolated sites that offer privacy for cou-
ples and small groups: 53% of the people inter-
viewed were in a group of 2–4 people. Only the
large groups deliberately select areas with a
greater concentration of users.

As noted by Cole (1989), total area is
one of the most straightforward indicators of
impact at campsites: larger areas generally
represent greater aggregate impacts. The four
large camping areas at INP should therefore be
managed to avoid further expansion and
to minimize the impacts that have already
occurred.

According to Leung and Marion (1999),
the level of off-site disturbance and the poten-
tial for campsite expansion and proliferation
may be inferred from the number of social trails
radiating from a campsite. At INP campsites,
the mean number of social trails is 5.4, indicat-
ing a very high potential for expansion. Indeed,
such expansion was occurring until campsite
areas were closed, since there was no manage-
ment framework in place.

Whether the impacts described in the pre-
sent study can be considered acceptable, will
depend on the management objectives set for
the area. In Itatiaia National Park, indicators
such as damaged trees, social trails and human
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Table 24.3. Frequencies of detractive factors on major trails.

Agulhas
Negras Prateleiras Aiuruoca Couto

Detractive factor No. % No. % No. % No. % P

Soil erosion 10 9.30 12 11.4 15 15 2 1.9 �0.0121
Steps 32 29.90 21 20.0 12 12 22 21.6 �0.0181
Soil disruption 0 0.00 0 0.0 2 2 1 1.0 �0.2721
Exposed rocks 39 36.40 7 6.7 10 10 24 23.5 �0.0001
Trash 0 0.00 3 2.9 1 1 0 0.0 �0.1131
Vandalism 1 1.00 0 0.0 0 0 0 0.0 �0.4111
Drainage 2 39.35 1 1.0 1 1 2 2.0 �0.0001
Exposed roots 3 2.80 2 1.9 0 0 2 2.0 �0.4591

The final column shows the probability that frequencies of the factor concerned are homogeneous across all trails, i.e.
the trails differ in relative frequencies of erosion and steps at P�0.012 and P�0.018 respectively, and in relative
frequencies of exposed rocks and drainage problems at P�0.0001 in each case.
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Fig. 24.7. Relative contributions of the four trails to each detractive factor.
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waste should always have a tolerance limit
close to zero, except at campsites.

Conclusions

Results from surveys carried out in trails and
camping areas have two major implications for
public use management at INP: one related to
resource administration by park staff and the
other related to visitor education. Results from
the measurement of impact indicators on trails
corroborate the visitor distribution data, which
show that 59% of visitors hike the Agulhas
Negras and Prateleiras Trails, while only 8% of
visitors hike the Couto Peak Trail. However,
many of these trail impacts are induced by poor
trail design and maintenance rather than inap-
propriate visitor behaviour. Inappropriate beha-

viours, such as vandalism and littering, occur
only at very low frequency. Therefore, manage-
ment actions intended to influence visitor
behaviour will have low effectiveness in improv-
ing the conditions along the trails studied.
Erosion and drainage problems need to be
addressed through improvements in trail design
and regular trail maintenance.

The number of visitors to Itatiaia National
Park Plateau has been increasing, reflecting an
increasing demand for activities such as long
hikes, camping and rock climbing. However,
most visitation is concentrated at three loca-
tions: Agulhas Negras Peak, Prateleiras Peak and
Rebouças Hut. The park’s potential to offer a
greater variety of recreational opportunities is
not being developed, since visitors do not
explore other feasible hikes and sites. One
reason for this is the lack of information available
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Table 24.4. Basic impact indicators at plateau camping areas, 1998–2002.

Date 1998 1999 2002
Number of campsites studied 16 19 19 2002–1999 % Change

Bare area proportion of sites (%) 53 53 22 �31 �58
largest area (m2) 288 474 1710 1236 260
total area (m2) 1147 1094 3170 2076 190

Disturbance area proportion of sites (%) 88 95 78 �17 �17
largest area (m2) 6975 7515 5496 �2019 �27
total area (m2) 13434 19517 11310 �8207 �42

Damaged trees proportion of sites (%) 29 42 37 �5 �11
highest numbers 100 30 3 �27 �90

Campfires % of areas 53 74 63 �11 �14
Maximum value 12 8 6 �2 �25

Human waste proportion of sites (%) 6 58 26 �32 �55
scarce (% sites) 6 37 16 �21 �57
abundant (% sites) – 21 11 �10 �47

Trash % of areas 19 53 22 �31 �58

Table 24.5. Detailed impact indicators at 28 campsites, 2002.

Indicators Median Maximum Minimum Mean

Number of other sites visible 0 3 0 0.68
Number of trees damaged 9 28 1 11.07
Number of social trails 5 12 1 5.43
Number of fire rings 2 5 0 1.93
Trash Low – – Low
Occurrence of human waste 1 8 0 1.68
Number of satellite areas 0 2 0 0.50
Total camp area (m2) 61 1180 12 257.00
Bare area (m2) 20 413 0 42.40
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to visitors, since the park does not have a visitor
centre, trained personnel or information boards.

Impacts at overnight campsites are indeed
due largely to visitor behaviour. The greatest
problems are related to area expansions,
number of social trails, tree disturbance,
number of fire pits and inadequate disposal of
human waste. The expansion of informal camp-

sites has arisen from a legitimate demand which
is poorly addressed. If the park’s administration
does not provide structured camping areas to
meet the demand, then irregular unstructured
use will continue. However, the results also
show that visitors to INP have very poor knowl-
edge of minimum-impact techniques. This sug-
gests that visitor education programmes are also
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Fig. 24.8. When there is no definition of official camping sites, visitors open new camping areas in
search of privacy. (a) Satellite area of a campsite that has been used for about 10 years. (b) Newly
created non-official area.
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needed. A minimal-impact education pro-
gramme will only be successful, however, if car-
ried out as part of an overall integrated visitor
management framework. Most of the people
interviewed for this study recognized the impor-
tance of educational programmes for visitors,
and believed that observed impacts are due
principally to ignorance rather than vandalism.
Park administration should be prepared to meet
the demands of new users. Otherwise, illegal
activities that increase local environmental
damage will continue to occur.
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Introduction

There are about 175 natural protected areas
(NPAs) in Russia: 100 strictly protected reserves
known as zapovedniks, 35 national parks and
40 nature parks. Until 1983, zapovedniks were
devoted only to conservation and scientific
research, but during the past two decades they
have also been forced to open to limited eco-
tourism because of severe funding shortfalls
(Chizhova, 2000).

Half of Russia’s overall land area is moun-
tainous and most of these NPAs are in the
mountains, including all seven of Russia’s nat-
ural World Heritage sites. Most are in the
Caucasus, Altai, Kuznetsky Alatau and Sayan
Ranges in southern Russia, and in the
Kamchatka, Jugjur and Sikhote-Alin regions in
the Far East. These mountain ecosystems have
harsh climates with a long period of snow
cover; steep, unstable and highly erodible land-
scapes with high frequency of avalanche,
debris flow and rockfall; thin skeletal rocky
soils; and complex mosaics of plant and animal
habitats.

To maintain the conservation value of
mountain zapovedniks, therefore, the number
and activities of ecotourists must be regulated
carefully in the light of natural processes and
ecotourist impacts. Here I describe hiker
impacts, recreational capacity calculations and
management measures for one such area,

Kavkazsky State Biosphere Reserve, part of the
Western Caucasus World Heritage Area.

In these mountainous landscapes, most
human activities are concentrated along trails
and associated campsites, rather than being dif-
fused evenly over the entire area. Much of the
earlier impact research in Russia, reviewed by
Kazanskaya (1972), Taran and Spiridonov
(1977) and Ivonin et al. (2000) has focused
principally on broad-scale impacts, and may
therefore not be immediately applicable. We
have therefore examined impacts along hiking
trails and sites in the Urals (Chizhova et al.,
1989); Kamchatka (Ivanov et al., 1995); west-
ern Russia (Chizhova and Obolenskaya, 2000)
and the Kuznetsky Alatau (Chizhova, 2002a).

As in similar mountain ecosystems in other
continents (Cole, Chapter 4 this volume;
Marion and Leung, Chapter 13 this volume),
continued trampling along trails in these
regions produces a broad and completely
denuded track where soils are either com-
pacted on level areas, or eroded by slopewash
on steeper sections. Initial compaction and
removal of vegetation cover leads to increased
runoff, with further impacts on vegetation. At
the margin of the bare area is a zone with
reduced diversity of native plant species, often
colonized by introduced weeds. The degree
of modification to the original vegetation de-
creases with distance perpendicular to the track
centre line. Disturbance to wildlife by human
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sound and scents extends far beyond distur-
bance to vegetation.

Measuring Hiker Impacts on Trails
and Campsites

Site and methods

In 2001 the Kavakzsky zapovednik, a UNESCO
Biosphere Reserve, was also designated as part
of the Western Caucasus World Heritage site.
There is a clear-cut altitudinal zonation from
the humid subtropical shorelines of the Black
Sea on the south-western side, to the glacial
landscapes of the watershed. The hiking route
studied runs 56km from an area known as
Krasnaya Polyana, up the steep southern
slopes of the Great Caucasian Ridge, across
Pseashkho Mountain Pass and down the north-
ern slopes to Camp Kholodny. The lower south-
ern section of the trail lies within the reserve’s
buffer zone, and the upper sections within the
reserve’s core area. Currently, the trail is visited
by only 100–200 visitors per year, but with the
planned construction of a mountain sports
centre at Krasnaya Polyana, the number of vis-
itors will increase greatly.

Pseashkho Pass lies on the boundary
between two geobotanical regions. The south-
ern region is dominated by beech and fir forests
at lower altitudes, and sub-alpine long-grass
meadows at higher elevations, above the pass
itself. The northern region is dominated by a
type of alpine meadow known as tipchak, with
smaller areas of long-grass meadows, and
avalanche-affected birch forests. The aim of this
research was to assess the impacts of hikers
along the trail and at commonly used campsites
and halting areas, as a basis for calculating an
appropriate recreational capacity for the trails.
The campsites studied were on the long-grass
meadows at around 1700m elevation, immedi-
ately above the treeline.

At each campsite, impacts on vegetation
are detectable over an approximately circular
area around 30m in diameter. At the outer
edges of these areas, plant associations are
barely affected by recreational impacts: distur-
bance stage 2 in the 5-point scale proposed by
Kazanskaya (1972). We examined soil compac-
tion, plant height and plant cover along radial

transects, and plant species assemblages in four
concentric zones within each site. Soil com-
paction was measured with a steel-cone micro-
penetrometer. Plant species were classified
either as locally native or locally introduced,
i.e. synanthropic, using floristic data from
Semagina (1999).

Results

Soil penetration resistance is five times higher
in the centre of the trampled campsites than at
the undisturbed periphery: 750g/cm2 as com-
pared to 150g/cm2. At the outer periphery, the
grass cover is 1.5–2.0m or more in height, with
100% projected foliage cover. At the centre the
grass is trampled down to 5cm or less in height,
and 1–2% projected foliage cover. Impacts
decrease radially from the centre. Synanthropic
species such as Poa annua, Trifolium repens
and Plantago major, all relatively resistant to
trampling, are common in the central zones.
The peripheral zones support typical long-grass
meadow species together with species from the
beech and fir forests, such as Rubus buschii,
Matteuccia struthiopteris, Solidago virgaurea,
Hesperis vatonis, Sorbus caucasica, Vaccinium
arctostaphylos, and occasionally Urtica dioica
in wetter areas.

The trail itself is rather narrow in this moun-
tainous area, with the zone of soil and vegeta-
tion impact extending only 0.5–1.0m on each
side. This compares with an impact zone
extending 10–12m on either side of tourist trails
in the flatlands of Middle Russia, for example.
In addition, this modified marginal zone,
beyond the heavily trampled track itself, is dis-
cernible along only 2–3% of the overall length
of trail between Krasnaya Polyana and Camp
Kholodny. Of course, that could soon change if
the number of hikers increases significantly.

Managing Impacts

Establishing permissible recreational
loads

Permissible recreation load may be defined as
the number of tourists that can use the route, over
a given time period, without causing degrada-
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tion of vegetation adjacent to the trail. This load
depends on tourist impacts, management prac-
tices and ecosystem characteristics (Chizhova,
2002b). In many cases, ecological tolerances are
exceeded in practice (Ganzer, cited in Luksh-
chanderl, 1987, p. 114).

Noise disturbance to wildlife and damage
to birch forests through firewood consumption
and pollution of high-altitude lakes are also
potentially significant impacts, but can be
reduced considerably through appropriate
minimal-impact practices. For example, hikers
can carry stoves, or campsites can be supplied
with firewood, so as to reduce damage to the
birch forests. Trampling impacts, in contrast,
depend strongly on the number of visitors and
cannot easily be reduced.

In addition to these impacts on the natural
environment, recreational capacity calcula-
tions need to consider social impacts of hikers
on each other (Chizhova, 2001). Groups of
hikers prefer not to see or hear other groups,

either on the trail or at campsites. To achieve
this, groups need to be spaced along the trail.
Spacing distances depend on trail factors such
as curvature, complexity and safety, density of
surrounding forest cover, number of observa-
tion sites, etc.; and on tourist factors such as
group size, composition, fitness, time taken at
observation sites, etc. Table 25.1 summarizes
the relative importance of each of these factors
in establishing permissible recreational loads
for each of the four major categories of NPA in
Russia (Chizhova, 2002b). Critical issues
include the following:

• the ecological and physical factors that
affect permissible recreation load need to
be established separately for each individ-
ual tourist route;

• social and psychological factors need to
be considered, as well as ecological and
physical factors;

• the maximum permissible recreation load
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Table 25.1. Major factors influencing permissible recreation loads in different types of natural protected
area (Chizhova, 2002a).

Factors determining the loads Recreation area Nature park National park Zapovednik

Resistance of natural complexes to ��� �� � �

trampling (mechanical composition
of soil, soil moisture, composition of
plant community, etc.)

Resistance of animals to disturbance � �� ��� ���

Route parameters (length, curving, � � ��� ���

forest density in the area, etc.)

Functional zoning of the territory � �� ��� (�)

Level of comfort of the territory ��� �� � �

Equipment of routes and tourist sites � �� ��� ���

Psychophysical comfort (frequency � �� �� ���

of contacts

Dominating type of recreation Mass Mass recreation Managed and Managed
recreation and private trips private ecotourism

ecotourism and guided
and trips trips

Average recreation loads From 10 to 50 5–25 people/ha 1–3 tourist 1–3 tourist
people/ha in the recreation groups for 1 groups for 1
simultaneously zone and up to route per day route per

10 guided groups week
for 1 route per 
day

Significance: ��� high; �� medium; � low; (�) significant only in special cases.
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should be determined by the most limiting
ecological or social factor;

• routes should be monitored at least three
times per year, i.e. before, during and after
the main tourist season;

• permissible recreational loads should be
adjusted each year in the light of monitor-
ing results.

Different factors are more or less significant for
different types of NPA. Impacts on wildlife, for
example, are less critical for recreation areas
because this type of NPA rarely supports native
fauna. Trampling is generally less important for
zapovedniks because there are strict manage-
ment rules requiring visitors to stay on trails.

At current levels of use, hikers between
Krasnaya Polyana and Camp Kholodny in
Kavakzsky Biosphere Reserve, cause little dis-
turbance to fauna because the species con-
cerned are apparently habituated to such
intermittent use. Introduction of weeds on
hiking boots could be of concern, but does not
seem to be significant to date. In particular, syn-
anthropic species on trailsites and campsites do
not seem to have spread into untrampled sur-
rounding vegetation. Currently, there are no
facilities along the trail, except at the beginning
and end of the route, but this is in keeping with
visitor expectations.

In view of all these factors, the recom-
mended maximum permissible recreation load
for the route as a whole is two groups per week
of 8–10 people each. Currently, the route is
used by hikers from June to September. It
should be closed in early June, however,
because the mountain passes and steeper
slopes are still snowbound and hazardous. It
should also be closed throughout September,
because at that time bears descend from the
mountain meadows to the lower forested
slopes, in search of fruit. Since the bears use the
same trails as the tourists, hikers can cause
major disturbance to foraging bears. The over-
all hiking season should therefore extend over
about 11 weeks, corresponding to a total load
of around 200 visitors each season.

In addition to limiting the number of hikers
on the trail, restrictions on activities, equipment
and infrastructure are needed, so as to maintain
the conservation status of the Kavakzsky zapo-
vednik as a Biosphere Reserve and World

Heritage site. This will be particularly critical if
a mountain sports centre is constructed as pro-
posed. For example, all shops, souvenir booths,
kiosks, restaurants, etc. should be prohibited
completely. Radios, music players, musical
instruments, loudspeakers and loud singing or
shouting should also be prohibited. Such
restrictions should be straightforward, but seem
to have been ignored in other parts of the
Caucasus, such as Teberdinsky Biosphere
Reserve and Prielbrussky and Sochinsky
National Parks.

Monitoring and Further Research

A monitoring programme should be estab-
lished that tracks:

• trail erosion: runoff intensity, slopewash
losses, trailbed expansion;

• vegetation change: species diversity,
weeds, physical damage;

• wildlife impacts: local population changes
in disturbed areas;

• physical impacts: litter, fire rings, graffiti,
etc.

Monitoring should be carried out at least three
times each season: before, during and after the
period of high tourist load. Management
responses may include: modifications to the
permissible recreational loads; trail repairs and
maintenance; changes to trail route, lookouts,
etc.; and/or environmental education pro-
grammes for visitors to the reserve.

Further research is also needed on tourist
impacts other than trampling: for example,
water pollution from campsites on the shores of
mountain lakes. However, some of these lakes
are avalanche pools which are completely emp-
tied by avalanches almost every year, so tourist
impacts may be insignificant in comparison.

Conclusions

The principal conclusions may be summarized
as follows:

1. Mountain landscapes have particular char-
acteristics, such as harsh climates and steep
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slopes, which affect the impacts of ecotourism
and outdoor recreation.
2. The impacts of recreational hikers in
mountain landscapes are concentrated along
linear routes, rather than spread out as in flat-
lands.
3. Visitor management needs to consider key
sites such as look-outs, rest stops and camp-
sites, as well as the location and maintenance
of trails.
4. In the Kavkazsky area, where many of the
prime sites for mountain hikers are close to the
dwarf birch forests, hikers should be required to
carry stoves or firewood and be forbidden to
damage the birch forests.
5. Since most mountain lakes and pools are
oligotrophic, washing in pools should be for-
bidden.
6. Minimal-impact education programmes
are needed for all visitors.
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Data Are Sparse

There are now over 1000 individual published
studies on the ecological impacts of human
recreational activities, including commercial
ecotourism. But there are hundreds of thou-
sands of plant and animal species affected, and
for each of these there are dozens of different
effects which disturbance could produce. The
multitudinous social science disciplines have
not yet described the behaviour of our own spe-
cies; and why should other vertebrates, at least,
be any less complex? In addition, the ecologi-
cal impacts of ecotourism include effects on the
physical as well as the biological environment,
and effects on ecosystems and species assem-
blages and interactions as well as direct distur-
bance to individual species. So even though
1000 studies might sound a lot in tourism
research, from an ecological perspective the
entire body of impact research to date is but a
bare beginning in the discipline of recreation
ecology.

For effective management of visitor
impacts in areas of high conservation value, as
has often been said (Buckley and Pannell,
1990; Buckley, 2001), we need quantitative
information on the impacts of different num-
bers of visitors in groups of various sizes,
engaged in a range of activities with corre-
sponding equipment, over different periods at
various seasons in a range of ecosystems, and

subject to a variety of management regimes, on
a number of ecosystem parameters and compo-
nents, including individual species. To date we
do have individual research studies which have
addressed aspects such as visitor numbers and
group size, activity and equipment, season and
duration, ecosystem and management; but
only in a small number of instances and for a
small number of species and parameters.

Our need for knowledge may be likened to
a vast multidimensional matrix linking all the
various factors which may influence impacts on
all the various ecosystem components. In each
cell of the matrix we need replicated studies,
quantitative data, measures of uncertainty and
predictive models. Our total current knowl-
edge, in contrast, lies entirely within a tiny pro-
portion of these matrix cells, and not a single
cell is entirely filled.

Data Are Clumped

The reviews and case studies in this volume aim
to take stock of the current state-of-the-art in rel-
evant research; and for the topics included,
coverage is relatively comprehensive. This set of
topics, however, reflects information available,
which is neither complete nor even. Information
currently available on the impacts of ecotourism
is heavily biased to a few geographic areas, not-
ably North America; and in consequence, to
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particular ecosystems, species and ecotourism
activities. For some combinations of impact cat-
egories, such as the impacts of pedestrian tram-
pling on temperate grassland and similar
vegetation, there is an established body of
English-language ecological research by inter-
nationally recognized experts. For other types of
impacts, and other parts of the world, there are
valuable case studies but as yet no coherent and
cross-referenced body of research.

There may be corresponding bodies of
impact research in other languages from other
continents, but if so, there is very little cross-
citation into the English-language literature.
Chapters in this volume from Russia and Brazil
do cite previous work published in Russian and
Portuguese, respectively, but not in such quan-
tity as other chapters cite work published in
English. It would indeed be valuable for bilin-
gual ecologists to compile English-language
reviews of recreation-impact research pub-
lished, for example, in Mandarin or Cantonese,
or even in Spanish and French.

Intercontinental differences in the appar-
ent depth and breadth of recreation ecology
research, however, cannot be ascribed solely to
incompatibilities in language. For example, the
literature cited in many of the chapters of this
book show that there has been far less impact
research in Australia than in North America,
even though Australian scientists are well rep-
resented in the ecological literature as a whole.
This pattern has been noted previously by
Newsome et al. (2001). Certainly, there are
fewer people and proportionately fewer ecolo-
gists in Australia; and certainly, many ecologists
in both continents perceive other ecological
issues as more fundamental or urgent than
measuring the impacts of ecotourism and out-
door recreation. At least equally critical, how-
ever, is access to research funding for applied
recreation ecology. Much of the work in the
USA and Canada has been carried out by a rel-
atively small number of individuals supported
by specialist institutions. In Australia, recrea-
tion ecologists were initially optimistic in the
mid-1990s when the federal government
invested well over US$10 million in a national
Cooperative Research Centre for Sustainable
Tourism (CRCST), over a 7-year period. In prac-
tice, however, CRCST allocated almost all its
efforts to social sciences, with minuscule fund-

ing for research on ecological impacts. It
remains to be seen whether this situation will
improve now that CRCST has received addi-
tional funding for a further 7 years.

Because of the strong representation by
North American researchers, some particular
ecosystems and activities have been studied
much more intensively than others. Perhaps the
greatest concentration of quantitative experi-
mental research has been on pedestrian tram-
pling of ground-layer vegetation, especially in
open landscapes such as alpine meadows. This
research is indeed applicable in similar ecosys-
tems on other continents (Whinam et al., 2003;
Magro and de Barros, Chapter 24, this volume).
In other ecosystems, however, pedestrian tram-
pling may be far less significant ecologically
than other impacts of hikers, such as noise dis-
turbance to birds and wildlife, or introduction
of weeds and pathogens (Buckley, 2001).

There is thus a strong need to expand
research effort on the ecological impacts of
ecotourism and outdoor recreation across a
broader range of ecosystems and species. In
particular, as many developing countries are
currently promoting ecotourism as a means to
fund protected area systems, it is important to
extend recreation ecology research into rele-
vant tropical and sub-tropical ecosystems so as
to assist these countries in managing visitor
access and activities.

In the developed nations, there is an addi-
tional trend, namely the expansion of outdoor
sports and adventure recreation in public lands.
Recreation ecology research therefore needs to
devote additional attention to a broader range of
activities by a broader range of people. For exam-
ple, the increasing popularity of mountain-biking
and rock-climbing has generated a pressing need
for better data on their ecological impacts.

However, even for the most heavily stud-
ied impacts, such as pedestrian trampling on
ground-layer vegetation or flushing distances
for shorebirds, available data are still insuffi-
cient to yield quantitative predictive models
except at the broadest scale. The only variable
that Cole (1995a,b) could identify to compare
the results of vegetation trampling studies, for
example, was the number of passes needed to
reduce plant cover to 50% of its original value.
Even with such a broad parameter, available
data are not sufficient to predict the value of
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that parameter for a plant community not pre-
viously studied. Similarly, even though the
effects of trampling on plant cover have now
been studied experimentally for a range of eco-
systems (Cole, Chapter 4, this volume), there
are very few where the effects of, for example,
the distribution of hiker passes over time have
been quantified. Again, even though there are
some instances where soil as well as plant
parameters have been measured for trampled
areas, and even though there are cases where
the influence of, for example, slope and mois-
ture content on soil erosion have been consid-
ered, there are still not sufficient data to predict
how many hikers can cross a specific hill before
tracks start to erode out. There are guidelines for
choosing low-impact hiking routes and guide-
lines for building erosion-resistant hiking trails,
but these are based on experience, not on pre-
dictions from impact research. Suppose that
hikers routinely cross a particular hillslope, and
a land manager wants to know whether to
divert them around it so as to avoid an erosion
scar and expensive rehabilitation or track hard-
ening works. To make that decision the land
manager needs to know how many pedestrian
passes will reduce plant cover to zero and ini-
tiate soil erosion, for a specific slope, soil type,
plant cover and climate. Rarely, however, can
we provide such an estimate with any degree of
confidence. So the land manager must choose
between caution and associated controversy
from users, or waiting until damage has
occurred and trying to repair it. For trampling of
trails, perhaps waiting for damage is an accept-
able management strategy: impacts can be
detected easily and immediately, are generally
only of local significance, and can be rehabili-
tated if required. For many other impacts, how-
ever, detection is difficult and delayed and
ecological effects are diffuse and irreversible. If
research data are so limited even for trampling,
how much more serious is the deficiency for
other types of ecological impact? Even for the
relatively better-studied impacts, therefore,
many more data are required before the mech-
anisms can be considered well understood.

Of course, even with considerable addi-
tional research effort, the ecological impact of
ecotourism, as with any other human activity,
will never be precisely predictable. Individual
animals, for example, behave differently from

others of the same species. Indeed, they may
react differently to two successive and similar
disturbances, even if their usual behaviour is
broadly predictable. Both wildlife ecologists
and wildlife tour guides learn to identify indi-
vidual animals and distinguish their likely reac-
tions under different circumstances.

Overall, however, it is a clear conclusion
from this volume that a great deal of recreation
ecology research is required in all continents,
for a wide range of ecosystems, species and
ecotourism activities.

Data are Crude

From an ecological perspective, most past
studies of ecotourism impacts are rather crude.
Relatively few researchers have used physio-
logical indicators; calculated consequences at
population scale; or examined impacts which
are indirect, second-order, diffuse, evanescent,
invisible to the naked eye, or delayed in onset.
However, such effects may be very significant
ecologically.

Day visitors to heavily used sites in
national parks, for example, could inadvertently
increase the food available to common preda-
tory bird species; and these more aggressive
birds might also attack the eggs and nestlings of
smaller bird species, some of them rare. The sig-
nificance of such effects for populations and
survival of these smaller species remains largely
untested (Buckley, Chapter 11 this volume).
Tracks created by backcountry hikers would
perhaps increase the success of predators,
native or introduced, in stalking small native
mammals and ground-foraging birds, even
where the tracks are faint and little-travelled.
Oversnow vehicles can crush the undersnow
burrows of small mountain mammals; and hel-
icopter overflights can drown out territorial,
courtship and alarm calls by native birds.

In the Australian Alps, it has been sug-
gested that habitat modification on ski slopes
and hiking trails within Mt Kosciusko National
Park has hastened the spread of particular intro-
duced plant species, whose more showy flow-
ers attract native insect pollinators away from
endemic native species in the same plant family
(Kelly et al., 2003). Since the continued survival
of the native species depends on their ability to
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produce more seed than are attacked by seed-
parasitic insects, even a small reduction in pol-
lination success could tip the balance towards
extinction of the species concerned. To assess
the ecological significance of this mechanism
would require detailed long-term analyses by a
plant reproductive ecologist, and this has not
yet been done.

Indirect impacts such as these are difficult
to identify without extensive field observations
and almost impossible to quantify without
carefully designed ecological studies. Such
studies require ecological expertise, funding,
equipment and time scales (Buckley, 2002). All
of these are rare in tourism research. In compil-
ing the reviews and case studies presented
here, therefore, we hope to provide not just a
ready reference and synthesis of existing infor-
mation for use in management, but also a plat-
form for future ecological research on diffuse,
indirect but ecologically significant impacts
such as those outlined above.
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