
Recreational Impact 
on 

Wild lands 
Conference Proceedings 

National Park Service 
Pacific N.W. Region 

Forest Service U.S.D.A. 
Pacific N.W. Region 



Ittner, Ruth, Dale R. Potter, James K. Agee, and 
Susie Anschell. 

1979. Recreational Impact on Wildlands. 
Conf. Proc. Oct. 27-29, 1978. Seattle, WA. 
Forest Service USDA, National Park Service, USDI. 
R-6-001-1979. 333 p., illus. 

Contains 57 papers concerned with perceptions of 
impact, research findings, experiences in pre
venting and remedying impacts, and approaches to 
future management, research, and role of the wild-
land user. Emphasis is on physical and biological 
changes resulting from recreation on wildland. 

KEY WORDS: Recreational use, research, dispersed 
recreation. 

Drawings at the end of selected papers 
by Ramona Hammerly 

from 
Northwest Trees 

The Mountaineers • Books 
Seattle, Washington 

Reprinted by permission 

Recreational Impact on Wildlands, Seattle, 1979. 
Recreational impact on wildlands, October 

27-29, 1978, Seattle, Washington : conference 
proceedings / edited by Ruth Ittner ... [et al.] 

U. S. Forest Service, Pacific Northwest Region 
R-6-001-1979. 

1. Wilderness areas - Recreational use -
Congresses. I. Ittner, Ruth. 

QH76 574.526'4 



Conference Proceedings 

Recreational Impact on Wild lands 

October 27-29, 1978 
Seattle, Washington 

Edited by: 

Ruth Ittner Institute of Governmental Research 
University of Washington 

Dale R. Potter U.S. Forest Service, Mt. Baker -
Snoqualmie and Wenatchee National 
Forests 

James K. Agee National Park Service and University of 
Washington 

Susie Anschell Institute of Governmental Research 
University of Washington 

Co-sponsored by: 

U.S. Forest Service: 
Pacific Northwest Region 
Pacific Northwest Forest & Range Experiment Station 
Intermountain Forest & Range Experiment Station 

National Park Service, Pacific Northwest Region 

The Mountaineer Foundation 

Recreational Equipment, Inc. 

Coordinated by: 

University of Washington: 
Institute of Governmental Research 
Institute for Environmental Studies 
College of Forest Resources 

U.S. Forest Service No. R - 6 - 001-1979 



FOREWORD 

This conference and its proceedings were conceived from the 
thought that solutions to wi1dland impact problems could be defined and 
identified by bringing together land managers, recreation users and 
natural resource researchers. 

This was an ambitious goal. The reader will not find in these 
proceedings any magic panaceas or even a definitive answer as to what 
constitutes an impact or what level of impact is unacceptable. Con
ference participators did learn that there are no simple, single 
answers to these questions, that the only single answer is one that 
says, "It depends. . . ." Impacts and their acceptance depend upon 
physical, biological and social factors. And what is acceptable de
pends to a considerable extent on the management objectives for an area. 

The spirit and intent of the conference were well expressed by a 4-
wheel drive enthusiast when he confessed that "this is the first time 
that I have been with other recreationists and managers that I haven't 
been made to feel the total blame, the bad guy for wildland problems." 
Recreationists representing diverse activities, resource managers from 
several different public agencies and researchers working in public 
agencies, universities and private consulting firms recognized that the 
first step in identifying, isolating and solving resource damage 
problems was for everyone to accept responsiblity for a share of the 
problem. 

The specific conference objectives were no less ambitious than the 
goal. These proceedings are dedicated to: 

• Understanding different perceptions of impact and their meaning to 
management. 

• Integrating research findings into management practices regarding 
soil, wildlife, vegetation and changes caused by recreation 
activities. 

• Examining first-hand experiences in efforts to prevent and remedy 
recreational impacts. 

• Suggesting direction for management, research and the user. 

The scope of discussion was limited for practical reasons. For 
example, winter and water-based recreation as well as developed camp
site recreation were not featured. Emphasis was placed on the physical 
and biological changes resulting from wildlands recreation. Access 
methods included foot, horse, trailbike and 4-wheel drive. "Wildlands" 
included wilderness, backcountry, roadless and roaded areas used for 
dispersed recreation. 

These proceedings reflect the conference objective to approach the 
issue of recreational impacts on wildlands from a variety of per
spectives. The reader will find an introductory philosophical paper 
followed by the pragmatic experiences of two land managers and a repre
sentative of the land-using public. Researchers present technical 
papers featuring perceptions of recreational impacts and specific 
findings from studies on soil, vegetation, water/noise and wildlife. 
No less important are the experiences reported by user and user groups 
as well as techniques used by field managers for preventing and 



correcting recreation impact on wildlands. The role of education and 
facility design is explored. These papers focus either on prevention or 
rehabilitation for dealing with recreational impacts. Finally, an idea 
exchange treated in the proceedings as papers with extended discussions 
provides many fruitful suggestions. 

It has been the object of the editing process to retain the unique
ness of each author's style while maintaining technical accuracy. We 
apologize to authors and readers for any shortcomings in reaching this 
goal. 

Many people were responsible for the successful production of the 
conference and the publication of these proceedings. The steering 
committee chaired by Dr. David R. M. Scott of the University of 
Washington worked hard for over a year. Rick Ells, University of 
Washington graduate student, developed the slide-tape program "Impacts" 
that so ably set the tone of the conference. Thanks are also due to the 
many individuals who donated their time and experience during the con
ference and preparation of proceedings. These people are listed by name 
in the following pages. 

Also deserving particular appreciation are the coordinating 
agencies and co-sponsors shown on the inside back cover. 

Ruth Ittner 

Dale Potter 

James Agee 

Susie Anschel1 
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A PHILOSOPHICAL LOOK AT RECREATIONAL IMPACT ON WILDLANDS 

Valerius Geist 
Professor and Associate Dean 

Faculty of Environmental Design 
University of Calgary 

Calgary, Alberta 

ABSTRACT--The overuse of wildlands is a special case of Hardin's 
tragedy of the commons, in that technical means can ameliorate the 
effects of this social problem. Technical solutions do not 
eliminate the causes of overuse, but can only buy time to develop an 
appropriate political soution. Technical solutions to overuse carry 
inherent dangers such as distancing users of wildlands from nature 
by encasing them in a technological cocoon, alienating the 
constituency of users via overregulation, trivializing recreation 
and depriving recreationists of the health benefits of recreation, 
and contrasting the fact that on private lands the economic and 
social elite can have frustration free recreation. Political 
solutions to overuse are to expand the available wildlands and to 
encourage alternatives to wildland recreation. Here a liaison with 
planners and policy analysts is required. 

The National Parks present another instance of the 
working out of the tragedy of the commons. At 
present, they are open to all, without limit. The 
parks themselves are limited in extent--there is 
only one Yosemite Valley--whereas population seems 
to grow without limit. The values that visitors 
seek in the parks are steadily eroded. Plainly, we 
must soon cease to treat the parks as commons or 
they will be of no value to anyone. 

Garrett Hardin 
The Tragedy of the Commons 

There has developed in the contemporary natural 
sciences a recognition that there is a subset of 
problems, such as population, atomic war, and 
environmental corruption, for which there are no 
technical solutions. There is also an increasing 
recognition among contemporary social scientists 
that there is a subset of problems, such as 
pollution, atomic war, environmental corruption, 
and the recovery of a livable urban environment, for 
which there are no current political solutions. 

Beryl L. Crowe 
The Tragedy of the Commons Revisited 



The objectives of our conference are to 
discuss technical solutions to recreational 
impact on wildlands. We have gathered to do 
something constructive about the problem of 
many diverse users each maximizing his 
utility on lands that are held in the public 
domain, that is in the "commons". As each 
user enjoys the land he leaves a trace and 
the traces of many users avalanche into a 
pattern of abuse that detracts from the land 
as wilderness, and from the experiences each 
visitor rightfully expects. As the damage 
increases, as the landscape becomes 
"hominized", as elk trails change to horse 
trails, which change to cycle trails, which 
change to jeep trails, the very nature of 
wildlands is called into question. For 
wilderness supreme is a land void of the 
traces of modernized man. As the users 
multiply, as measures are implemented to 
reduce recreational impact, so the wilder
ness disappears increment by increment and 
the tragedy of the commons is complete. 

A major point of Garrett Hardin's famous 
essay on the tragedy of the commons, was to 
draw to the attention of scientists the 
observation that problems are not amenable to 
technical solutions. He was chided by a 
social scientist, Beryl L. Crowe, not for 
his conclusion, but for reinventing the 
wheel. The tragedy of the commons is old 
hat, very old hat to social scientists. Even 
sophisticated mathematical models exist to 
simulate it. Indeed, no technological 
solutions exist for the tragedy of the 
commons, one such tragedy being--so Hardin 
pointed out--the over use of national parks 
by an increasing crowd of visitors. To 
intensify the tragedy Crowe points out that 
for the subset of problems that have no 
technical solution there are no current 
political solutions either. Crowe referred 
to the United States specifically, although 
his conclusions are likely applicable to the 
liberal democracies as a whole. 

Is it possible that recreation on 
wildlands is not a problem in the sense of 
the tragedy of the commons? Did Hardin make 
a mistake in identifying park use as a type 
problem? I do not think so. True, the 
"resource" is not consumed akin to grass 
being eaten by cattle, so that the impact of 
each user is relatively small. However, the 
problem meets all criteria of the tragedy of 
the commons: a fixed land area in the public 
domain; an open access to all users, and 
great and accelerating demand by all users, 
and an increasing evidence of that use in 
degraded landscapes. There is no escape 

from it: wildland recreation on public wild-
land is an example of the tragedy of the 
commons, since unlimited recreation and 
wildland conservation ultimately are two in
commensurable goods. 

My thesis will be that wildland recre
ation is a somewhat unusual use of the 
commons, and one which has the makings of a 
tragedy far greater than perceivable at first 
glance. Unlike a cow on the commons which 
removes a relatively fixed amount of fodder, 
the amount of resource despoiled by a recre-
ationist can indeed be reduced. No technical 
solution exists to reduce the share required 
by each cow, but technical solutions do exist 
to reduce tne impact of each recreationist. 
Herein lie some hope and some very great 
dangers, which if unperceived will destroy 
wilderness as surely as the sun will rise. 

The hope lies in the fact that the 
technical solutions buy time. They postpone, 
but do not circumvent, the necessity of 
finding social solutions to the tragedy of 
the commons. Technical solutions buy 
precious time, very precious time to search 
for, formulate, implement and test policies 
that will safeguard both wilderness, and the 
individual's right to experience wilderness. 
The responsible pursuit of technological 
solutions to a social problem implies only 
the promise of buying time, and of making 
good use of the time so freed toward a social 
solution, that is, some acceptable means of 
increasing the commons or reducing its users. 
If the time freed is not used, if it is 
squandered in the vain hope that techniques 
of reducing recreational impact will somehow 
prevent destruction of wilderness, then our 
society would have been better off without 
the technological solution in the first 
place. Here lies one dimension of the deeper 
tragedy: the technological solution may de
tract from efforts to solve the tragedy of 
the commons by social means, and thereby con
tribute not to the salvation but to the 
destruction of wilderness. We must ask our
selves whether the problem would not be 
solved quicker if we scientists did not offer 
our services, if we did no research at all 
and would thus force a political decision. 
There is no doubt that today wilderness has a 
very large and politically powerful con
stituency. That constitutency would prob
ably force political decisions favorable to 
wilderness even in our absence. There is a 
real danger that we scientists oversell the 
technical solutions, and that we detract from 
the efforts, time and monies required to find 
and implement social solutions. 

2 



(though not on private land) are open to 
negotiation and the claim for wildland pres
ervation must be maintained very strong at 
all times. Otherwise the land will change 
uses from wildlife to cattle production, from 
timber for scenic and watershed values to 
pulp and lumber, and from wild rivers to 
hydroelectric power, while the freedom of the 
hills will be curtailed by "No Trespassing" 
signs. We must ask ourselves whether the 
technical solutions we seek will not only buy 
time for a search for social solutions, but 
also create time to permit people to 
habituate to hominized wildlands, to become 
insensitive to eroded wildland values, or 
maybe become disenchanted with overregulated 
wildland use. If so then buying time courts 
the danger of losing one's constituency. 

The second consequence of work's having 
a higher value than recreation in the con
ventional wisdom of today, is that we remain 
less than well informed about the value of 
recreation. What does recreation do to us? 

What is it good for? The answer that we must 
have it because people want it is not good 
enough, not for professional decisionmaking. 
For reasons I elaborated elsewhere (Geist 
1978), user's choice is a very dangerous 
criterion for action by professionals. We 
must know the tangible benefits of recreation 
to individuals; knowing that it increases 
work output on the job is nice, but not 
relevant. My research on the question of how 
to maximize health via lifestyle (Geist 1978) 
suggests the following answer: recreation in 
natural settings appears to be vital to in
creasing the individual's physical, 
intellectual and social competence, which in 
turn maximizes health, develops a sense of 
mastery and increases life span. From a 
physiological and morphological perspective, 
recreation, by forcing diversity of 
activities and exertion on the individual, 
reflects itself in increased body size, 
enlarged brain, superior capacity to heal 
wounds, heavier bones, slower heart rate and 
leaner body mass. It reflects itself in more 
liters of tidal volume, greater speed of 
impulses along nerve fibers, reduction of 
rate of body deterioration past middle age, 
greater endurance and physical strength. 

At first glance this may all seem un
important. But at second glance it is not. 
Great diversity in mastering physical, 
intellectual and social skills appears to 
lead during ontogeny to a distinct phenotypic 
body form. It is a body form characterized 
by relatively luxurious development and 

3 

This, however, is not all of the tragedy 
vested upon wildlands: it runs deeper still. 
To understand it we must understand the 
utility of recreation. What is recreation 
good for? Traditionally our society has en
couraged the notion that work is vital, while 
recreation is tolerable, albeit frivolous. 
This emphasis of values is derived from our 
dominant economic pursuit, based on a more or 
less free market. Work, that is, activity 
that generates a monetary return, that con
tributes to the Gross National Product, is a 
dominant, if not the dominant value. What 
contributes to work output by the individual-
-education, health, recreation, personal 
freedom of choice, specialization of skills, 
freedom from family responsibilities—are 
all secondary values, but important in that 
context. Non-monetary economic activities 
such as gardening, hunting, fishing, 
building one's own house or an extension 
thereto, receive relatively little acclaim. 
Work is required to keep the means of pro
duction as fully occupied as possible to 
produce the greatest amounts of good and 
salable services. Moreover, economics 
dictates that work produced now is of more 
value than work produced later. This is one 
reason why work is so readily traded off 
against health. If it were not so, would we 
in the Western World tolerate the severe loss 
of health and years of life suffered by 
unskilled, and especially night-shift, 
workers) For instance, a recent study pre
pared for the Labour Ministry of the State 
Northrhein-Westphalia, Germany, and reported 
on in Per Spiegel showed that industrial 
workers on night-shift not only suffer from 
irritants such as disrupted sleep and con
comitant family quarrels, or have much higher 
rates of debilitating illnesses than day time 
workers, but also suffer a reduction in life 
expectancy of some 14 years. They die on 
average at 63 years of age compared to 77 for 
the occupations with the longest life ex
pectancies, independent entrepreneurs, sen
ior civil servants and the clergy. 

There are two consequences of work's 
having a higher value than recreation. 
First, wildlands which today are held from 
economic development because they receive 
heavy use from recreating people, are not 
secure. Should these wildlands lose their 
amenity value, then they will lose the 
political support that keeps them today as 
wildlands. The resources these wildlands 
contain are coveted by entrepreneurs which 
will move in to stake their claim upon the 
mere sign of erosion of support for wildland 
recreation. All resources of the commons 



great health. It; is the body form both of 
our upper Paleolithic ancestors--and of the 
upper social classes in our society. It is 
the phenotypic body form associated with the 
"life of kings", with affluence, power, 
privilege and longevity. What are the 
ingredients of a life style that maximizes 
individual development? They are besides 
material security and access to nature, 
freedom,, power, high ideals, adventure, 
travel, tutoring, sports, family support, 
and intense learning of many skills, social 
and economic functions, and knowledge. It is 
a life style which in individuals develops 
the diversity of competencies we humans are 
capable of. It is not an "easy" life style; 
on the contrary, it is a very demanding one 
(see Geist 1978). From the above 
perspective, recreation is not a frivolous 
activity but the very essence of a life style 
that makes for sound bodies and minds. 

Let me dwell on this point a little 
longer. There is a very real need to develop 
a life style conducive to health since not 
only have medical expenditures risen to vie 
for second or third place in the Gross 
National Product (Kristein et al. 1977, 
Lalonde 1972), but above all our society 
carries a heavy burden of individuals which, 
as Ford (1970) has put it, are "casualties of 
our times". It is difficult to estimate the 
number of these victims but a conservative 
estimate would place the proportion at no 
less than 20 percent (see Geist 1978, Chapter 
15). No wonder that governments grope to 
change by regulation and public education how 
we live (Lalond 1972), health fads abound and 
preventive medical fields proliferate (we 
have today besides the older disciplines of 
preventive medicine and epidemiology, pre
scriptive medicine, predictive medicine, 
constitutional medicine, orthomolecular 
medicine, environmental health and public 
health). Moreover, no accepted scientific 
theory of health is yet available. I have 
made an attempt of such a theory which shows 
that health is related to phenotype develop
ment, which in turn is a function of resource 
abundance and diversity of activities per
formed by individuals. Health appears to be 
more prevalent in the upper classes than 
lower classes, and the phenotype of people 
from upper classes is that expected from the 
theory of health I developed (Geist 1978). 
This latter relationship is ancient; even in 
the bronze age we find a correlation between 
the amount of grave goods and body stature 
(Huber 1968). It cannot be emphasized 
enough: humans are incredibly sensitive to 
environmental factors during ontogeny. 

School children may fail to grow physically 
in some schools, except during holidays (see 
Tanner 1962 p. 137); parental dislike may 
stunt the growth of a child (see Timiras 1972 
p. 315, Parke and Collmer 1975); birth order 
and family size affect body size and 
intellect (Tanner 1962 p. 138, Belmont and 
Moralla 1973, Zajonk 1976); brain size, head 
shape, body size and proportion are greatly 
affected by motor and intellectual exercises 
(see Greenough 1975, Geist 1978). Differ
ences in physical types between populations 
and classes appear to reflect differences in 
life style (Deutsch 1973). 

The above excursion into health and life 
style was not done for the sake of advocacy. 
Rather it was to give notice of some new and 
as yet insecure developments that suggest 
recreation is a major and integral part of a 
life style that maximizes health. This is a 
life style that comes close to that of people 
with power and affluence and recreation far 
from being frivolous may well be the essence 
of what generates health, competence and a 
long life. The above excursion should in
dicate that we must become much, much better 
informed on what the value of recreation is 
to the individual. Here we need penetrating 
new research. If recreation in the out-of-
doors is that great, life-giving good that I 
suggest it may be, then we have a just claim 
to maintain and expand the land for recre
ation as well as non-monetary economic activ
ities. 

One can even make a case that wildland 
held in the public domain is an attempt by 
America's middle class to partake of the 
"good" life. The affluent can have it by 
buying their own "wildlands" in which they 
can practice relatively unregulated, frus
tration-free recreation, on their ranches, 
islands or exclusive clubs. From that per
spective national parks and forests are the 
counterpart of the hunting preserves of kings 
and nobility of diverse nations and cultures. 
National parks are then a part of the tra
ditional American drive to distribute 
privilege so that many have the opportunity 
to lead the "good life". The environmental 
movement can be viewed as an attempt by the 
middle class to preserve for themselves what 
the upper class can readily acquire 
privately, namely to live and recreate on 
unpolluted, unspoiled, beautiful land. 

If the technical solution to the tragedy 
of the commons only buys time to search for 
and implement a social solution, what then is 
the nature of the social solutions? There 
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are three basic solutions: to increase the 
commons, to restrict the uses but not the 
access of users to the commons, and to 
regulate the number of users. All other 
solutions are combinations of the above. 
None of these solutions is appealing. The 
first extinguishes the rights of some 
citizens to economic activities on privately 
held land, before the land is transferred for 
recreational purposes into the public 
domain. The third raises the whole 
difficulty of deciding who shall enjoy 
wildland recreation as a privilege. The 
second has all the ingredients of deepening 
the tragedy of the commons. This is the 
route of regulating use and enforcing regu
lations, as well as of reducing the value of 
recreation; the route of estrangement of 
users from wildlands and of placing the 
rights of the "have's" on private land in 
contrast to those of the "have not's" on 
public lands. 

Please note: technological means to 
reduce user impact on wildlands increasingly 
put the individual into a technological 
cocoon that isolates him from the very wild-
lands he visits whether he like it or not. 
He who uses a propane camp stove instead of a 
campfire, loses the knowledge and skills 
needed to find the proper kindling and wood, 
know how to coax a fire when the elements 
conspire against it nor will develop a 
pioneer's eye for selecting his nightly camp 
spot. He who is confined to trails laid out 
by others fails to develop a keen eye for 
landscapes or a sound appreciation of his 
bodily skills. In short, the camp stove, the 
tent, the foamy, the sleeping bag, the de
hydrated food - great conveniences - all con
spire to lessen the interaction between the 
human being and nature. They rob a person of 
knowledge, skills and insights. The visitor 
of wildlands is less and less interacting 
with nature, but becomes a platonic visitor 
that drifts past. Does that not defeat and 
trivialize the very essence of recreation 
which is adventure and a test of oneself, be 
nature perceived as an adversary or roman
tically as a nurturing, supporting mother? 
Add to all this the regulations, "thou shalt 
not . . .", and the interpretive services 
that tell you where to look and what to 
appreciate. Is this the life of kings? Is 
this how the upper classes live on their 
ranches, estates, islands and exclusive 
clubs? Is this the way to a sense of 
mastery, power, health and longevity? 

The only two social solutions that do 
not trivialize recreation are to increase the 

land held in the commons, or to somehow 
reduce the number of persons seeking recre
ation on public lands. The former solution 
requires a justification for recreational 
activities superior to the justifications by 
those that presently use the land. A long-
term policy of opportunistic purchase of land 
is likely to be a relatively painless way to 
increase the commons. The next solution, re
ducing the number of visitors to the public 
wildlands, need not be draconian. Such 
solutions would be a lottery system to limit 
access, or long-term applications for a 
visit, or a limit for example on the visits 
per life-time. There is a better way. This 
is to search for and implement policies that 
somehow deflect visitors from wildlands by 
offering a most acceptable alternative. For 
instance, we can work towards a policy of: 

1. Increasing scenic rivers and river 
trails that lead through developed land. 
At the cost of some land acquisition, 
landscaping and promotion a challenging 
and satisfying recreational experience 
can be had. 

2. Taking agricultural lands from in
tensive use towards fish and game pro
duction. The means to achieve it may be 
diverse and dependent on local politics. 
The aim here is to provide particularly 
close to urban centres opportunities for 
recreational fishing and hunting. 

3. Increasing the opportunities for 
second homes or weekend cottages that give 
individuals a stake in a piece of land 
that must be managed. 

4. Making allotment gardens available 
very close to within urban centers, while 
encouraging gardening. Good gardening is 
a task requiring knowledge and skill, and 
first-rate recreation. 

5. Increasing guest ranches and moder
ately priced resorts to replace presently 
favored alternatives such as trailers and 
campers. 

6. Increasing fish stocking and fish pro
duction by giving it high priority in 
regional plans. 

7. Shifting from capital-intensive agro
business to labor-intensive small-scale 
farming with emphasis on natural rather 
than industrial control of weeds and 
pests. The outcome here is an increase in 
cover and field borders that houses wild-
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life, a reduction in field size and 
greater heterogeneity of the land 
surface. That in itself would humanize 
much of our hominized landscape. 

8. Zoning land use so as to segregate 
recreationists in order to cluster the 
more compatible activities; cross country 
driving by all-terrain vehicles and 
hiking do not mix too well. 

9. Helping to make cities, where the bulk 
of our population must live, into more 
livable, attractive places by whatever 
means, including the availability of 
natural recreation areas in close 
proximity. 

10. Pursuing a policy of maximizing in
dividual development as a policy taking 
priority over the one we follow today, 
namely maximizing economic activity, or 
"economic health". An integral part of 
that policy would be one of reducing pop
ulation size. 

As scientists or managers with 
scientific training we are not equipped to 
handle policy issues. We depend here on those 
who are specialists in such areas as land and 
urban planning, economics and political 
science. While we as scientists pursue 
technical solutions to visitor impact on 
wildlands, we also must put some effort into 
finding out how policies can affect our goal 
of wilderness preservation and promoting 
wholesome recreation. We could, for a start, 
devote a session of a conference similar to 
this to policy issues and to opening a 
dialogue with professions of very different 
perceptions from our own. To use the time 
gained by the technical solutions to sophis
ticate technical solutions would be a misuse 
of that time. Technical solutions do not 
ultimately solve the tragedy of the commons, 
and we must not be guilty of pretending that 
they do. What would happen should we refuse 
to develop knowledge of how to "harden" 
trails and campsites, help restore wilder
ness by rehabilitating land, refuse to edu
cate the public about low-impact camping 
technology? What would happen if we did not 
offer technical solutions to the tragedy of 
the commons" It would bring the problem of 
incompatible uses on wildlands very quickly 
to a head and force some political decisions. 
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WILDLAND RECREATION IMPACT 
FROM THE NATIONAL PARK SERVICE LAND MANAGER'S PERSPECTIVE 

Daniel J. Tobin 
Associate Director 
National Park Service 

Washington, D.C. 

ABSTRACT--What we often define as "impact" is a narrow concept of 
what is usually a larger, more complex problem. We must understand 
these larger problems to solve most of the narrowly defined ones. 
The National Park Service has a mandate to (1) manage parks for 
resource preservation and (2) for visitor use and enjoyment. This 
dual mandate creates continuing problems for managers: how much 
use can a resource absorb before permanent damage exists? Under
standing where this balance exists starts with accurate cost-
effective ways to measure impact. Public involvement is an 
essential part of the whole process. The park manager must seek out 
as wide an audience as possible, and include other agencies and 
levels of government. Recent legislation, such as the Wilderness 
Act and National Environmental Policy Act, have helped refine our 
procedures for dealing with and perceptions of impact. 
Enlightened, flexible management can provide answers to questions 
about wildland impacts. 

I'm really pleased to have this 
opportunity to return to my old stomping 
grounds and meet so many of my old friends in 
the parks, recreation and conservation 
fields. 

From the outset, I would like to say how 
important it is that meetings such as this 
one are held to consider how best to cope 
with the many serious problems that confront 
all who seek to protect our great natural 
heritage yet help Americans to appreciate and 
enjoy that same heritage. 

It is traditional to begin a discussion 
of this sort by defining the terms involved. 
I intend to follow that tradition because it 
seems to me that too often we have a very 
narrow definition of the word "impact." 

Now if you happen to be in the ring with 
Muhammad Ali, a yery narrow definition of the 
work "impact" comes readily to mind and can 
be understood by everybody concerned. 

Fortunately, most of us haven't had that 
kind of experience, however, we still tend to 
think in very specific and narrow terms when 
considering impact. We tend to look at, and 

attempt to deal with, a single cause of 
impact such as hikers or automobiles rather 
than considering the total impact of man. 

And with a narrow definition of impact, 
we often devise an equally narrow solution 
that is really not a solution at all but 
merely a relocation of the problem. 

If we close a trail because of overuse, 
we stand a good chance of creating overuse on 
another trail. It should be obvious that we 
cannot escape our responsibility by trying to 
divert the impact to someone else. There is 
only so much recreational space available to 
us--no matter who is responsible for its 
management. 

As a beginning, our analysis should be 
of the function that creates the impact as 
well as the impact itself. That analysis 
would then automatically spread to all places 
where that function takes place. Impact is 
important, too, as a way of defining manage
ment responsibilities. In the case of the 
National Park Service, our mandate requires 
that we manage the parks for the use and 
enjoyment of the people. That same mandate 
requires that we also manage the parks so 
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that they are preserved for posterity. 

Obviously, too much impact on the parks 
will mean that the heritage of parks would be 
passed on in damaged or debased condition. 
That is something we cannot tolerate. So we 
are faced with one of the perpetual questions 
that plague park managers. Just how much 
impact of any kind can a park tolerate and 
still be kept in shape for future users? As 
in most decisions, it is not a question of 
either/or but of how much. 

And just as we must understand impact in 
the broadest possible sense, we must be 
capable of measuring impact in efficient and 
understandable ways. Our measuring must be 
efficient in several ways. Obviously, it 
must provide an accurate indication of what 
is going on, and it must be cost effective. 
There are many examples of problems where 
more time and money was spent in trying to 
identify and define the problem than was 
spent in correcting it. Sometimes this is 
unavoidable, but we should be cautious about 
large investments in super-sophisticated 
measuring techniques. We should be reason
ably certain that the end product will be 
worth the cost. 

A computer, properly used, will provide 
measurements ranging from the super-sophis
ticated to something impossible to dis
tinguish from good common sense. Our job, 
and one that a professional should be able to 
handle, is to determine which problems can be 
defined and measured with common sense and 
which require the application of modern 
technology. We should not be afraid to try 
either the clip board or the computer. 

When we do get measurements, they must 
be understandable. The information that has 
meaning to a scientist should be capable of 
being translated into words that mean 
essentially the same thing to the rest of us. 

It is almost axiomatic in today's world 
that the public gets involved in the govern
ment decisionmaking process, and the 
public's decisions will be only as good as 
the public's understanding of the problem. 
Among those who must understand the measure
ments are the managers. They must be able to 
understand and correctly interpret measure
ments and analysis if they are to respond 
with the decision that will meet the problem. 

A key question in this entire analysis 
is who gets involved in measuring and 
reacting to impacts on natural recreational 

resources. In philosophical terms, every
body is involved. One of the patron saints 
of the National Park System, John Muir, once 
said that "when we try to pick out anything 
by itself, we find it hitched to everything 
in the Universe." 

A public trust cannot be selective. We 
must manage for those who actively use the 
parks and forests and we must manage for 
those who are content to know that parks and 
forests are there and are being protected. 
And, finally, we must manage for those who at 
this point in time don't really care whether 
the parks and forests are there or not. They 
may not care right now, but later on they may 
become interested or perhaps their children 
will be interested and active outdoors 
people. 

However, in direct and everyday manage
ment terms, we tend to relate to those who 
appear on our doorstep. Some are easy to 
identify as members of special-interest 
groups. These people are the easiest to work 
with because their interest is obvious and 
their concern reflected in the fact that they 
are there on your doorstep. 

Many of these people have the interest 
and enthusiasm to be active participants in 
impact measuring and concerned critics of 
your application of remedies. They also have 
a willingness to set standards for your per
formance that appear always to be slightly 
beyond reach. Nonetheless, these dedicated 
people are a major force in problem solving 
in park and recreation areas. 

Most of the people who come to parks are 
less well organized. They come because they 
enjoy the park but don't have the degree of 
commitment that leads them into special-
interest organizations. 

The problem in dealing with them is that 
their concerns and attitudes are very hard to 
measure. I believe, however, that an honest 
effort must be made to involve as wide a seg
ment of the population as is possible when 
seeking public input on issues as difficult 
as those involving impact. 

I mentioned earlier the need for public 
involvement in the decisionmaking process. 
In some cases, the push for public 
participation is a reaction to life in the 
post-Watergate era. Managers use it because 
they can't afford not to. But I would 
strongly suggest that the bottom line in this 
area is that honest and full-scale public 
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participation in the decisionmaking process 
produces better decisions. 

And just as we should be sensitive to 
the need for public involvement, so we should 
be concerned that all other agencies and in
stitutions that have concerns over impact be 
a part of the process of analyzing and 
adjusting to those impacts. 

For many years the various components of 
the park and recreation field tended to go 
their own way. Their interests seemed to 
stop at the boundary of their jurisdiction. 

Well, we are all in John Muir's 
"universe" and lack of concrete jurisdiction 
cannot be an excuse for ignoring 
responsibility. It has become clear that 
impacts in other areas are really impacts on 
us too, and it should be equally clear that 
only with a completely cooperative and 
universal effort will we solve the problems 
of impact -- or of anything else for that 
matter. 

In many, many areas there are just not 
going to be enough of our basic commodities 
to go around. To determine the wisest and 
best use of our resources will require open, 
honest cooperation among all concerned. Once 
we have determined who is involved we have to 
address the question, "Who is responsible?" 
Well, in most cases the answer is the same — 
everybody. 

Those who are "responsible" for the 
management of a specific park, forest or 
other outdoor recreational resource are 
indeed responsible for the management of that 
area. But they also have a responsibility to 
cooperate effectively with other area 
managers. And they have a responsibility to 
involve the public in impact decisions in 
their areas. 

In our system of government, a major 
responsibility for decisionmaking rests, 
ultimately, with the public. And, unfor
tunately, the trends seems to be government 
by as minority as fewer and fewer people go 
to the polls at each election. It is hard to 
assess the number of people--as a percentage 
of park users--who become actively involved 
in park decisions but it certainly is not 
large. If we believe in our system, I think 
it behoves all of us to encourage the maximum 
citizen participation in our affairs at every 
level of activity. 

Until recently our perceptions of 

impact were very subjective. We all tend to 
look at impact and the resulting problems in 
terms of our own direct responsibilities and 
our individual or organizational values. We 
rated impacts as good, bad or indifferent 
depending upon those individual values. But 
some changes have been made. For one, our 
horizons have been expanded along with our 
consciousness so that we tend to have a 
broader perspective. Some of this process 
has been brought about by new legislation and 
accompanying implementing regulations. 
Certainly the two most important pieces of 
legislation in this regard are the Wilderness 
Act and the National Environmental Policy Act 
(NEPA). 

The first defined in a very significant 
area just what were acceptable and un
acceptable impacts. The Wilderness Act also 
helped to raise the national consciousness of 
the concept of and benefits derived from the 
wilderness. Sometimes, however, it also 
raised the level of public controversy. 

It all comes down to the fact that there 
is no substitute for enlightened, flexible 
management. We must develop in all of us a 
willingness to look beyond the superficial 
and the obvious, to consider what has been 
overlooked and to ask questions that don't 
have ready answers. 

Only then will we have an impact on the 
problem of impact on the wildlands. 
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WILDLAND RECREATIONAL IMPACT FROM THE U.S. FOREST SERVICE LAND MANAGER'S PERSPECTIVE 

Richard F. Buscher 
Deputy Forest Supervisor 
Wenatchee National Forest 

USDA Forest Service 
Wenatchee, Washington 

ABSTRACT--The Forest Service manager's perspective of recreation 
impacts on wildland is influenced by his possessory interest in the 
land he manages, his resource management training and experiences, 
the historic role of protection responsibilities, and the mandate 
to provide a wide spectrum of recreation opportunities. 

The management of National Forest recreation use and the attendant 
impacts is complicated by the multiplicity of recreation uses that 
occur, the variety of consumptive recreation uses permitted, the 
dispersed recreation mission for the National Forests, and the 
interrelationships with the other forest resource values and 
products. 

Several positive influences that are reducing the impacts of 
recreation use will offset the experienced increases in kinds and 
amount of recreation use. 

The appropriate response of Forest Service managers to the 
challenge of recreation impacts is the establishment of an environ
mental ethic in users and managers through cooperative research and 
education rather than increased regulation of the user. 

I find this opportunity to address you a 
personal pleasure and professional satis
faction for one simple reason - I believe in 
the vital need to achieve the objectives of 
this conference which will be an important 
step in minimizing impacts of recreation use 
on wildlands. 

If you are to understand the Forest 
Service manager's perspective of recreation 
impacts, I believe it is necessary that you 
have some knowledge of the influences that 
form it - in short, "where we're coming 
from." 

Most of you know that we take pride in 
the fact that the Forest Service is a decen
tralized organization with the District 
Ranger being the key in accomplishing the 
"doing" job of land management. The place
ment of considerable authority and respon
sibility on the line officer closest to the 
land has had the effect of establishing a 
strong possessory interest for "their dis

tricts." Add to this our organizational 
heritage of a strong mandate to protect the 
forests from natural and man-caused damage 
and you will understand why Forest Service 
managers seem to perceive recreation impacts 
somewhat personally or subjectively. 

But there are other significant in
fluences on our perceptions of what is an 
impact. Most of us have a direct experience 
in timber management in our career back
ground. Perhaps that explains why some 30 
Forest Service recreation specialists I once 
accompanied could walk across a meadow dis
turbed by a logging tractor without critical 
comment, to look at the "impact" of a narrow 
motorbike trail and find it unacceptable 
damage. They recognized the track of the 
tractor as transitory impact but interpreted 
the bike trail as permanent damage. We are, 
like yourselves, biased by out training, ex
periences, and personal preferences. 

One last important influence is that 

11 



Congress has mandated that National Forests 
be managed to produce multiple uses and bene
fits. As a result, the Forest Service 
manager has a strong sense of responsibility 
to accommodate the full spectrum of 
recreation uses. 

With this understanding of the in
fluences affecting the Forest Service 
manager's perception of recreation impacts 
in mind, let us turn to the present situation 
in National Forest recreation and the 
resultant impacts on the land. 

Since the National Forests are managed 
to produce the widest possible recreation 
opportunity for the public that owns them, 
the potential for impact is high. In addi
tion to the great variety of recreation uses 
we permit and encourage, the National Forests 
have a primary mission among federal land 
management agencies to provide for dispersed 
recreation. By definition, this includes 
types of recreation that allow the user a 
high degree of freedom of choice. This often 
results in the development of user-built con
veniences that are perceived by managers as 
impacts. 

We also provide opportunities for con
sumptive recreation. Hunting and fishing 
quickly come to mind as examples; however, 
there are many more such as rockhounding, 
Christmas tree cutting, mushrooming, tree 
and shrub transplanting, and fire-wood 
cutting. All of these legitimate recreation 
activities have an obvious potential for im
pacts when we fail to communicate the con
ditions of proper use, or they are abused. 

The other resources protected, managed 
and produced on the National Forests in
cluding timber, livestock forage, wildlife, 
and water are often impacted by recreation 
use. We believe the key to management of the 
several resources is to seek harmony of use 
within a given land area and not to establish 
exclusive use areas. While I believe this 
philosophy is easily defended, it increases 
the complexity of the management job. This 
interrelationship between recreation impacts 
and the other forest resources will be dis
cussed in depth during the the next two days 
of this conference. 

Before we become trapped in the negative 
tone of the word impact, let's all agree that 
any use of a natural resource has attendant 
impacts. The key to responsible land and 
resource management is to establish the 
acceptable impact levels. The scope of this 

conference has placed emphasis on the 
physical and biological changes resulting 
from recreation use on wildlands and we will 
concentrate on these. There are, of course, 
esthetic, social, or psychological impacts 
that are perhaps even more difficult to 
define and manage. 

To find the acceptable level of recre
ation impacts of the physical or biological 
resources, early recreation planners and 
managers adopted a well developed range 
management concept - carrying capacity. This 
is defined as the number of cattle that can 
graze a given area for a planned period of 
time without causing deterioration. While 
there is some value in using this approach in 
recreation management, we have learned that 
the behavior of recreating people is not as 
simplistic or predictable as that of grazing 
cattle. We need far more sophisticated 
approaches to defining and measuring impacts 
or more specifically - environmental damage. 
The technical sessions of this conference 
will report on the progress being made to 
satisfy this need. 

My perception of the present trend in 
National Forest recreation use is that ever-
increasing numbers of people are spending 
more time in a widening variety of recreation 
activities while the agency's recreation 
budget is declining. However, I do not 
believe this necessarily signals an 
inevitable increase in recreation impacts. 
There are several positive indicators that 
support this belief: 

The behavior of many types of recre-
ationists on National forest land has 
improved through education efforts. 

Volunteerism by recreation groups is 
working to correct past and prevent future 
damage. 

There is an increasing national awareness 
of environmental values and concern for 
our finite wildland resources.Recreation 
and conservation organizations have 
accepted the responsibility to educate 
their members and the public on the 
principles and methods of minimum impact 
recreation use. 

I will end with this comment on Forest 
Service management's response to recreation 
impacts now and in the future. We have a 
choice before us between an increase in 
regulatory control of recreation use or an 
increase in a cooperative education program 
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between managers and users. I will let the 
following words I wrote several years ago for 
the introduction of the Alpine Lakes Study 
brochure indicate my preference: 

"Whether or not legislative action is 
taken, the enduring protection, util
ization, and enjoyment of these resources 
will be accomplished only through the 
sensitivity and the cooperation of the 
public and private owners and the land 
managers serving them. 

When an environmental ethic is developed 
in all of us that respects the basic land 
values while enjoying the benefits, the 
wildland will be fully protected." 

This conference of managers, re
searchers, and users is a major step toward 
developing that environmental ethic that 
will permit minimum impact recreation to be 
achieved with a minimum of government 
regulation. 
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RECREATIONAL IMPACT ON WILDLANDS—THE USER'S PERSPECTIVE 

Thomas S. Deans 
Executive Director 

Appalachian Mountain Club 
Boston, Massachusetts 

ABSTRACT--The Appalachian Mountain Club is the oldest and one of 
the largest outdoor recreation organizations in the United States. 
The author shares his personal observations of recreational impacts 
on wildlands. He investigates the reactions of the manager to 
recreational impacts and the meaning of those actions to the user. 
The effects of the tremendous recent increase in outdoor use on 
users, managers and recreation systems are reviewed. 

The prime point stressed is that the best solutions to problems of 
recreational impact lie with the users themselves. It is the 
author's conviction that a majority of impacts can and should be 
corrected by the users with active encouragement from wildland 
managers. 

Recreational impact has recently begun 
to receive a much higher degree of attention 
from managers, researchers, and users. I 
would like to share with you some of my ex
periences and observations on this issue with 
the hope of generating some thoughts for 
further discussion during the conference. 

First of all, let me give you a brief 
description of the organization that I 
represent. The Appalachian Mountain Club 
(AMC) is a volunteer, nonprofit organization 
of over 23,000 members. With headquarters in 
Boston, its membership is centered in the 
northeastern United States but stretches 
worldwide. The AMC is the oldest, and one of 
the largest outdoor recreation organizations 
in America. Through its 102 years of 
existence, the AMC has been committed to con
serving, developing and managing dispersed 
outdoor recreational opportunities for the 
public in the northeast. 

Ten regional chapters, from Maine to 
Pennsylvania, 55 committees, hundreds of 
volunteers, and a professional staff all join 
in administering the Club's wide-ranging 
outdoor programs. These programs include an 
intensive schedule of outing activities, 
trail and shelter construction and main
tenance, conservation, outdoor education, 
research and backcountry management. In 
addition, the Club organizes leadership 
workshops, mountain search and rescue, and a 

youth opportunities program for urban young 
people. The Club publishes a number of books 
addressing a wide spectrum of interests. 
Since 1876, the AMC has published America's 
oldest mountaineering journal. The organ
ization's unique hut system in the White 
Mountains of New Hampshire provides 
hospitality, food and lodging to more than 
200,000 hikers, ski tourers, and snowshoers 
every year. 

The Appalachian Mountain Club endeavors 
to promote wise planning for the use of the 
backcountry, its rivers, forests, mountains 
and lakes, and has committed itself to 
working cooperatively with other managers 
and recreational users in the effort. 

My personal experience is as a back
packer in the mountains of New England over 
the past 30 years. I have also had the 
pleasure of hiking on a number of occasions 
in the western part of the United States, 
Canada, and in Europe. The views I will 
share with you today are based on these ex
periences and are from the eyes of a 
pedestrian user of our wildlands. As I think 
you can well imagine, I find it very 
difficult, if not impossible, to try to 
represent the "typical" user's perspective. 
What one person considers to be an extremely 
impacted area may well be another's paradise. 
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One of the terms used in the title for 
this conference I feel would present a real 
challenge to the typical user. The term 
"wildlands" can, and certainly does mean many 
different things to different people. Can 
you blame the poor user for being confused? 
We seem to dream up a new term for wildlands 
every year; we have had "Wilderness" with a 
capital "W", with a small "w", "wildlands," 
"backcountry", "open space," "solitude 
areas," "Management Areas 1 through 4," 
"primitive areas", "scenic areas," "pristine 
areas," "threshold areas", "urban wilds" — 
and many more. I have been very close to the 
capital "W" Wilderness issue in the East for 
the past ten years. I have to admit that I am 
still confused as to what is an acceptable 
level of recreation and impact in a Wil
derness area, even given all my experience 
with the issue. 

In order to understand impact from the 
user's perspective, we must know more about 
our users. What do people seek in wildlands? 
What needs are being satisfied? What 
motivates them? The answers to these 
questions, I am certain, vary greatly from 
user to user, day to day, and even within the 
same person from one age to another. It has 
been my observation that users' perceptions 
of impacts and expectations from wildlands 
vary a great deal with their level of ex
perience. The inexperienced user is most 
comfortable when there are many developments 
around and signs of man's "impact" are 
apparent. As the user becomes more ex
perienced he will look for a purer and purer 
environment for his recreational activities. 
In this stage, I find people quite selfish. 
Here the user is likely to object strongly to 
impacts that he encounters in the wildlands 

and equally to responses employed by managers 
to correct those impacts. Some users mature 
to an understanding of the variety of needs 
of users and the different techniques that 
managers can apply to the tough question of 
recreation impacts. 

In general terms I think there are three 
kinds of impacts on wildlands to which most 
pedestrian users react negatively. These 
would be roads built into our wildlands, off-
road vehicles using trails in the back-
country, and timber cutting. Here we en
counter the problem that most users have a 
perception that all wildlands are protected 
and therefore not subject to the multiple use 
concept. 

The user is also served or dis-served by 
the hundreds of new "how to" books that have 

been published on wildland and outdoor recre
ation. I believe these books have had a 
great deal to do with conjuring up a per
ception of what users should expect of their 
backpacking or recreation experience. Even 
Madison Avenue has gotten into the game. 
Every new car, even cigarettes and soap, have 
had a wildlands setting. 

These thousands, if not millions, of new 
wildland seekers have descended upon a system 
of lands and management systems designed for 
a much different level of use. The results 
have been chaos. Horror stories poured out 
of the woods. Old timers wished for the 
"good ole days", managers ran for cover, and 
many of the new users were turned off by the 
mess and problems of mismanagement they en
countered. 

Yes, there was a great deal of impact on 
our wildlands--traiIs eroded, campsites were 
hard hit, overuse occurred at many sites, 
criminal acts began to occur in the back-
country. 

Managers and users reacted to these new 
conditions. Cries for tough controls rang 
out. Managers started to use the term 
"carrying capacity" and began to employ 
police powers. Most outdoor organizations 
ran stories in their publications of impacts 
that ran shivers up the outdoor user's back. 
Scientists stepped up recreational impact 
research (limited as it was). Having painted 
this picture of the scene, I think I would be 
wasting your time to go through the list of 
impacts that I have seen and how other users 
might react to them. 

The theme that I would like to develop 
today, and caution us all on, is not to over
react as managers and researchers to the 
impact issue. The medicine has the potential 
of being worse than the illness. I have per
sonally been as guilty as any of you of over
reacting to this issue, if I may put on my 
manager's and researcher's hat for a moment. 
Even this conference and workshop might, 
though I hope not, lead to the perception 
that conditions in our wildlands are pretty 
desperate. In a nutshell, I would prefer 
some degree of impact on our wildlands to the 
alternative of land managers over-reacting 
and restricting our present "freedom of the 
hills". I think we have a tendency to make 
mountains out of molehills. I do not for a 
minute want to deny that there are serious 
recreational impacts on wildlands that 
should be researched and studied carefully or 
that managers should take action to correct 
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these problems. However, reviewing the list 
of distinguished speakers at this conference 
this week I feel certain that these matters 
will be adequately covered. 

Another issue that has plagued both the 
user and the manager is the question of over
use. I would not deny that there are areas 
of overuse and serious recreational impacts 
but I do believe in general that they have 
been overstated. It is my observation that 
hardly any of our users want to do anything 
that will have a negative impact on our wild-
lands. The problems that have occurred are 
due in large part to the fact that until re
cently users have not had meaningful facts 
and information on which to make their back-
country decisions. I would suggest that many 
of our problems have been a result of misuse 
and mismanagement rather than overuse. In 
New England, we are now in the process of 
changing a century of backcountry camping 
traditions. 

In the Northeast, as I believe is true 
here, most management systems were developed 
during an era of much lower use. A large 
majority of facilities and trails were built 
50 to 100 years ago. When these systems do 
not work properly we have a tendency to blame 
the outcomes on overuse. 

I may be a blind optimist, but I do not 
feel conditions in our wildlands are as bad 
as many users and managers would have you 
believe. The AMC has had great success with 
its carry-in carry-out campaign -- trails and 
rivers are much cleaner now even with record 
numbers of users. I find managers of our 
wildland recreation areas and facilities 
much more aware, sensitive, and responsive to 
backcountry users now than formerly. Another 
very significant point is that even though we 
experienced tremendous increase in use from 
1965 to 1975, many of the most popular areas 
in the White Mountains of New Hampshire, the 
Green Mountains of Vermont, and the 
Adirondacks of New York, have not experienced 
much of an increase since 1975. I have heard 
the same reports from places here in the 
West. 

I suggest that the best solution to the 
issue of recreational impact on wildlands 
lies with the users themselves. I believe 
that a majority of the documented impacts 
can, and should, be corrected by the users 
with encouragement from the managers. In my 
estimation, managers have made far too little 
use of this approach. Where we have 

problems, let's get the users actively and 
directly involved and I feel strongly we will 
see dramatic results. The worst thing that 
could happen is that responsible officials 
over react to what they perceive as de
teriorating conditions of our wildlands and 
therefore take all the fun and challenge out 
of the user's outdoor experience. I would 
caution all of us, on behalf of my fellow 
users, not to move the pendulum too far as we 
sometimes have a tendency to do. Let's steal 
a page from the current energy debate and 
take the "soft path" in researching and 
managing wildland impacts. And, most 
importantly, let's have the users play a 
major role in the real problems we do have. 
I might go out on the limb and say, "We had a 
problem". 

In conclusion, I would like to cover 
briefly two other issues of importance to 
managers, researchers, and wildland users. 
The first of these issues is the current 
drive of Americans to curb the growth of 
government spending. 

At the recent National Recreation and 
Park Association's annual congress, I par
ticipated in two panels on "Political and 
Professional Response to Tax and Expenditure 
Limits". Needless to say, the recreational 
professionals gathered at the conference 
were very concerned with the current public 
mood toward public expenditures and the 
potential impact on the programs they ad
minister. 

I would suggest that managers, re
searchers, and outdoor users should be con
sidering many of the possible impacts of this 
current trend. As people concerned with the 
protection of our wildlands, we should be 
searching for ways to maintain quality man
agement programs during what seems sure to be 
a period of fiscal stress. 

The second item I wanted to bring to 
your attention is a report the AMC played a 
major role in preparing as part of the U.S. 
Department of Interior's 1978 Nationwide 
Outdoor Recreation Plan. The report en
titled, "Role of Non-Profit Organizations in 
Providing Outdoor Recreation Opportunities", 
was completed this past May. 

The principal conclusion of the task 
force was that volunteer non-profit organ
izations fulfill a vital role in the pro
vision of recreational opportunities and 
wherever possible these contributions should 
be fostered and encouraged at all levels of 

16 



government, federal, state and local. In 
providing these opportunities, non-profit 
organizations offer the advantages of sub
stantial public involvement, cost effec
tiveness, flexibility and diversity. 

This approach seems sure to be viewed as 

a viable option by those responsible for 
recreational services within the government 
as they move to fill the void left by the 
financial crunch I noted above. I believe 
that non-profit organizations, and their 
thousands of volunteers, are ready and 
equipped to accept an expanded role. 

Alders 
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ABSTRACT--A 1976 study compared users' opinions, attitudes and 
recreation patterns on roaded Forest lands in the Pacific Northwest 
with managers' perceptions of dispersed recreation. Users prefer a 
very low level of development or none at all and value privacy, 
freedom, peace and quiet - the opportunity to do their "own thing." 
Developed sites are not substitutes for dispersed road settings. 
Dispersed recreationists return to favorite sites and have been 
returning for many years. Many dispersed recreationists are not 
disturbed by logging and fewer are disturbed by even grazing of 
cattle and sheep. Users are receptive to some forms of management 
control to reduce impacts but not to others. Forest land managers, 
particularly those with public agencies, are generally favorable 
toward dispersed road recreation. Because of concern with possible 
impacts, managers support or encourage some dispersed road 
recreation activities more than others. When manager and user 
perceptions are compared, managers tend to rate recreation impacts 
as more serious than do users: litter and garbage, vandalism and 
theft, danger of fire, danger of accidents from logging traffic, 
conflicts with other recreationists, and human waste. 

Awareness of impact from recreation use 
spans many decades. Written evidence of 
managers' concern appears as early as 1913 
when the transient visitor was described as a 
formidable menace, posing a threat to forests 
from man-caused fires and introducing 
problems of sanitation in community water
sheds (USDA Forest Service 1913, 1915). This 
paper focuses on impacts associated with 
dispersed road recreation activities-
activities which commonly occur outside of 
developed recreation sites along forest and 
other resource management roads. The per
spective, however, is on comparing how 
impacts are perceived by resource managers 
and recreationists, rather than on direct 
measures of change or impact in the physical 
setting. 

Past research within diverse types of 
recreation environments (from wilderness 
areas to highly developed campgrounds) has 
shown that resource managers and users do not 
necessarily have the same views about what 
constitutes a pleasing or satisfying 
recreation experience. Managers may 
seriously misjudge what users are seeking 
from their recreation outing, as well as how 
they are likely to respond to management 
controls (Clark et al. 1971; Hendee and 
Harris 1970). In part this is due to 
differences in values and expectations. As 
compared with most users who are from urban 
places, managers have a close personal 
orientation toward natural environments and 
have formed more traditional views 
concerning activities and behaviors appro-

13 



priate in such settings. To many managers of 
highly developed campgrounds, for example, 
it seems inconsistent that campers who bring 
along many of their urban conveniences and 
expectations (radio, TV, bicycles, camper 
vans, desire to socialize) may also be 
seeking more traditional values such as 
isolation and contact with natural environ
ments. Furthermore, to many managers it is 
inconceivable that users are able to achieve 
such values in developed settings (Clark et 
al. 1971). 

Given differences in perspective and 
past experience, it is not too surprising 
then that managers and users may vary in 
their sensitivity to recreation impacts. 

Users may be less disturbed than managers at 
conditions in developed sites that are 
similar to their urban environment—litter 
or noise in campgrounds, for example. In 
fact, many may not even perceive the 
existence of environmental impacts resulting 
from their recreation activities which annoy 
and distress managers. 

But it is management concerns with 
impacts which have frequently led to con
straints on users in the past. Emphasis of 
the past half century on providing developed 
recreation sites is an example of action 
taken to concentrate recreation use where it 
could be more easily controlled. Unfor
tunately a dilemma exists. On the one hand, 
if managers allow some recreation activities 
to occur there may be potential for user 
conflict or, from the traditional resource 
protection viewpoint, undesirable resource 
impacts. On the other hand, carried to an 
extreme, management control can have the 
effect of limiting the spectrum of oppor
tunities available to meet the wide range of 
preferences for recreation opportunities 
existing among the public. Failing to 
recognize and provide for diversity and 
diverse public tastes "invites charges of 
favoritism, elitism, discrimination (Clark 
and Stanley 1978)." At the same time, it 
should be noted that for various reasons, 
including legislative or administrative re
quirements, ecological constraints, or 
desires to protect the diversity of recre
ation opportunities for future as well as 
present use, management of areas cannot be 
based solely on popular preferences. Con
siderable latitude, however, is often 
possible within such constraints, and this is 
where user desires can influence policy to 
some degree (Hendee and Harris 1970). 

THE STUDIES 

In the following discussion we describe 
two studies which identify user and managers' 
concerns about impacts from recreation 
activities. 

Users 

The opinions, attitudes and recreation 
patterns of dispersed recreationists along 
roads in three forest areas in the Pacific 
Northwest were examined with a combination of 
short on-site interviewing and a mail 
questionnaire during the summer and fall of 
1976. Three drainages--the Greenwater on the 
White River Ranger District of the Mt. Baker-
Snoqualmie National Forest, Washington; the 
Taneum-Manastash area on the Ellensburg 
Ranger District of the Wenatchee National 
Forest, Washington; and the Upper-Clackamas 
area on the Clackamas and Estacada Ranger 
Districts of the Mt. Hood National Forest, 
Oregon--were selected as representing a 
range of dispersed recreation environments 
in the Pacific Northwest. They were char
acterized by minimal or no recreation de
velopments, intermingling public and private 
ownership, current or imminent road 
closures, a spectrum of nearby recreation 
opportunities, ORV use, different methods of 
timber harvest including clearcuts, and 
general conditions typical of large 
categories of national forest land admin
istered under multiple use. All were easily 
accessible from a large metropolitan area and 
contained road systems which include 
blacktop highway, mainline logging roads, 
and many miles of dirt spur roads. 

Though differences in use patterns 
exist among the three study areas, a general 
pattern can be described as follows. Both 
overnight camping and day use occur in the 
dispersed areas. Use peaks on weekends and 
holidays, though bad weather can suppress 
weekend activity considerably. Most 
respondents live within a two-hour drive of 
the site, participate in parties of four 
people or more, and engage in a diverse range 
of activities while in the area. Pickup 
campers and trailers are the most common 
types of camping units observed, and use 
tends to concentrate along river bottoms, at 
midslope stream crossings and at ridgetop 
vantage points (Hendee, Hogans, and Koch 
1976). 

Managers 

Managers' views about benefits and 
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problems with dispersed recreation and their 
predisposition toward management actions are 
based on a 1975 mail questionnaire survey of 
personnel of the Bureau of Land Management, 
USDA Forest Service, Oregon Department of 
Forestry, and Washington Department of 
Natural Resources. Supervisory personnel as 
well as staff with responsibilities for 
timber, recreation, wildlife, range and 
watershed management, fire control and 
engineering were included. Foresters 
employed with private companies and private 
forest landowners were surveyed with a 
slightly modified version of the public 
agency questionnaire in April, 1975. The 
results of this study are based on returns 
from 483 public agency personnel and 180 
forest landowners and privately employed 
foresters from Washington to Oregon. 

RESULTS 

Before comparing managers' and users' 
perceptions of recreation impacts, it is 
necessary to understand their more general 
orientation and expectations which help 
define individual perceptions of what con
stitutes an impact. This topic is discussed 
in more detail in the paper by Clark and 
Stankey elsewhere in this volume. 

What are Users Saying? 

Dispersed recreationists along forest 
roads prefer a very low level of development 
or none at all. Just over one-third of the 
respondents feel no improvements are needed. 
For those who do, however, the most 
frequently mentioned additions included 
trash cans (45% of respondents), toilets (38% 
of respondents), and drinking water (24% of 
respondents). There is a potential incon
sistency here, however, one that was evident 
to some of the people interviewed. While 
some people may prefer additional 
facilities, it seems clear from their choice 
of where to camp that they accept places 
where no facilities exist. And, during 
casual conversations with some users, inter
viewers noted that these recreationists 
quickly changed their minds about the 
desirability of improvements when they con
sidered that such change might tend to 
increase use or change the type of users of 
the area. While respondents would prefer a 
few conveniences they are more than willing 
to accept the unimproved conditions in order 
to protect the type of opportunities they are 
seeking. Moreover, it should be noted that 
most hardened sites developed in response to 

increased use or concern for site protection 
were once undeveloped like those in the study 
areas. 

Users value privacy, freedom, peace and 
quiet—the opportunity to do their "own 
thing". Dispersed road recreation was 
preferred by 85% of users because they could 
camp away from others not in their party and 
have few encounters with other people. 
Nearly 3 out of 4 indicated that freedom from 
regulation and control in a dispersed setting 
as well as the opportunity to alter sites to 
accommodate their needs--move fire rings or 
construct rustic tables, for example--are 
important values. And almost half choose 
dispersed recreation because they can engage 
in activities not allowed or appropriate in 
developed recreation areas. It is in this 
category of values where perhaps the largest 
potential exists for conflict between 
management concerns and user goals. 

Developed sites are not substitutes for 
dispersed road settings. For reasons listed 
previously, as well as for many others 
mentioned less often, it is evident that when 
users choose dispersed settings they seek an 
experience which is different from that 
available at developed recreation sites. 
Three out of four agreed that lack of 
developed campgrounds was not a reason for 
preferring dispersed road recreation. Thus, 
dispersed recreation opportunities appear to 
occupy a unique place on the outdoor 
recreation opportunity spectrum, and efforts 
to harden dispersed sites will reduce the 
range of choice for these users. 

Dispersed recreationists return to 
favorite sites and have been returning for 
many years. Three out of four respondents 
said they have favorite places to recreate 
and return to them again and again. It 
follows then that management actions that 
would alter sites (or allow deterioration to 
continue from uncontrolled use--the 
management dilemma again) or that would 
modify the surroundings significantly are 
very likely to be noticed by and may even be 
disruptive to a large percentage of users. 

Efforts to close or restrict use of 
favored areas may even lead to rule 
violations by users who re-open access to 
these areas by removing barriers or closure 
signs. Previous research further suggests 
that without understanding reasons for 
restrictive management actions, users may be 
able to rationalize this rule violation 
(Clark, Hendee and Campbell 1971; Clark 
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1976). 

Many dispersed recreationists are not 
disturbed by logging and even fewer are 
disturbed by grazing of cattle and sheep. 
One-half of the users indicated that the 
impact of logging does not detract from their 
enjoyment of dispersed recreational areas, 
although 65% regard large clearcuts as 
unacceptable compared with only 18% who are 
disturbed by small clearcuts. Nearly half 
(46%) believe clearcut logging should be 
hidden from roadside view, although 25% 
believe there is no need to hide them. In 
general we would conclude that although 
dispersed road recreationists would prefer 
some modification of timber harvest 
practices, most (in contrast to visitors to 
wilderness) are willing to accept timber 
management activities in dispersed settings. 

The Taneum-Manastash study area is the 
only one of the three where grazing of cattle 
occurs, and only about 20% of the respondents 
in that area believe grazing should be 
excluded. This is nearly 10% less than the 
proportion opposed to grazing in the other 
two areas where users presumably have had 
less contact and experience with impacts from 
grazing. Evidently grazing has not severely 
interferred with people's ability to enjoy 
themselves in the Taneum-Manastash area. 

Users are receptive to some forms of 
management control to reduce impacts but not 
toothers. There is a rationality underlying 
users' responses to potential management 
controls. For example, most would support 
road closures to reduce fire hazard (81%, for 
road maintenance or repair (80%), to protect 
sensitive wildlife (75%), or to improve 
hunting quality (53%). Furthermore, over 80% 
would agree with requiring campers to carry a 
shovel, axe and bucket as a fire prevention 
measure. Almost half would support controls 
to reduce crowding. 

Conversely, a much smaller proportion 
would back management controls such as 
requiring fire permits (15%) or total closure 
of areas during high fire danger. User's 
perceptions of the need for and the 
legitimacy of management actions, as well as 
possible inconvenience or infringement of 
their personal freedom, seem to be important 
values involved in their receptivity to 
controls. 

What Are Managers Saying? 

Forest land managers, particularly those 

with public agencies, are generally favorable 
toward dispersed road recreation. Over 9 out 
of 10 public managers, two-thirds of 
foresters with private companies and one-
third of private land-owners favor dispersed 
recreation on lands owned or administered by 
their organization or on tracts they own 
personally. Opportunities for people to 
achieve privacy and to participate in 
activities as they wish without restrictions 
are viewed by managers as well as users as 
primary benefits to recreationists. 

On the other hand, fewer than half of 
the public managers (47%) and only 18% of the 
private managers and landowners believe that 
benefits to managers or to the organization, 
such as reduced pressure on developed sites, 
increased public awareness of forest 
practices, or better public relations, 
outweigh the problems that result from 
dispersed recreation. 

Because of concern with possible 
impacts, managers support or encourage some 
dispersed road recreation activities more 
than others. Although favorably disposed 
toward dispersed recreation as a general 
concept, most managers are more supportive of 
traditional recreation pursuits such as 
hiking, fishing, hunting and picnicking than 
they are of activities such as camping out
side of campgrounds, target shooting (which 
may be associated with hunting), and most 
forms of off-road vehicle use. Extended 
living or squatting would be prohibited by 
nearly all mangers. We found evidence that 
differences in support for activities depend 
on managers' perception of the social and 
administrative problems, as well as environ
mental impacts that may result. 

What Can We Conclude by Comparing Users and 
Managers Perceptions of Impact? 

The major finding when manger and user 
perceptions are compared is that managers tend 
to rate recreation impacts as more serious 
than do users (Table 1). We discuss each of 
these impacts below. 

Litter and garbage. As compared with 
managers dispersed road users are much less 
likely to regard litter and garbage as a 
problem at dispersed sites being used now. 
Differences in sensitivity to litter may be a 
reflection of managers' and users' 
dissimilarities in values, living environ
ments, previous experiences and 
expectations, discussed earlier in the 
paper. By way of comparison, it is 
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Table 1. Managers' and users' perceptions of impact 

interesting to note that dispersed wilder-
ness/backcountry users are quite concerned 
about litter in the wilderness environment. 
Ninety-nine percent of respondents in a study 
of users in three wilderness areas of the 
west and the Boundary Waters Canoe area were 
annoyed at finding litter along trails or in 
campsites. In fact, two-thirds felt litter 
at a campsite was more disturbing than seeing 
too many people (Stankey 1973). 

Vandalism and theft. Nearly all 
managers in the study expressed concern with 
theft and vandalism associated with dis
persed road recreation. Whether they believe 
the problems would be less severe in and 
around developed sites cannot be determined 
from the data. But, far fewer of the users 
regard vandalism and theft as a problem; no 
doubt because they normally would not 
encounter this type of impact during the 
course of their recreation activities in 
dispersed areas. Most (84%) indicated they 
feel safe when picnicking or camping in 
dispersed areas. 

Danger of fire. Managers expressed 
strong concern with the potential for fire 
caused by dispersed recreationists. Far 
fewer users, however, think there is great 
danger of recreationists accidentally 
starting a forest fire. Whether users' or 
managers' perceptions more accurately 
reflect the role of recreation in past fire 
history needs to be examined. 

Danger of accidents with logging 
traffic. A high percentage of managers 
believe there is danger of log-truck 
accidents with recreationists on forest 
roads. Users, on the other hand, are much 
less concerned, perhaps because they have had 
few encounters with logging traffic. Most 
dispersed road recreation activity occurs on 
weekends and holidays when few, if any trucks 
are hauling. 

Conflicts with recreationists. As 
compared with managers users seem relatively 
unconcerned about conflicts with other 
recreationists. Users who are concerned 
regard conflicts as a growing problem to be 
dealt with in the future rather than a major 
issue now. 

Impacts of Human Waste. While managers 
express concern with aesthetic problems of 
human waste near recreation sites, few users 
regard it as a problem now. About the same 
percentage of both groups (40%) tend to 
believe there is a hazard to water quality 
and human health from waste located close to 
recreation sites. But, over half of the 
users (55%) either have no opinion or believe 
that human waste is not really an important 
threat in dispersed recreation areas; nature 
quickly takes care of it. Moreover, over 
half are not concerned about water pollution 
in dispersed areas and indicated that they 
drink from main streams. The implications of 
these data are further discussed in the paper 
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Impact 

Litter/garbage 
Vandalism 
Danger of Fire 
Theft of Equipment 
Danger of accidents with logging traffic 
Conflicts between recreationists 
Presence of human waste near sites 
Water quality problems from human waste 
Human health problems from human waste 

Percent of respo 
impact is serious 
or becoming more 

Managers 

92 
91 
86 
86 
81 
55 
54 
44 
39 

ndents who believe 
, somewhat serious, 
of a problem 

Users 

50 
37 
40 
27 
29 
32 
29 
43 
40 



by Christensen and Pacha elsewhere in these 
proceedings. 

CONCLUSIONS 

People appear to be expressing a desire 
for something quite specific when they engage 
in recreational activities along forest and 
other resource management roads. Some of the 
values and opportunities they are seeking, 
however, may lead to a wide array of impacts 
that will require a planned management re
sponse. While users don't want to get far 
away from roads and the conveniences and 
opportunities made possible by having their 
vehicles close at hand, they do appear to be 
seeking privacy and freedom from re
strictions commonly imposed in developed 
sites. For many, this freedom involves 
recreating away from persons not in their 
party, being able to alter sites in ways to 
accommodate their needs, and engaging in 
activities not customarily allowed in 
developed recreation areas. 

They certainly do not want highly 
developed sites -- dispersed road recreation 
and developed sites are not substitutes. As 
a result, managers who opt for site 
hardening, more intensive development and 
increased regulation in response to 
dispersed recreation use will, more than 
likely, find themselves serving a different 
clientele as the dispersed users move on to 
find areas that better meet their desires. 

Where impacts might be mitigated by 
cooperation on the part of the users, their 
awareness of problems as well as their per
ceptions of the seriousness of the situation 
will certainly influence their willingness 
to assist. It is evident from the infor
mation presented, that in dispersed 
recreation areas many impacts which distress 
managers are not regarded as serious by 
recreationists. 
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ABSTRACT--Recreational use of wildlands will inevitably change the 
environment. Change perceived as undesirable constitutes damage 
and requires corrective action. Managers and visitors perceive 
recreational impacts differently, based upon different training, 
background, responsibilities, and time frames. Studies reviewed 
indicate visitors' perception of recreational impacts is limited. 
Visitors' satisfaction is not strongly affected by severity of 
impacts on trails and campsites. Management of recreational 
impacts on wildlands must be based mainly on: (1) professional 
recognition of long-term consequences of impacts; and (2) legal and 
policy goals that set standards for acceptable impact levels. 

INTRODUCTION 

Any recreational use of wildlands will 
produce some environmental change. "No 
change" or "unmodified natural conditions" 
may sound noble but neither can be achieved 
in areas visited by recreationists and there
fore both are unrealistic management 
objectives. 

The word "change" (or "impact") is a 
neutral term. It refers to an objective de
scription of the environmental effects of 
recreational use. "Damage", (or similar 
terms, such as "deterioration" or "degra
dation"), in contrast, reflects a value 
judgement that the amount, type, or rate of 
change is undesirable. As such, damage is 
defined by individual perceptions that vary 
among observers in response to many factors. 

A key question, essentially unanswered 
to date, is: At what point does change be
come damage? Management of impacts must be 
based on a clear, objective description of 
what is and is not acceptable impact. This 
question has several parts: Who will decide 
what constitutes unacceptable impact— 
managers or visitors? At what point will 
managers intervene to prevent or correct 
damage? How will the severity of damage be 
evaluated as a basis for determining in

tensity of managerial response? In this 
paper, I will attempt to answer these 
questions based on the limited research that 
is relevant to the problem. I will offer 
some conclusions to guide wildland managers. 
The research cited deals mainly with non-
motorized recreational use of roadless wild-
lands and may not be applicable elsewhere. 

FACTORS AFFECTING PERCEPTION OF WILDLAND 
IMPACTS 

Importance and Desirability 

There are two aspects to recreational 
impact perception: (1) the perceived 
importance of impact conditions relative to 
all other aspects of the wildland recre
ational setting (such as scenic appeal, 
fishing, solitude, freedom); and (2) the 
evaluation of any given physical-biological 
condition in desirable/undesirable terms. 
An example of the second is the degree to 
which a campsite with a specific level of 
vegetation change is perceived as appro
priate and desirable or deteriorated and un
desirable? 
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Origins 

Impact perceptions are influenced by 
factors in addition to site conditions and 
the individual observer's background and 
personality. As Lowenthal pointed out 
(1962), "the genetic vision," that is, what 
an observer assumes to be the origin of some
thing in the landscape, powerfully modifies 
perception. His example is a discolored 
stream, which is perceived as ugly if it is 
assumed to result from pollution caused by 
careless mining, but much more acceptable if 
the turbid water was caused by a natural 
sulfur vent or spring runoff. As another 
example: How might we variously perceive 
erosion on a steep slope if it is believed to 
be the result of 4-wheel drive or motorcycle 
recreational use, of hikers shortcutting a 
trail, of careful logging, or of elk move
ments? 

Settings 

Perceptions are modified also by the 
observer's beliefs about the setting. For 
example, an impact perceived as appropriate 
and acceptable in a developed, road-
accessible area may not be considered appro
priate in a wilderness. 

Influences on Managers' and Visitors' 
Perceptions of Impacts 

Perceptions of both aspects of impacts 
(importance and desirability standards) 
probably differ between managers and 
visitors, although research on this issue, to 
be reviewed later, is scarce and indirect. 
It is clear, however, that managers and 
visitors relate to impacts and damage in 
basically different ways. Each group has 
different responsibilities, different back
grounds and viewpoints, different objec
tives, and different time perspectives. 

Managers have a professional, steward
ship obligation to control recreational 
damage to wildland environments. They 
operate under legal and policy goals and con
straints. They must consider impacts both at 
individual sites and throughout an entire 
management unit, such as a park or wilder
ness. As Hendee and Pyle (1971) point out, 
wilderness (and similar lands) are generally 
a work environment for managers, and many 
live in rural settings. Most managers are 
trained in the biological sciences and 
observe the environment accordingly. They 
usually recognize major plant species and 
ecological processes. Some managers have 

observed particular areas for many years, 
giving them a base for noticing trends. 
Their awareness of likely future changes is 
fairly high, and they tend to take a long-
term view of changes. Origins of impacts 
influence perceptions; for example, some 
managers view recreation impacts as un
acceptable, while tolerating similar impacts 
from logging or road building as an in
evitable part of even careful management. 

Recreational visitors probably vary 
more than managers in perception of environ
mental change. Visitors' relationship to the 
environment is primarily esthetic, although 
they may also have utilitarian demands, such 
as gathering firewood and grazing pack and 
saddle stock. Visitors relate mainly to 
impacts at individual sites, rather than over 
large management units. For visitors, wild-
lands are a play environment (Hendee and 
Pyle, 1971). Visitors are also directly 
affected by management actions taken to con
trol environmental impacts. Visitors are 
usually poorly informed on legal directives, 
and have varying senses of stewardship. Most 
visitors, I am sure, feel concern for wild-
lands and want to help protect them, although 
often they may not know how. Visitors' 
educational levels are typically high, with 
professional - technical occupations most 
common (Wildland Research Center 1962; Lucas 
1964; Hendee and others 1968), but most 
visitors do not have training in biological 
sciences. Species recognition and awareness 
of processes of ecological change are usually 
limited. For example, as West (1975) in
dicates, few visitors recognize the replace
ment of native willow and cottonwood by 
Asiatic tamarisk along the Colorado River. 
Similarily, exotic grasses introduced at 
campsites by man's activities would probably 
not be noticed, nor early signs of loss of 
tree vigor or absence of tree reproduction. 
A few recreationists have visited the same 
area for years and have an opportunity to 
compare past and present. (In some areas 
with high turnover of managers, old-time 
visitors may be in a better position to 
notice changes than managers.) However, time 
frames are mainly limited to the present, and 
awareness of likely future change is usually 
low. Visitors' perceptions of impacts 
probably are influenced by assumed origins 
and depend on their own style of use. For 
example, horsemen or motorcyclists may 
accept their own impacts more readily than do 
hikers. 

Managers and visitors not only view 
recreational impacts from differing bases, 
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they also differ in their perceptions of the 
acceptability of management actions designed 
to control impacts. The following review in
cludes research on attitudes about manage
ment actions as well as perceptions of 
impact. 

Area Characteristics and Activities 

Wildlands fall along a continuum from 
roadless to roaded. There is no sharp 
dichotomy, except under arbitrary defi
nitions in terms of road character and 
spacing. RARE I and II (the Forest Service's 
two Roadless Area Reviews and Evaluations), 
both faced, this fact, and different defi
nitions were used with different resulting 
inventories of "roadless" lands. 

The characteristics of wildlands, their 
use, problems, and management also are 
arrayed along a continuum. Roger Clark 
elaborates on this point in his symposium 
paper dealing with the recreation oppor
tunity spectrum concept. This paper focuses 
on the impact issue for the relatively road
less wildlands, and will emphasize the un-
mechanized types of recreation, in contrast 
to the paper by Downing at this symposium. 

The roadless lands tend to have a 
narrower mix of recreational uses compared to 
more accessible lands, and the variety of 
impacts is thus reduced. This is especially 
true in wilderness, where mechanized recre
ation is legally prohibited (with some 
exceptions). 

Roadless wildlands probably draw 
different types of visitors than roaded 
areas, in socio-economic terms although com
parative knowledge of the range of recre-
ationists is incomplete. We are planning a 
nationwide survey to attempt to fill the gaps 
in knowledge. It seems probable that 
visitors to roadless areas have different 
experience expectations and have different 
standards for evaluating user impacts, than 
those who visit more developed, more 
accessible areas. 

Management is more constrained in 
dealing with impacts on roadless lands than 
roaded lands. In wilderness, law and policy 
impose special constraints. Outside wilder
ness, limitations of access make some manage
ment actions impractical or too expensive and 
require modifications in other practices. 

RESEARCH RESULTS 

Research on perception of recreational 
impacts is scarce. Hardly any studies focus 
specifically on how much visitors or managers 
recognize recreational impacts or how they 
react to the impacts they recognize. A few 
studies touch on the topic, usually peri
pherally, and all relate to the visitors' 
perceptions, not the managers'. 

Visitors' Perception of Campsite Impacts 

Studies generally suggest that campsite 
conditions resulting from visitors' impacts 
are not a major influence on visitors' choice 
of campsites or their satisfaction with them. 

Frissell and Duncan (1965) asked 
Boundary Waters Canoe Area (Minnesota) 
visitors what factors had influenced their 
choice of campsites; campsite impact con
ditions did not appear among the reasons 
given. Satisfaction was apparently also 
little affected by site conditions. "The 
most frequent complaint pertained not to the 
physical characteristics of the site itself, 
but to the trash and debris left by previous 
campers." This was despite the fact that the 
study campsites had lost an average of 85 
percent of their original ground cover. 

Merriam and Smith (1974) also reported 
that campers seldom commented on site impact 
conditions but often mentioned littering. 
They reported no correlation between visitor 
ratings of campsite physical condition and 
the "site impact stage" that they assigned to 
sites based on the severity of impacts. 
Comments related to campsite appearance were 
weakly correlated with impact stage. 

The Outdoor Recreation Resources Review 
Commission (ORRRC) wilderness study (Wild-
land Research Center 1962) combined 
"littered and rundown campsite conditions" 
in one question. Together, among the factors 
visitors were asked about, they were the 
leading cause of reduced enjoyment in the 
three study areas — the Boundary Waters 
Canoe Area in Minnesota, the High Sierras 
Wilderness in California, and the Mt. Marcy 
Area, a wilderness-type area administered by 
the state of New York. However, campsite 
conditions still were not very strong in
fluences on satisfaction (Table 1). 
Depending on the area, motorboats, effects of 
horses (another type of recreational 
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Complaint 

Littered or rundown campsites 

Too few campsites 

Difficulty of finding isolation from 
other camping parties 

Very large oarties traveling or camping 
together 

Effects of too many horses or mules on 
trails or new campsites 

Motorboats or jeeps in the area 

Helicopters or airplanes in the area 

Large number of insects 

Poor fishing 

Mc 

Noticed 

22 

32 

23 

37 

1 

8 

7 

36 

19 

unt Marcv 
N • 90) 
Found 
Annoy
ing 

19 

12 

11 

16 

1 

6 

3 

22 

3 

Reduce 
Enjoy
ment 

7 

2 

4 

6 

1 

1 

1 

2 

1 

BWCA 
(N • 82) 

Noticed 

51 

12 

18 

15 

--

45 

20 

27 

11 

Found 
Annoy
ing 

39 

9 

13 

1 

--

33 

4 

15 

7 

Reduce 
Enjoy
ment 

18 

5 

6 

1 

--

17 

4 

5 

4 

High 
(N 

Noticed 

50 

5 

27 

33 

38 

3 

17 

14 

18 

Sierra 
• 154) 
Found 
Annoy
ing 

40 

3 

18 

16 

33 

2 

3 

8 

12 

Reduce 
Enjoy
ment 

21 

2 

8 

6 

11 

1 

1 

3 

2 

impact), or large parties were nearly as 
important. Half or less of the visitors in
terviewed said they noticed littered or 
rundown campsites, although a majority of 
these visitors found such conditions 
annoying. 

A study by Stankey (1973) sheds some 
light on the preceding results. Stankey did 
not study perceptions of physical impacts, 
but he reported strong negative reactions to 
litter. This suggests the ORRRC results may 
be more indicative of visitor concern with 
littering than with visitor impacts on the 
environment. 

In a study of the Cranberry Backcountry 
in West Virginia, Echelberger and Moeller 
(1977) did not list site impact conditions 
among the responses to an open-ended question 
about most-and least- liked characteristics 
of the area. 

In an unpublished study (cited by West 
1975), Godfrey and Peckfelder found that less 
than 1% of the floaters on Idaho's Middle 
Fork of the Salmon River felt man's imprint 
on camp-grounds was noticeable. 

Lee (1975) examined Yosemite National 

Park backcountry campers' satisfaction 
(overall satisfaction, satisfaction with the 
"social atmosphere," and satisfaction with 
physical appearance of the camping area) and 
also the feeling of being crowded as related, 
first, to expert assessments of 15 camping 
area physical and social conditions, and, 
second, to the campers' perceptions of the 
same conditions. Satisfaction with both 
social and physical aspects was moderately 
high, 6.6 to 6.8 on a 9-point scale (with 9 
"absolutely" satisfied). Visitors rated 
amount of litter, ground-cover impact con
ditions, and damage to trees all close to the 
scale value corresponding to "moderately 
close to what you would prefer," although 
expert assessments rated litter conditions 
better than ground cover, which, in turn, was 
slightly better than damage to trees. This 
would seem to imply greater visitor sen
sitivity to litter than vegetation impacts. 

Little of the variation in visitors' 
satisfaction with campsite physical con
ditions could be explained by expert assess
ments. Using multiple regression, less than 
8% of the variation in satisfaction was 
accounted for (R2=0.0773). The attributes 
contributing most to the equation (based on 
beta coefficients) were almost all related 
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Table 1. Reactions of campers in three areas to various environmental factors in wilderness (percent of users)— 



more to people than environment—in order of 
importance they were park facilities, 
litter, user-constructed facilities, water 
purity, and camper friendliness(!). Ground 
cover (as evaluated by experts) was among the 
5 most important variables related to overall 
campsite satisfaction, however. 

Analysis of the relationship between 
satisfaction with physical conditions and 
visitor perceptions of conditions were sur
prising. The equation explained 20 percent 
of the variation in satisfaction 
(R2=0.2010), but the four most important in
dependent variables were all social factors. 
Furthermore, none of the perceived impact 
variables had any important relationship to 
overall satisfaction. 

In general, Yosemite visitors' recog
nition of environmental impacts seemed low 
and the impacts' effect on satisfaction 
appeared minor. "Deterioration of the 
physical environment had far less effect on 
campers than did the presence of 'unnatural' 
objects left by previous visitors." 

My own current studies of eight wilder
ness and similar areas in Montana and Idaho 
and one in California separate reactions to 
litter and site conditions. Site conditions 
were rated as "good" or "very good" by 70 to 
80% of the visitors to all areas except the 
very heavily used Desolation Wilderness in 
California, where ratings dropped to 55%. 
Litter conditions were rated as worse than 
site conditions in all areas. 

Visitors who had previously visited 
each area were asked how area conditions (of 
all kinds) had changed, that is, whether con
ditions were better, worse, or about the same 
as before. In most areas, over half said 
"the same", while "worse" responses out
numbered "better" 2 to 1. In the Desolation 
Wilderness, although nearly half said 
"same", "worse" outnumbered "better" over 4 
to 1. In the Jewel Basin Hiking Area in 
Montana, where horses and motorcycles were 
banned beginning in the study year, "better" 
responses equalled "worse" (each group 
accounted for about 21% of the total). 

Visitors were asked why they rated con
ditions as they did; about 10% cited 
littering and less than that mentioned other 
impacts. 

Visitors' perceptions of wear and tear 
were negatively correlated with their 
reported overall satisfaction with the trip. 

Values for Gamma, a type of correlation 
statistical measure, ranged from -0.18 to 
-0.44. This means from about 18 to 44 per
cent of the variation in visitors' satis
faction was accounted for by their rating of 
impact conditions, and suggests a weak to 
moderate loss of satisfaction with increased 
wear and tear. This is stronger than the 
correlation between visitors' ratings of 
litter conditions and satisfaction (although 
they rated littering conditions as worse than 
impacts), and it is about the same as the 
correlation between satisfaction and ratings 
of crowding/solitude. However, I have no 
data on how visitors' perceptions and ratings 
of "wear and tear" related to the actual site 
conditions. 

This same study shows only limited 
support for facilities and developments in 
wilderness, including some that might help 
protect sites, such as hitching rails, 
corrals, fireplaces, outhouses, and so on. 

Some indirect indications that many 
campers do not perceive campsites as ex
cessively impacted comes from a current 
Master's thesis study by Beth Ranz of the 
University of Montana. She found that 16% of 
the camper parties around a large, popular 
lake in the Selway - Bitterroot Wilderness 
used campsites posted as closed because of 
camping damage (as perceived by the man
agers). At least a part of this camping 
probably is because the sites looked accept
able to visitors ("What's wrong?") or because 
they did not recognize the impacts they would 
cause ("What am I going to hurt?"). 

Visitors' Perceptions of Trail Impact 

Very little research deals with 
visitors' perceptions of trail conditions. 
Trahan (1977) reports that trail users in 
Rocky Mountain National Park, Colorado, 
rated trail conditions very high -- 85% said 
"excel lent" or "good". 

In Yosemite National Park, satisfaction 
with trails was moderately high (Lee 1975). 
Satisfaction with physical conditions was 
lower than overall satisfaction, which was 
about the same as satisfaction with the 
social atmosphere. This seems to suggest a 
secondary role for physical conditions in 
visitors' satisfaction with trails. 

Visitors ranked horse manure on the 
trail the most objectionable condition, 
followed by physical deterioration and 
litter. Expert observers rated litter as vir-
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tually absent, and manure and trail condition 
about the same. This implies visitors 
reacted more sensitively to manure than 
eroded, rutted traiIs. 

Almost none of the variation in satis
faction with trail physical conditions was 
accounted for by expert observations 
(R2=0.0387). Loose rock on trails and 
numbers of people (a social factor) were the 
most important variables. More of the 
variation in satisfaction with trail 
physical conditions was accounted for by 
visitor perceptions (R2=0.2013). Physical 
deterioration and horse manure were the most 
important variables in this equation. 

Overall trail satisfaction was largely 
unexplained by the regression equation 
(R2=0.0524), but litter and trail deter
ioration appeared to be the most important 
variables. 

In my study of 9 wilderness-type areas, 
visitors were asked why they rated general 
wear and tear as they did. Only about 10% 
gave trail erosion as a reason. 

In two study areas (the Selway-
Bitterroot Wilderness in Idaho and Montana 
and the Desolation in California), visitors 
were asked their evaluation of trail con
ditions. More than 70% said they were well-
satisfied with trails. This was despite the 
fact that some of the Selway-Biterroot trails 
were severely eroded (Helgath 1975). Trail 
complaints rarely referred to erosion (less 
than 5% mentioned it) and almost never to 
manure (1%). The erosion complaints came 
mainly from hikers; down-tree complaints 
were largely from horse travelers. 

In all areas, support for low standard 
trails was much stronger than for high-
standard traiIs. 

Visitors' Perceptions of Other Impacts 

I am not aware of any studies on recre-
ationists' perceptions of air pollution in 
recreation settings. Backcountry campers in 
Yosemite National Park rated water quality 
fairly high, as did expert observers (Lee 
1975). The expert ratings of water quality 
were a relatively important variable in 
multiple regression equations relating site 
conditions to overall satisfaction and to 
satisfaction with social and physical con
ditions in campsites. Visitors' perceptions 
of water purity were relatively unimportant 
in accounting for variation in the campsite 

satisfaction measures. 

There are a few, indirect indications 
that visitors almost totally fail to perceive 
impacts on wildlife by themselves and other 
visitors. Ream (1975) found loon nesting 
suffered due to disturbances by canoeists and 
campers. Hunt (1972) reports reduced nesting 
success by gulls in Maine as a result of 
recreationists. Hudnall (1977) describes 
adverse effects on whales. Weeden (1976) 
mentions harrassment of hawks, plover, 
terns, and elephant seals. Glinski (1976) 
describes harassment of birds in Arizona by 
bird watchers. Most of the visitors in these 
cases were unaware of any impact they were 
causing. (See the paper by Ream at this con
ference for a discussion of recreationists' 
impacts on wildlife.) 

Managers' Perceptions of Impacts 

Managers' perceptions have been studied 
very little and not specifically in relation 
to impacts, except Downing and Moutsinas 
(1978) study of managers' attitudes about 
dispersed road recreation, which is dis
cussed further in Downing's paper at this 
symposium. It might be interesting if some
one analyzed the content of impact-related 
statements in management plans and other 
documents prepared by managers as one way of 
describing their perceptions of different 
types of impacts. 

Hendee and Harris (1970) found that 
Forest Service wilderness managers and 
visitors had similar attitudes about wilder
ness. However, when managers predicted 
visitors' opinions, three major misper-
ceptions appeared, all of which have 
implications for impact management: (1) 
Visitors were less in favor of facilities and 
developments than managers expected; (2) 
visitors were more willing to accept regu
lation than managers expected; (3) visitors 
were more willing to permit managers flex
ibility and use of mechanized equipment for 
wilderness management than managers 
expected. 

Peterson (1974) also found that 
managers and visitors in the Boundary Waters 
Canoe Area shared most perceptions. However, 
visitors were less aware of "the deprecatory 
consequences of recreational use" than 
managers. He also reported a similar dis
crepancy for water quality, i.e., visitors 
thought water quality was better than the 
managers did. In contrast to other studies, 
Peterson found a greater proportion of 
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visitors in favor of facilities than 
managers. 

Even more indirect, but perhaps 
offering some insight into the differences 
between managers' and recreationists' per
ceptions, is a study of road-accessible 
recreation areas on two national forests in 
Michigan (Lucas 1970). Recreation resource 
evaluations by Forest Service planners did 
not correlate with visitors' evaluations of 
the same resources at the same sites, nor 
with the amount of recreational use the sites 
received. This suggests problems in mana
gerial judgements of site attractions, which 
has implications for programs of trail or 
campsite closure or relocation. 

CONCLUSIONS 

Management of recreational impacts on 
wildlands apparently must largely depend on 
factors other than the effect of impact con
ditions on visitors' experiences and satis
faction. Environmental impacts do affect 
visitors and confirm the urgency of the 
problem but visitors' limited perception of 
impacts and the resulting weak-to-moderate 
reductions in satisfaction suggest that 
management of recreational impacts be based 
mainly on: (1) professional recognition of 
longer-term consequences of impacts; and (2) 
legal and policy goals that set standards for 
naturalness and acceptable impact levels. 

This conclusion is consistent with 
West's (1975) position, but it rests on a 
slim research base. The problem of defining 
environmental damage in recreation settings, 
and of understanding impact perceptions by 
visitors and managers is sorely in need of 
more research. The definition of acceptable 
impacts needs a clearer conceptual frame
work. It appears to be a complex, multi-
faceted concept. For example, the amount of 
ecological change resulting from recreation 
impacts and the kinds of changes visitors 
notice and dislike may not be closely 
correlated. 

Managers also need to be cautious in 
reacting to visitor evaluations of impact 
conditions. It is possible that visitors who 
object to impacts could abandon an area and 
be replaced by visitors who are less sen
sitive to impacts, and, thus, for visitor 
acceptance to remain high. However, if 
management objectives remain unchanged, this 
shifting clientele may mislead managers. 

Education of visitors to increase their 

awareness of the impacts they cause appears 
to be necessary to help motivate their 
adoption of lower-impact techniques. Edu
cation is also a management action that is 
very acceptable to visitors. 

Structural or engineering solutions, in 
effect "site hardening", need to be very 
carefully evaluated. At least in wilderness, 
the research results suggest that visitors 
may find such facilities worse than the 
impacts corrected. In other words, obvious 
human manipulation may reduce satisfaction 
more than the less-easily recognized eco
logical changes these managerial actions are 
attempting to minimize. Here again, more 
research is badly needed. For example, how 
do visitors view the trade-offs between bogs 
on trails, log corduroy, or soil cement? How 
do visitors' standards of acceptability vary 
with the setting, e.g., between wilderness 
and various other types of roadless wild-
lands? 

Relocation of campsites and trails from 
fragile to more durable sites is a management 
action that could fit in well with visitor 
perceptions and attitudes. It can avoid or 
reduce the need for engineering approaches 
that many visitors view as over-development, 
as well as reducing the need for regulations 
on use. More research is needed, however, to 
enable managers to assess fragility and 
durability of different locations, and, 
also, visitors' perceptions of the attract
iveness and acceptability of alternative 
sites, especially campsites. 

Finally, where necessary, visitors by 
and large will accept and generally comply 
with well-founded, well-explained regu
lations and controls designed to reduce 
impacts. 
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ABSTRACT--Impacts from recreational activities on wildlands are of 
increasing concern to resource managers and recreationists. 
Determining the acceptable level of recreation impacts is difficult 
because there are no absolute standards of acceptability. In this 
paper the Outdoor Recreation Opportunity Spectrum is used to 
describe the role recreation impacts play in defining recreation 
opportunities. Noise is used as a case example. 

INTRODUCTION 

Throughout the United States, in
creasing numbers of people are going into 
wildlands in search of outdoor recreation. 
Growth in recreation whether in highly de
veloped and intensively used forest camp
grounds or in wilderness has brought with it 
an increasing concern about associated 
impacts. Managers, users, and researchers 
alike have become increasingly conscious of 
the potential adverse consequences of recre
ation use on vegetation, soil, water, wild
life, and other resources (for specific 
examples, see Downing and Clark, and 
Christensen et al. elsewhere in the pro
ceedings) . 

Although there is a growing concern 
about recreation impacts, it is also clear 
that substantial disagreement surrounds what 
constitutes unacceptable impacts. The pre
sentations and discussions at this con
ference clearly indicate that definitions of 
acceptability depend upon the values and ex
pectations of the person making the judgment. 
A conflict in values seems unavoidable be
cause so many Americans use our wildlands for 
so many diverse purposes. 

In this paper we describe how the con
cept of the Outdoor Recreation Opportunity 
Spectrum (OROS) can be used in making judg
ments about the acceptability of recre
ational impacts. First, we will briefly de
scribe the factors that help define recre
ation opportunities, followed by a dis
cussion of the role which expectations play 
in a judgment of acceptability. In the last 
section of this paper, we show how the OROS 
framework can be applied to minimizing noise 
problems in recreation areas. 

THE OUTDOOR RECREATION OPPORTUNITY SPECTRUM 

The task of assessing potential con
sequences of a variety of recreational 
impacts begins with a definition of recre
ational opportunities. When considering 
outdoor recreation opportunities, people 
must make choices about the types of setting 
in which to recreate, the sorts of activities 
in which to engage, and the kinds of recre
ation experiences to seek. In this paper we 
focus on the setting in which recreation 
occurs. It is our belief that if recre
ationists have information describing the 
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factors which influence or define the range 
of possible settings, they will be in the 
best position to make choices in keeping with 
the experiences they desire to find. We de
fine a recreation opportunity setting as the 
combination of social, physical, biological, 
and managerial conditions that give value to 
a place. Consequently, the role of values is 
central in understanding recreation. 
Different values producing different tastes, 
interests, and preferences lead to diverse 
demands for recreation opportunities that 
array themselves along a continuum or range. 
We and others (for example, Driver and Brown 
1978 and Brown et al. 1978), have found this 
continuum useful for dealing with a wide 
range of value-related management issues 
such as carrying capacity, depreciative be
havior, and recreation impacts. We refer to 
this continuum as the Outdoor Recreation 
Opportunity Spectrum (OROS). It is distin
guished by varying conditions ranging from 
modern and developed to primitive and un
developed, or as Nash (1973) succinctly 
phrased it, "from the paved to the primeval." 

To make practical order out of this, we 
have broken the OROS down into' six factors 
(setting attributes) which influence recre
ation behavior and have management sig
nificance. A more detailed description of 
these six factors may be found in Clark and 
Stankey (manuscript in preparation). These 
factors include: 

1. Access into and within the area, the 
level of difficulty associated with 
access, and the permitted means of con
veyance. 

2. Other non-recreation resources uses 
(timber, mining, etc.). The extent to 
which they are compatible with various 
outdoor recreation activities. 

3. On-site management -- the extent, 
apparentness, and complexity of modi
fication, including the use of exotic veg
etation, landscaping, traffic barriers, 
facilities (tables, toilets, water 
supplies) and others. 

4. Social interaction -- the relative in
tensity of use per-unit area, including 
the level of intergroup contact and the 
space requirements associated with 
different opportunities. 

5. Level of regimentation -- the nature, 
extent, and level of control over recre
ation use exercised by management. 

6. Level of visitor impacts acceptable in 
different opportunities. 

Each of these factors is characterized 
by a range of conditions. For example, 
access ranges from areas where mechanical 
access on wide, paved highways is appropriate 
and in keeping with the opportunity provided, 
to areas where no trails exist and only foot 
travel is permitted. Similarly, the level of 
social interaction varies from where high-
density use is present (as well as appro
priate and expected, such as in some modern 
campgrounds) to places where maximum 
solitude occurs. The point is, these con
ditions by any single or absolute standard of 
appropriateness; rather, the appropriateness 
varies along the spectrum. Well-developed 
roads and large numbers of people with fre
quent contact between parties are not appro
priate in wilderness, yet they can be very 
appropriate in places like beach areas near 
an urban area and highly developed camp
grounds. 

A recreation opportunity setting is the 
result of a specific combination of these 
factors in a particular location. The 
setting may also include a variety of other 
natural features (scenery, landscape, wild
life, mountains, lakes for example). Alter
native combinations of the factors lead to 
different types of opportunity settings 
which give recreationists many options from 
which to choose, in keeping with the exper
ience they desire. Considerations about 
appropriate criteria to apply for any one of 
the factors are largely judgmental; there are 
seldom any absolute standards. But use of 
the OROS in making decisions about oppor
tunity settings forces one to make all con
ditions explicit, which should maximize the 
possibility for all recreationists to find 
the types of opportunities they desire. 

DEFINING ACCEPTABLE VISITOR IMPACTS 

Factor 6, visitor impacts, is an aspect 
of the OROS that is especially critical in 
recreation management. Recreation activ
ities can disturb soil stability, veg
etation, wildlife, water, scenery, and the 
natural quietness of many outdoor environ
ments. In many cases in the past, the 
management response has been for example, to 
regulate, restrict, or prohibit use (or the 
type of equipment), harden sites or install 
protective facilities. But the meaning of 
these management changes is often unclear to 
recreationists. Such actions may have con-
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sequences as disruptive of recreation oppor
tunities and recreationists' experiences as 
do the impacts they are meant to control. 

The assumption implicit in management 
actions to minimize or eliminate impacts from 
recreation activities is that the impacts are 
unacceptable. What has not been adequately 
resolved, however, is what, in fact, defines 
acceptability and to whom. It often appears 
that while impacts of varying degrees are ex
pected and acceptable in other resource uses 
(for example, timber management, mining, 
grazing), a "no impact" standard has been 
prescribed for the management of many outdoor 
recreation opportunities (Burch 1970). But a 
no impact philosophy may be impossible with
out drastic reductions in use in many areas. 

In considering what constitutes appro
priate or inappropriate impact, it is helpful 
to distinguish between the magnitude of the 
impact and its importance. Magnitude refers 
to the quantitative aspects of the phenomenon 
under study such as its frequency and extent. 
Magnitude can be measured reliably by inde
pendent observers and there will be typically 
little disagreement about these measure
ments. Often however, an ex post facto 
approach to establishing magnitude is re
quired and is typically less reliable. 

Importance, on the other hand, reflects 
the value one assigns to some phenomenon such 
as sound, water pollution, soil compaction. 
Importance will vary among individuals and 
over space and time. For example, two in
dividuals observing the same impact with pre
determined magnitude can differ greatly in 
the importance they assign to that impact, a 
difference reflecting their personal value 
system and expectations. The role which 
values and expectations play in defining the 
importance of recreation impacts (or any 
other type of impact for that matter) is de
scribed below. 

Our view of the world around us is 
shaped by deeply imbedded orientations that 
we call values. Values provide an estimation 
of the worth of some object to an individual 
or in a particular situation (Andrews and 
Waits 1978). Although values often are not 
explicitly recognized, they form the base 
from which we develop our concepts of what is 
right and wrong, appropriate and inappro
priate, acceptable and unacceptable. Many of 
these notions "go without saying," that is, 
we don't really stop and think about them, 
where they come from, or what they imply, 
because they are general and, in a sense, 

vague, they are difficult to change. In 
general, we tend to seek out and accept those 
things that we perceive as consistent with 
our particular values. 

In addition, we choose to do things and 
go to places likely to meet our expectations. 
These expectations are a function not only of 
the values we hold, but also of our exper
ience and knowledge. These expectations will 
influence what people define as acceptable or 
unacceptable actions on the part of others. 
Expectations are formed by many factors which 
are either internal or external to the in
dividual. These include the influence of 
family and/or friends, the media, schools, 
available information, personal values, 
personal experience in similar situations, 
and the norms (informal rules) which govern 
appropriate actions in a particular place. 

People have expectations regarding what 
they will find in any particular location. 
And, in a specific situation, people will 
judge the importance of impacts based on 
those expectations. The judgment has two 
possible outcomes: Either the impact in this 
context is acceptable and does not detract 
from their satisfaction; or the impact in 
this context is unacceptable and may lead to 
a decline in user satisfaction and, perhaps, 
a decision not to return to that location in 
the future. A given individual may judge the 
same impact acceptable in one situation but 
unacceptable in another—the judgment de
pends on the context within which the impact 
occurs. 

In addition, people's expectations may 
be either realistic or unrealistic for a 
particular situation. Realistic expec
tations are based on accurate knowledge of 
the purpose of an area and the norms 
operating there. Expectations may change as 
one gains new information and experiences. 
Generally, we might expect to find that 
people with greater experience in an area 
would have more realistic and strongly held 
expectations than the novice. 

Fortunately, the relative importance 
people attach to impacts does not vary 
randomly along the 0R0S. That is, people who 
choose a particular type of opportunity 
(modern or primitive, for example) probably 
hold somewhat similar notions of what is 
appropriate and in keeping with these kinds 
of places. Some of these notions become 
widely and strongly held norms that govern 
behavior and set standards of appro
priateness and acceptability in a specific 
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opportunity setting far more effectively 
than any agency-promulgated rule ever will. 
In other cases, it is less clear what 
specific criteria are appropriate, 
acceptable, or expected. Here our estimates 
must be tentative and open to revision. 

The challenges are then to (1) set 
standards on acceptable impact levels for 
recreation areas, taking expectations into 
account along with other spectrum factors and 
concerns such as other resource values and 
long term goals for the area; (2) provide 
adequate information about what one will find 
there so that users can make choices about 
where to go in keeping with their preferences 
and expectations; and (3) manage and monitor 
the activities and impacts to ensure that the 
situation doesn't change inadvertently, 
thereby adversely affecting the quality of 
the recreation environment. 

We can illustrate the relative nature of 
impacts by considering the issue of noise in 
recreation areas--or more correctly, sound. 
Sound is a physical phenomenon susceptible to 
accurate measurement. Thus, the magnitude of 
sound can be assessed using the physical 
model outlined by Harrison elsewhere in these 
proceedings. But "noise" is an inter
pretation that the magnitude of the sound 
(such as those listed below) has reached 
unacceptable levels; and no absolute 
standards define this level, with the 
possible exception of the threshold of pain, 
a condition generally not present in recre
ation areas. Yet, recreationists' com
plaints about noise are familiar to most 
managers; and there are clearly some common, 
albeit not universally shared notions, as to 
what constitutes noise in certain settings. 

In the following discussion, we offer an 
example of how managers can use the OROS to 
integrate the data supplied by Harrison's 
physical prediction model, so as to keep 
sound within acceptable levels in recreation 
areas. The approach we describe is based on 
state-of-the-art judgments from the best 
knowledge available (from research and 
management experience) at the present time. 
Additional research will be necessary to de
termine how well the concepts we present fit 
reality. 

Some potential sound sources in recre
ation environments are as follows: 

Mechanical 

Vehicles (autos, trucks, motorcycles) 

Airplanes, helicopters 
Other motors (chain saws, generators) 

Non-mechanical 

Human 
Voices (talking, singing, yelling) 
Camp tending (clanging dishes, wood 
chopping) 

Domestic animals (stock, pets) 

Other (radios, gun shots, musical 
instruments) 

Noise Impacts—an Example 

Noise in recreation areas is a concern 
to managers and users alike (Dai ley and 
Redman 1975). The rejection of noise is 
characteristic in all types of recreation 
areas--noise is as inappropriate in a modern 
campground as it is in a remote wilderness. 
The difficult problem, however, is that one 
individual's definition of noise may not be 
another's. Furthermore, definitions of 
noise are a function of more than just 
decibel level; some types of sounds con
stitute noise (that is, inappropriate sound) 
regardless of the magnitude. Even the faint 
sound of a machine might constitute noise in 
a wilderness. In a developed, modern camp
ground the same sound might not be noticed. 

Noise is a characterization of sound in 
a particular context or setting. The appro
priateness of a sound depends upon expec
tations for a particular setting (although we 
recognize one's expectations may themselves 
be inappropriate or unrealistic). Con
sequently, standards regarding the loudness, 
frequency, or duration of the sound, or the 
type of sound that exists, may be inappro
priate if they ignore the setting. There
fore, standards for appropriate sound levels 
in recreation environments should be estab
lished only in terms of specified situations. 

The concepts of magnitude, importance, 
and the OROS provide a useful framework in 
determining when sound becomes noise in 
recreation areas. Present technology allows 
us to determine the magnitude (how loud 
different sounds are at various distances and 
across different terrain). The physical 
model developed by Harrison is an application 
of this technology. The physical model 
provides valuable data because it informs 
managers about the physical consequences of 
sound sources under a variety of conditions 
and the distances required to buffer one area 
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from another. Determining the importance of 
these sounds, however, is not as easy. We 
offer the following approach as a way to 
utilize the opportunity spectrum in this 
task. 

We assume that most people would prefer 
to have a relatively quiet environment, 
whether they favor modern or primitive recre
ation opportunities. But, we also assume 
that people expect that opportunities 
towards them odern end will have a greater 
variety of human-related sounds than oppor
tunities toward the primitive end. The OROS 
framework suggests that a variety of human-
related sounds are not only consistent with 
opportunities towards the modern end of the 
spectrum, but that they are acceptable (and 
perhaps not even noticeable!) to most people 
who prefer those opportunities. Following is 
a proposed typology of appropriateness for 
sounds in recreation areas for four types of 
recreation opportunities. The labels used 
(e.g., modern, semi-modern) are arbitrary. 
Other labels, such as urban, rural, natural, 
could be used depending on individual pre
ference. 

Modern. "Noisy" relative to the full 
range of recreation opportunities. A variety 
of both mechanical and nonmechanical sounds 
are acceptable at levels close to that found 
in urban residential environments. The 
sounds may be of long duration, occur fre
quently, and occasionally be heard during 
late hours of the night. Sounds are 
acceptable well beyond the source. 

Semi-modern. May have the same sound 
sources as in modern opportunity areas; the 
loudness, frequency and duration of the 
sounds are noticeably less. Sound impacts 
are occasionally evident beyond the general 
area of their source. 

Semi-primitive. Have primarily natural 
sounds. Human-related sounds are less fre
quent than in the semi-modern category, last 
for a shorter period of time, and are in
frequent during the night. Sound impacts are 
generally confined to the general area of 
their source. 

Primitive. Generally free from human-
related sounds; the primary sounds are 
natural background sounds such as wind or 
water. Both mechanical and non-mechanical 
sounds are inappropriate in the most 
primitive opportunity areas. Sounds do not 
extend beyond the immediate area of their 
source. 

Even though the presence of a variety of 
sounds may be acceptable, there are norms or 
standards regarding the duration, frequency, 
and timing of such sounds. For some "modern 
opportunities," for example, the sound of a 
chainsaw or motorcycle may be entirely appro
priate. But either sound can be too long or 
occur too often or at the wrong time. That 
is, hearing a motorcycle or chainsaw may not 
be bothersome during the day, but if they 
occur outside your tent at 11:00 p.m. they're 
noise! At the primitive end of the spectrum, 
however, even the faintest sound of a chain-
saw or motorcycle at any time will probably 
be defined as noise and be a serious dis
ruption of the recreation experience. 
Sounds, then, only become noise according to 
the criterion of appropriateness within a 
specified opportunity, rather than at any 
absolute level. Figure 1 combines the char
acteristics of sound sources (frequency of 
occurrence, loudness, and duration) and the 
four opportunity types in a hypothetical re
lationship. 

The following example should be helpful 
in demonstrating how one might evaluate sound 
impacts in recreation areas. For illus
trative purposes, we use U.S. Environmental 
Protection Agency standards for urban 
residential noise as a baseline (see Harrison 
elsewhere in these proceedings). We have 
suggested how standards for four possible 
recreation opportunity types might be estab
lished (see Figure 2). For example, one 
might propose that for "modern oppor
tunities", standards for mechanical and non-
mechanical sounds would be the same as 
regular urban residential standards. How
ever, for "semi-primitive opportunities," 
the standard for mechanical sounds (largely 
inappropriate in such a setting) would shrink 
to 10% of the urban baseline, while non-
mechanical sounds would be 40% of that same 
baseline. In primitive settings, at least 
ideally, mechanical sounds would be non
existent and non-mechanical would perhaps be 
no more than 10%. Table 1 summarizes the 
characteristics of acceptable sounds across 
the four opportunity types. 

To determine whether a sound from a 
specific source will affect a receiver in a 
particular recreation opportunity setting, 
the following steps are suggested. The pro
cedure can be used to evaluate both existing 
and potential source and receiver locations. 

1. Define the recreation management ob
jectives for the area in question in terms 
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Figure 1. An hypothesized relationship of appropriate sound source characteristics and 
the opportunity spectrum 
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Figure 2. Acceptable level of sounds (hypothetical) 

33 



Opportunity 

Modern 

Serai-modern 

Semi- p r imi t i ve 

Primitive 

Type of 
sound 

mechanical 

nonmechanical 

mechanical 

nonmechanical 

mechanical 

nonmechanical 

mechanical 

nonmechanical 

Loudness 

(% urban resi

dent limit) 

100 

100 

50 

75 

10 

40 

0 

10 

Frequency of 
occurrence 

very common 

very common 

common 

common 

infrequent 

common 

never (ideally) 

infrequent 

Duration 

long during the day 

short at night 

long during the day 

short at night 

short during the day 

and night 

long during the day 
short at night 

short during the day 

and night 

short during the day 

and night 

a/A 

short during the day 

(on trails only) 

— These relative limits are used for illustrative purposes only and are based on state-of-the-art 

judgments including past research and management experiences. 

of the recreation opportunity spectrum 
(that is, determine the opportunity 
type--modern, semi-modern, semi-primitive 
or primitive—for which the area is to be 
managed). Once this decision has been 
made, standards specifying acceptable 
sound levels must be developed, such as 
shown in our Table 1. 

2. Identify existing or potential 
locations of sound sources and receiver 
locations. Figure 3 shows a schematic 
drawing relating examples of sound source 
and receiver locations to opportunity 
settings. 

question—that is, determine whether 
sounds from source locations S1-S4 will be 
heard in receiver location R1-R4 in Figure 
3. (Care must be taken to identify 
critical problem spots so that hundreds of 
calculations are not needed to char
acterize an area). 

4. Determine whether the magnitude of the 
sound (loudness) exceeds the standard for 
the opportunity level set by the area's 
management objectives. 

• If not, then no unacceptable impacts 
will occur. 

3. Using Harrison's physical model, 
determine the sound levels at various re
ceiver locations in the area(s) in 

• If yes, then unacceptable impacts will 
occur. The nature of the impact should 
then be further examined to determine 
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Figure 3. Example of a management area showing potential recreation opportunities, 
in relation to planned and existing sound sources, and receivers' locations 

Sound sources: 

51 = trucks, highway traffic 

52 = cycle on road, logging truck 

53 = rock crusher 

54 = cycle on trail 

Rl = recreationist expecting primitive 
opportunity at mountain lake 

R2 = recreationist expecting semi-primitive 
opportunity camped along trail 

R3 = recreationist expecting semi-modern 
opportunity camped along road 

R4 = recreationist expecting modern 
opportunity camped in campground 
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how severe the impacts may be. One 
should determine: 

(1) the duration of the sound, 
(2) the frequency of occurrence, 
and 
(3) its timing (day, night, season 
for example. Such an analysis might 
point out that although the sound 
standards will be exceeded, this 
would occur only' during periods 
when most recreationists are not 
present. 

5. After this has been done and the nature 
of the impacts have been described in 
terms of their variability in time and 
space, then one or more of the following 
options can be considered. 

a. Eliminate or move the source. 

b. Mitigate the sound source by 
buffering, engineering modifications 
of the source, or regulation. 

c. Redefine the area's management ob
jectives, thereby changing the oppor
tunity level to make it consistent with 
the sound source. 

d. Do nothing, thereby accepting the 
consequences of the impact. This might 
change the nature of opportunity, at 
least in terms of sound impacts. 

The manager's decision will require judgment 
as to the consequences and feasibility of 
each option. 

CONCLUSIONS 

The OROS does not represent a good-to-
bad or quality-continuum. Quality recre
ation experiences can be derived from along 
the entire spectrum; they are not restricted 
to those which conform to values tra
ditionally embraced by professionals in 
resource management or by any one interest 
group. Quality is a value judgment; what 
represents a quality experience for one 
person is not necessarily the same for 
another. 

The basic rationale underlying the Out
door Recreation Opportunity Spectrum is that 
quality in outdoor recreation is best assured 
through provision of a diverse set of oppor
tunities. A wide range of tastes and pre
ferences for recreation opportunities exists 
among the public. For those preferring 

solitude and a minimum of contact with 
others, primitive opportunities are appro
priate. For others who seek a chance to meet 
and visit with friends in convenient and com
fortable surroundings, modern auto camp
grounds are preferable. Providing a wide 
range of settings varying in use density, 
level of development, access, and other 
respects ensures that the broadest segment of 
the public will find quality recreational 
experiences they seek, both now and in the 
future. 

It is equally important to understand 
that impacts from recreational activities 
constitute only one of many factors that 
define opportunity settings. In some in
stances, recreation impacts may be the 
limiting factor in determining what recre
ation activities are possible and in what 
amount for certain places. In other cases, 
other factors may take precedence. Planners 
and managers must make these judgments on a 
case-by-case basis. 

When evaluating the meaning of impacts, 
determine their magnitude as well as their 
importance. Although an objective method can 
be used to determine the magnitude of impacts 
(for example, the decibel level for sound, 
and the coliform count for water quality), 
estimating the importance of the impact is 
not as easy. Here, value judgments enter 
into the question, and considerable differ
ences of opinion can occur between managers 
and recreationists as to what constitutes un
acceptable impacts (for example, see Clark et 
al. 1971). When making these judgments, use 
of the Outdoor Recreation Opportunity 
Spectrum is useful because it recognizes that 
impact is a relative rather than an absolute 
concept and that what constitutes un
acceptable damage in one opportunity setting 
may be acceptable and appropriate elsewhere 
along the spectrum. 

RESEARCH NEEDS 

The approach for determining the 
meaning of recreation impacts described in 
this paper is based on state-of-the-art judg
ment and combining findings from past 
research with management experience. As 
such, the guidelines described are ten
tative; further research is required to de
termine how well they can be generalized. 
Some questions needing additional study are: 

1. What impacts are most disruptive to 
recreationists' experiences? At what 
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magnitudes? Do these vary across the oppor
tunity spectrum? 

2. Are specific sounds equally annoying 
at the same magnitude across the opportunity 
spectrum? Or does annoyance vary by the type 
of source and recreationist? 

3. What specific standards are appro
priate for each opportunity type? For 
various sound sources? 
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INTRODUCTION TO RESEARCH FINDINGS: SUMMARY SESSION 

James K. Agee 
Research Biologist and Assistant Professor 

National Park Service Cooperative Park Studies Unit 
College of Forest Resources, University of Washington 

A Research Findings Summary Session was 
held at the conference immediately after the 
research findings sessions on Vegetation, 
Soil, Wildlife, and Air-Water-Noise. 

The purpose of the session was two-fold: 
to summarize the findings of the individual 
sessions, and to provide a forum specific to 
the research portion of the conference. Most 
of the discussion, however, concentrated on 
the role of the scientist in a research-
manager-user context. 

This summary precedes the specific re
search papers in the Proceedings because of 
its significance in interpreting the role of 
research and researchers in wildland recre
ation impact solutions. 

Two introductory comments are in order. 
Because the Conference focused on biological 
and physical impacts, there is an unfortunate 
but unavoidable concentration on the natural 
sciences. Social science information is 
necessary to fully understand impact 
patterns, and,, as this session indicated, to 
clarify the relationship between re
searchers, managers, and users. This summary 
was compiled from a transcript of the tape-
recorded dialogue, and the ideas are those of 
the participants. Because the concepts and 
ideas have been edited and rearranged for a 
more coherent presentation, specific par
ticipants have not been identified. 

The liveliest discussion of the Session 
revolved around how recreational impact 
scientists relate or fail to relate their 
findings to managers and users. This topic 
is certainly not a new or unusual one and 
could have been expected to surface here. 
The discussion identified two researcher 
weaknesses: (1) a failure to successfully 
communicate findings to managers, and (2) a 
lack of ability or unwillingness to gen
eralize from findings. 

The failure to communicate was charac
terized by the concentration of research in
formation in the written word: bulletins and 
professional papers, for example. There was 
general agreement that publication, in and of 

itself, is not a sufficient communication de
vice. Though, for a variety of reasons pub
lications are an essential part of the re
search process, they must be supplemented by 
an interpretation of findings in manager or 
user languages. This interpretive function 
works best if the people involved shed their 
institutional roles and deal with each other 
on a personal level. Managers often are 
viewed as crisis oriented, operating by 
"seat-of-the-pants" logic, while researchers 
are incapable of seeing beyond their "ivory 
towers." Researchers and managers commu
nicate best when these stereotypic im
pressions of each other are left behind. 

Three ideas were presented as a positive 
approach to bridging the various gaps and 
occasional chasms between the conduct of re
search and its application in a manager-user 
context. The first was that researchers 
should allocate a proportion of their time, 
perhaps between one-third and one-fifth, to 
interpreting the results of research. 
Secondly, managers and users should go to re
searchers familiar with their subject area of 
interest and ask questions. This active, 
personal approach is viewed as the best way 
to stimulate researchers to communicate in 
understandable terms. If the questioner is 
persistent, he or she can usually obtain an 
excellent state-of-the-art interpretation. 
Finally, managers should use communication 
specialists to translate research findings 
from the management plan phase to the 
application phase. Most land management 
agencies are not currently using people who 
are trained professionals in communication, 
and often the failure to apply recreational 
impact research findings can be traced to in
effective communication to the user level. 

The lack of generalization of research 
results was the other problem recognized in 
the recreational impact research discussion. 
Managers are often forced to deal with a 
variety of environments and an excess of day-
to-day problems. They cannot afford to do 
research on administrative problems, and 
even if they could, interim management 
decisions still would be necessary. User and 
manager comments tended to favor a heavily 
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weighted management orientation to research. 
Researcher comments stressed the variability 
of systems as a barrier to gross general
izations, and the fact that basic research 
will define principles from which the best 
generalizations can be drawn. These 
attitudes at first glance reinforce the 
stereotypic characteristics of researchers, 
managers, and users, but perhaps more 
importantly they reflect a significant 
underutilization of research information 
that now exists. 

There is a tremendous amount of uncon
nected research on recreational impacts that 
is impossible to digest in its present form. 
However, if a researcher begins to catalog 
this material in some sort of conceptual 
framework, consistent relations will often 
appear in the information. This consistency, 
if it exists, may require cataloging several 
hundred pieces of information. There was no 
agreement in the discussion on an appropriate 
conceptual framework. Habitat types were 
suggested as a framework by one participant, 
but were noted by another person to be much 
more floristically than edaphically con
sistent and, therefore, not a sufficiently 
uniform framework from which to generalize. 
The framework may differ from area to area or 
agency to agency, but its purpose is clear: 
to allow the analysis of existing information 

and provide a means of identifying where 
future research should be concentrated. Con
ceptual models can often evolve to predictive 
models. 

The generalization of research findings 
is closely related to the interpretive role 
of the scientist. If a state-of-the-art gen
eralization can be coherently defined by the 
scientist for the manager or the user, this 
communication can create a supportive atmo
sphere for future basic or applied research 
by the scientist. It tells the people who 
will use or be affected by this information 
why new research is needed, and how it will 
fit into the existing information matrix 
which serves as the biological basis for 
management. 

The following papers illustrate the 
range of physical and biological research 
projects that are attempting to find answers 
to wildland recreation impact issues. They 
range from conventional to highly innovative 
approaches to problems. The completion of 
such studies, however, is only one link in 
the process of finding solutions to impacts. 
The Conference audience indicated that a 
mutual interaction between researchers, 
managers, and users was a high priority item 
for resolution in recreational impacts. 
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ROLE OF SOIL RECONNAISSANCE SURVEYS IN 
PREDICTING USE-IMPACT SUSCEPTIBILITY OF WILDLANDS 

T. M. Ballard 
Associate Professor 
Department of Soil 

University of British Columbia 
Vancouver, Canada 

ABSTRACT--Examples from Kluane National Park, in southwestern 
Yukon Territory, illustrate the uses of a soil reconnaissance 
survey in a wildland recreation area. Such information as slope, 
mode of deposition of material, organic versus mineral soils, soil 
organic-matter content, and occurrence of wet soils, salinity, thin 
soils over bedrock, loess, and permafrost can have considerable 
interpretive value in terms of recreational suitability and impact 
susceptiblity. Reconnaissance surveys are inexpensive, but yield 
maps of limited detail, inappropriate for highly site-specific 
application to a very small area. They are of value in planning the 
broad outlines of recreational development and management, 
identifying sites or routes where collection of more detailed soil 
information may be appropriate, and identifying areas where 
specific recreational uses should be limited. 

Soil properties influence both the 
suitability of sites for specific recrea
tional uses and the susceptibility of sites 
to recreational impacts (Montgomery and 
Edminster 1966). Information about soil 
properties and their geographic distribution 
can assist in development planning as well as 
management of a recreation area. Such infor
mation is contained in soil survey reports. 
Detailed surveys are too expensive for large 
wildland areas. The practical alternative is 
a low-intensity survey, commonly called a 
"reconnaissance survey". 

The objective of this paper is to illus
trate the nature and information content of a 
soil reconnaissance survey and its interpre
tations for predicting recreational suit
ability and impact susceptibility. Although 
such surveys may vary in many respects, a 
single example will serve the purpose of 
il lustration. 

The example considered here is the soil 
survey of Kluane National Park (Ballard and 
Otchere-Boateng 1977), in the St. Elias Moun
tains of southwestern Yukon. Most of the 
park area is occupied principally by rock and 
ice, and is too remote for heavy recreational 
use and significant recreational impact to be 

anticipated except along a few popular 
climbing routes. A portion of the park--
about 3000 square miles--contains a con
siderable area of soil and vegetation. It 
provides important wildlife habitat and may 
be locally subject to intensive recreational 
use in the future. 

A soil reconnaissance survey of this 
3000-square-mile area was carried out by a 2-
to 3-man crew over two 10-week field seasons, 
and soil maps were produced at a scale of 
1:50,000. Map units were initially differ
entiated and characterized as terrain units. 
Major terrain factors, interpreted from 
aerial photographs, included topography 
(slope, aspect, and elevation), landforms 
and erosion features (indicating texture, 
mode of deposition, and depth to bedrock of 
soil materials), and vegetation type (indi
cating, for example, drainage, local cli
mate, successional stage). Occasionally, 
such factors as lithology and the presence of 
calcareous materials could be inferred. The 
air-photo information was supplemented by 
such other information (e.g., geologic 
survey reports) as could be obtained for the 
survey area. 

45 



Each kind of terrain unit was field-
checked. The first part of a field check 
consists of verifying the characterization 
of the terrain unit. Ground observation is 
used to improve the quality of photo inter
pretation. The second part of the field 
check consists of characterizing the soils of 
the terrain unit so that it can serve as a 
soil map unit. In the mountainous terrain of 
Kluane National Park, the smallest unit 
mappable at 1:50,000 inevitably contains 
more than one kind of soil. Thus the soil-
map unit represents a complex of associated 
soils which forms a repeating element in the 
landscape pattern. Ideally, the field check 
is repeated several times elsewhere to 
confirm the soil characterization of a par
ticular kind of map unit. However, the low 
intensity of a reconnaissance survey 
severely limits such verification. Thus it 
can only be inferred that similar map units, 
not subject to field checking, possess a 
similar complex of soils. 

Such an inference assumes that the char
acteristics of a soil complex are very 
strongly correlated with the terrain 
features used in differentiating the map 
unit. The underlying rationale is that soil 
properties are known to reflect the inter
action of environmental factors, such as 
climate, organisms, topography, and parent 
(geologic) material acting over time (Jenny 
1941; Buol et al. 1973). Thus, where such 
factors, indicated by terrain features, are 
similar, soils can be expected to be similar. 
Where any such factor changes substantially, 
as at a landform boundary, there is likely to 
be a significant soil boundary. 

Compromise is inevitable in the choice 
of map scale and in the symbols which label 
each map unit. The park planner interested 
in an overview of a large area may be over
whelmed if detail is excessive; the park 
manager concerned with problems at a single 
campsite will be disappointed if detail is 
scanty. To some extent, such conflicts can 
be resolved with different maps, and at 
different scales containing different 
amounts of detail. However, maps produced in 
reconnaissance surveys seldom provide site-
specific interpretations for small areas. 
Their information content seldom justifies 
scales larger than 1:50,000. Map-unit 
symbols for the Kluane soil survey convey 
only a minimum of detail (Figure 1). Soils 
of dominant and subdominant materials are 
included, separated by a horizontal line. 
The first letter symbol describes the kind of 
material, e.g., "M", morainal; "C", 

Figure 1. Example of map unit symbols, 

Kluane National Park soil survey 

colluvial. Numerals broadly describe soils 
in terms of pedogenetic classification," 
according to the recent Canadian system 
(Canada Soil Survey Committee 1974). For 
example, the numeral 1 designates Regosols 
(mineral soils lacking a B horizon); 2 
designates Alpine Eutric or Dystric 
Brunisols, which possess a weakly developed B 
(cambic) horizon. The minor soils are in 
parentheses. Lower-case letters are 
modifiers, connoting additional soil 
characteristics. The final symbol, 
following a sloping line, is an upper-case 
letter denoting the broad slope class which 
applies to that material in the map unit. 
The "M" represents 9-30% slopes, "S" 
represents 30-60% slopes. 

A soil scientist could provide the land 
manager with several interpretations if the 
soils could be more closely defined taxo-
nomically. The modifier symbols make this 
possible. Table 1 shows the taxonomic 
significance of some modifiers which might be 
used with the numeral 1, the Regosols. The 
"n" signifies that the Regosols contain 
little organic matter near the surface, "h" 
signifies more abundant organic matter, "k" 
signifies the presence of calcareous 
materials, and "c" signifies that permafrost 
is present. As seen in Table 1, the modi
fiers often permit classification at soil 
subgroup level in the U.S. taxonomy (Soil 
Survey Staff 1975) and in the Canadian 
system. 

The map-unit symbols also enable more 
direct interpretations related to recre
ational suitability and recreational im
pacts. For example, the kind of material 
conveys information concerning particle-size 
distribution of soils, information which can 
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Table 1. Regosol taxonomy in relation to "modifier symbols" used on soil 
maps of Kluane National Park 

Modifier 
Symbols 

n, kn 
h 
hk 
en, ckn 
ch 
chk 

Canadian 
Taxa (1974) 

Orthic Regosol 
Orthic Regosol 
Orthic Regosol 
Cryic Regosol 
Cryic Regosol 
Cryic Regosol 

U.S Taxa 
(1975) 

Cryorthent 
Entic Cryumbrept 
Cryic Rendoll 
Pergelic Cryorthent 
Pergelic Entic Cryumbrept 
Pergelic Cryoborol1 

be used for engineering purposes in planning 
trail and road systems. For example, 
morainal materials (Table 2) are somewhat 
variable, but normally fall within a certain 
limited range of classes in the Unified 
Classification System, used by engineers 
(U.S. Waterways Experiment Station 1953). 

would want more precise particle size 
information before selecting a suitable road 
location. Such precision requires higher 
intensity of survey than can be obtained in a . 
reconnaissance survey. Yet the latter has 
considerable value for planning of road 
systems. The park planner and engineer 

Table 2. Some engineering interpretations for morainal materials, Kluane 
National Park 

At Kluane Park, the silty and clayey gravel 
classes and their intergrades with well-
graded gravel are especially common among 
morainal materials. For road construction, 
these are usually good as subgrade material; 
the intergrades are good to excellent for 
surfacing unpaved roads, but the silty and 
clayey gravel classes are poor. Morainal 
materials pose drainage problems in some 
areas, and the silty gravels are particularly 
susceptible to frost heaving. Of course, 
additional engineering interpretations could 
be made from other map-unit symbols, such as 
those denoting organic soils, permafrost, 
and slope class. Although the material 
symbol alone conveys some useful 
information, the example given here shows 
that it lacks precision in distinguishing 
some of the Unified classes. The engineer 

looking at alternative transportation 
corridors may use the reconnaissance survey 
to identify clearly unsuitable routes, and 
thus trim the list of candidate routes for 
which more detailed survey information might 
be obtained before making a final choice. 

Soil erosion is sometimes an impact of 
heavy recreational use. The map-unit symbols 
designating kind of material and slope class 
permit an approximate estimate of erosion 
risk. For example, most morainal soils on 
slopes of 9-30% (M.../M map units) may be 
assigned a low erosion risk. Some exceptions 
to this generalization are associated with 
certain modifier symbols (Table 3). Where 
permafrost occurs, erosion risk is higher 
because meltwater is perched o\/er the frozen 
layer, contributing to the likelihood of 
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Common Unified 
Classes (U.S. W.E.S. 1953) : GW-GM, GW-GC, GM, GC. 

As subgrade material : Most are good. 
For road surfacing : GW-GM, usually good; GW-GC, usually excellent; 

GM and GC, poor. 
Drainage : Poor in some areas 
Frost-heave susceptibility : High for GM 



sol ifluction and/or surface runoff. A 
superficial loess layer is more erodible than 
most morainal materials. Soils with low 
organic-matter content are likely to be 
poorly aggregated and hence less erosion 
resistant. 

The numerals in the Kluane map-unit 
symbols, which denote major taxonomic groups 
of soils, have some significance in relation 
to recreational suitability and impact sus
ceptibility. For example, certain numerals 
represent the Gleysolic and Organic soil 
orders. These soils occupy wet sites, so 
that trafficability is poor and deteriorates 

reducing soil aeration and impairing growth 
of the natural vegetation of such soils. 
However, the trafficability problem is less 
severe than on Organic or Gleysolic soils, so 
gleyed soils can usually withstand very light 
traffic, e.g., dispersed backcountry re
creation, without perceptible impact. 

An "r" modifier denotes occurrence of 
bedrock near the soil surface (lithic soil 
subgroups) within the map unit. (However, 
because of the scale of mapping, there may 
also be large areas of deeper soils included 
in the map unit.) Bedrock near the surface 
suggests limitations in terms of road and 

Table 3. Erosion risk ratings for morainal soils on 9-30% slopes, Kluane National 
Park 

/l If more than one modifier symbol characterizes a map unit, the highest of the 
corresponding ratings is applied to the map unit. 

rapidly under use. Such soils should normally 
be avoided for roads, trails, and structures 
and are poor for sewage disposal. If they 
would tend to attract very much use, it may 
be desirable to avoid developing or en
couraging access to them. 

Some modifier symbols are particularly 
useful in relation to impact susceptibility. 
For example, an "s" symbol denotes saline 
soils. In some places, these develop white 
surface crusts of salt during dry periods. 
Recreational traffic can be esthetically un
desirable because of the tracks which develop 
on the salt crusts; it can also be eco
logically undesirable because of impacts on 
the sparse and rather unique vegetation of 
the saline soils. The impact problems are 
aggravated by the poor trafficability of the 
fine-textured soils during wet periods. 

A "g" symbol designates occurrence of 
gleyed subgroups of various mineral soils, 
e.g., Regosols or Brunisols. These occur on 
moderately wet sites which normally should be 
avoided by roads and trails because of poor 
trafficability. Traffic on these moderately 
wet soils may break down soil structure, 

trail locations, campsite suitability, 
sewage disposal, erosion following site dis
turbance, and slow and incomplete recovery 
from the impacts of over use. 

The "c" symbol, indicating presence of 
permafrost, and the "h" and "n" symbols, 
denoting presence versus absence of sig
nificant soil organic matter, have already 
been mentioned. Except in early primary 
succession on recently deposited materials 
(e.g. Dryas drummondii on new alluvial fan 
deposits) an absence of vegetation is usually 
well correlated with the "n" symbol. A well-
drained soil designated "en" (which might be 
found in a high alpine area) may be very 
resistant to recreation impact. There is 
little or no vegetation to be disturbed, and 
the permafrost is unaffected by recreational 
use. A soil designated "ch" (which might 
occur under meadow vegetation in a low alpine 
area) is likely to be very susceptible to 
recreational use. The vegetation and the 
soil organic-matter content protect the soil 
from deep summer thawing. Vegetation damage 
from use (e.g., as a campsite) may allow sub
stantial thawing, turning the soil to a muck, 
forcing recreational activity onto adjacent 

48 

Modifier Symbol Erosion Risk Rating— 

c (permafrost) high 
e (loess cap) moderate 
n (low organic content) high 
other low 



undisturbed sites, and quickly spreading the 
area of impact. Traffic can have a similar, 
but more serious effect. A trail along a 
slope where soils are characterized by "ch" 
symbols is likely to become a deeply incised 
streambed after thawing and subsidence. 

The map-unit symbols used in the soil 
survey of Kluane National Park are unique to 
that survey. But the information content of 
the soil maps and survey report is comparable 
to that of other surveys of very low in
tensity. With increasing survey intensity, 
the maps and reports would contain more kinds 
of information and greater precision, and 
thus facilitate interpretation for more 
varied application. 

The examples given illustrate that sus
ceptibility to recreational impacts and 
limitations on recreational suitability can 
often be predicted from soil-reconnaissance 
survey information. Such surveys, being in
expensive to produce and suitable for large 
areas, are particularly appropriate for 
recreational wild lands. Yielding maps of 
limited detail, they lack the information 
needed for highly site-specific application 
to a very small area. For wildland rec
reation, their greatest value is in planning 
the broad outlines of recreation development 
and land management, in identifying sites or 
routes where collection of more detailed in
formation may be appropriate, and in 
identifying areas where certain uses should 
be limited. 
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DISCUSSION 

Comment: Have you considered the possibility 
of correlating your soil units with 
vegetation units and then proceeding in more 
intensive or more detailed surveys without 
the pick and shovel, but using only 
vegetation? 

Ballard: In fact, the survey program of 
Parks Canada does involve a reconnaissance 
survey of plant communities (and wildlife and 
aquatic systems) as well as soils. Because 
of the low intensity of the soil survey, veg
etation units, along with landforms and other 
features, serve as important indicators of 
soil units. In the long run, as one develops 
familiarity with the area, one becomes better 
able to use vegetation units as an indicator 
of soil conditions. However, vegetation may 
not be an adequate indicator of some soil 
properties which may be of interest in a de
tailed soil survey. 

Comment: After your paper, you showed a 
couple of slides illustrating the effect of 
nutrients on soils of the Polar Desert. Have 
you given any thought to why such an impact 
should be prevented, other than on a purely 
theoretical basis of keeping things the way 
they are? 

Ballard: One of the attractions of the Polar 
Desert is its uniqueness. If people travel 
thousands of miles to see it, they pre
sumably want to experience it free of the 
artifacts of occupation by modern man: free 
of the artifacts of recreational use. The 
slides showed that nutrients from a muskox 
carcass enabled abundant vegetation to grow 
on a site which previously lacked plants. 
More is involved than vegetation. Birds and 
grazing animals are attracted to such a site, 
and predators such as foxes are attracted by 
the lemming population which the vegetation 
supports. Analogous changes can be expected 
where nutrients are introduced in litter, 
garbage, and sewage on a recreation site. 
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THE USE OF SOILS INFORMATION FOR DISPERSED RECREATION PLANNING 

R. E. Leonard 
Project Leader 
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Landscape Architect 
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Durham, New Hampshire 

ABSTRACT--Planning for dispersed recreation areas requires 
information on soil conditions. However, these conditions vary and 
are often site-specific, and available soil inventories and mapping 
techniques may not be adequate. Various soil properties and their 
application to planning for dispersed recreation areas are 
discussed. 

INTRODUCTION 

All land use activities, from highway 
construction to farming, require con
sideration of the earths soil material. 
Soils differ in suitability for various land 
uses because they react differently to 
various physical stresses. Consequently, 
soil conditions may pose specific design re
quirements for specific land uses. Though 
their effect is slight compared to highway 
development, dispersed recreational activi
ties interact with soil conditions and re
quire consideration of soil limitations. 

Under the Resources Planning Act of 
1974, Forest Service managers were given the 
responsibility of providing more wildland 
areas for dispersed recreational use, and 
protecting forest resources from physical 
degradation. 

Unfortunately, there is little infor
mation on the capacity of forest lands to 
endure the impacts of recreational use; thus, 
forest managers have been wary of developing 
design requirements for dispersed sites. As 
a result, the past use of wildland areas has 
not always been compatible with the dura
bility of the land. 

Physical degradation of campsites and 
trails has been documented for many regions 
of the United States. The forest floor is 
trampled within concentrated areas, and the 
soil undergoes compaction. Part of the vege
tation overstory is lost to root damage and 
firewood scavenging. Groundcover vegetation 
and litter is almost totally removed after 
light to moderate use of campsites and trails 

(Frissell and Duncan 1965; Dotzenko et al. 
1967; Merriam et al. 1973; Bogucki et al. 
1975; Legg and Schneider 1977; Young 1978). 
The bare soil has a greater potential for 
soil erosion by rainfall impact and runoff. 

Campsites located on shallow soil, such 
as those near mountain summits or near pond 
shores, have recently been plagued by 
problems of human waste disposal. Heavy use 
at such sites has created more human waste 
than can be assimilated by the soil. 

Profile measurements have been made on 
trails in the Northeastern United States by a 
transect method that measures changes in 
ground surface (Leonard and Whitney 1977). 
Net soil losses from erosion can be estimated 
from changes in trail depth and width. 
Moderately heavy-use trails ascending 
mountain slopes have been found to have 
significant soil losses. For example, after 
three years of transect measurements on 
moderately steep trails (15 to 45 percent) in 
the Green Mountains of Vermont, average trail 
cross-sectional area change (soil loss) was 
found to be 120 cm2 per year (this is an 
average depth loss of 1.7 cm per year). 
These losses are of mineral soils from 
unvegetated trails having minimal natural 
litter cover. 

In the Adirondack Mountains of New York, 
the change in trail depth was 1 inch (2.5 cm) 
per year on midelevation trails of moderate 
slope gradients (14 and 21 percent) in a 
paper birch or a spruce-fir forest 
(Ketchledge and Leonard 1970). For 
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in Wyoming. Forest trails have lost 11.7 cm 
per year and meadow trails have lost 7 cm per 
year (Dale and Weaver 1974). 

Where interest or time and money have 
been available to forest districts and 
private mountaineering clubs, some very 
energetic maintenance projects have been in
itiated to reduce degradation on existing 
recreation sites. For example, in the White 
Mountains of New Hampshire, heavily used 
trails ascending steep slopes have been abun
dantly rock-stepped to retain loose soil and 
keep the hikers off the bare soil. Overnight 
sites that showed signs of severe compaction 
and destruction of vegetation have been 
closed and revegetated or "hardened" to with
stand continued use. Human waste at some of 
the popular high-elevation shelter sites is 
no longer buried in the shallow soils, but is 
composted at the site or flown out by hel
icopter. 

As the costs of maintaining some of the 
older campsites and trails rise, the desire 
for more sophisticated site planning infor
mation also increases. Factors affecting 
site tolerance to recreational impacts need 
to be identified more clearly. One of the 
factors that plays a role in site tolerance 
is soil condition. 

Soil condition may not be a limiting 
factor in site selection but it may restrict 
the type of use that can be allowed or the 
types of facility and maintenance that may be 
required to handle the use. In this paper we 
define soil behavior criteria relevant to 
dispersed recreation needs, and discuss soil 
properties that affect these soil behaviors. 

SOIL RESOURCE 

To geologists, botanists, and soil 
scientists, the term "soil" has different 
meanings and encompasses different layers of 
the earth's surface. Soil is formed from 
mechanical and chemical weathering (or 
breaking apart) of rock materials. Some of 
this material remains in place over the 
parent rock; some is transported by gravity, 
water, ice, or wind to new locations. All of 
the loose material above the bedrock is 
called "regolith." The upper layers of loose 
material, which are a mixture of weathered 
minerals and rock and decaying organic 
matter, are called "soil." It is this 
material that supplies mechanical support 
and nutrients for plant growth (Figure 1). 
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comparison with soil erosion losses from 
other nonurban land uses, the measured trail 
changes have been converted to average soil 
losses per acre per year: 

. Average annual erosion rate for Eastern 
United States --

1 / 
0.5 to 0.6 ton/acre/yr-

. Forest land, unharvested --

0.04 ton/acre/yr-7 

. Forest land, harvested in a well-managed 
eastern forest --

0.05 to 0.10 ton/acre/yr-7 

. Forest land, harvested (national 
average) --

2/ 
18.8 tons/acre/yr-

. Cropland (national average)--
2/ 

7.5 tons/acre/yr-

. Moderate use trail in the Green 
Mountains, Vermont (average trail cross-
sectional 120 cm2 per year) — 

8/ 
1.4 tons/acre/yr-

. Heavy-use trail in Adirondack Mountains, 
New York (Average trail soil lowering of 
2.5 cm per year) --

2.8 tons/acre/yr-7 

Gully erosion from a heavily used wild-
land trail is not as great as sheet or rill 
erosion from agricultural lands, but it is 
much higher than normal erosion from 
unharvested forest lands. Even greater trail 
erosion has been measured on the combined 
horse and foot trails in the Rocky Mountains 

-7From: Patric 1976. 

-7From: US EPA 1973. 

3/ 
—Theoretical calculation for a trail 
crossing one square acre (about 62 m (208 
ft.) long) with uniform soil depth loss over 
this trail length. Soil bulk density of 
coarse sand (1.8 g per cm 3), characteristic 
of the trail surfaces, was used for a weight 
measure. For the Adirondack trail, the 
volume loss was calculated for a 90 cm (3 
ft.) wide trail corridor. 



Figure 1. Soil p ro f i le layers 
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Soil composition varies considerably 
among regions of the country. Five major 
factors affect the type of soil which is 
formed. 

1. Climate, through temperature and 
precipitation, affects the type of 
weathering that occurs and the type and 
amount of minerals that are leached 
through the ground. 

2. Topographic condition, for example, 
slope aspect, gradient, and position, 
affects the amount of moisture in the 
ground and the velocity of surface runoff 
of water and soil. 

3. Rock material and mineral composition 
affect the mineral content of soils, the 
physical properties of soil, and the plant 
nutrients avai Table. 

4. Vegetation and other living organisms 
affect nutrient and moisture availability 
as well as soil structure. 

5. Time--modifies all of these 
processes. 

The regolith material undergoes contin
ual modification and the soil profile that 
is formed is a reflection of the types of 
physical processes that have been active. 
Distinct soil layers and sublayers (called 
horizons) develop in many soils. Soils of 
the cool-humid regions have the most mature 
or distinct horizon developments (Bridges 
1970). In general, most soils have four 
layers. 

1. An upper layer of organic material 
which is dark and includes litter, 
fermented litter, and decomposed organic 
matter (humus). This layer is absent in 
polar and arid regions, which support 
little vegetation. 

2. A layer of mineral soil in which 
nutrients from the organic material and 
minerals from the soil rock fragments are 
leached downward (called "zone of 
leaching" or eluviation). The types and 
quantities of minerals and nutrients that 
are leached out depend on the climate of 
the region. Greater precipitation causes 
more leaching; higher temperatures 
promote greater decomposition of organic 
materials. 

3. A layer of mineral soil in which the 
minerals leached from above accumulate 

(called the "zone of accumulation" or 
illuviation). Again, the types of 
minerals here are determined by the 
climate of the region. 

4. A zone of maximum leaching depth and 
least weathering, which is the transition 
zone between the lower mineral layer of 
high clay content and the underlying 
bedrock. 

SOIL CAPABILITIES FOR DISPERSED RECREATIONAL 
IMPACTS 

Soils differ in texture, structure, and 
physical-chemical composition, and respond 
differently to forces of gravity, surface and 
subsurface water flow, wind, and compaction. 
The ability of soil to support plant growth 
also varies widely. 

The ability of the soil to support 
certain activities must be assessed for any 
land use development. For dispersed recre
ation activities, including trails and over
night camping, some soil conditions with
stand the impacts of trampling, scuffing, and 
human waste disposal better than others. The 
physical capabilities of soils that should be 
considered for wildland site planning can be 
categorized as follows: 

1. The ability of the soil to drain. 
This affects the extent of potential 
damage and, thus, maintenance needs at 
campsites and trails. Hikers tend to seek 
drier grounds; in so doing, they wear down 
trail edges and enlarge campsite areas. 
Soil drainage also is important for human 
waste disposal. Poorly drained soils 
inhibit the activity of soil organisms 
that is necessary for the aerobic decom
position of human waste. 

2. The ability of the soil to resist ero
sion. Eroded soil affects the condition 
of trails and overnight sites. Soil 
erosion alters the soil profile as it 
wears away the surface organic matter and 
humus, and exposes the mineral soil to the 
forces of erosion (raindrops and 
trampling). The subsurface mineral soil 
will become nutrient deficient. The 
vegetation that can be sustained on the 
surface will be adversely affected (Wilde 
1958). 

3. The ability of the soil to support 
plant growth. The ease with which soil 
can be stabilized at campsites and 
adjacent trail edges is strongly affected 
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by the potential for rapid plant growth. 

4. The ability of the soil to promote 
decomposition of human waste. At 
dispersed overnight sites where special 
human waste facilities are not provided 
and the cathole method of waste disposal 
is used, the soil must be able to 
decompose the waste fairly quickly. 

Site characteristics that affect the four 
soil capabilities have been summarized in 
Tables 1 through 4. The information in the 
tables was compiled from soil texts and re
search studies of changes in soil from recre
ational use. The information is not intended 
to address soil conditions for a specific 
region of the country. Rather, it is meant 
to provide an overview of the kinds of soil 
information that managers and recreation 
researchers need for analysis in their 
particular region. 

Agricultural soils have been studied 
extensively, particularly for erodibility 
and fertility. Civil engineers have studied 
soils for properties affecting highway and 
urban development needs. The research in 
these disciplines has provided most of our 
current knowledge of soils. The physical 
processes at work on forest and mountain 
soils--soils characteristic of most of our 
wildland areas--are similar; however, the 
soil composition and texture are often quite 
different. Few quantitative studies have 
been made on the response of forest soils to 
recreation activities. Where some studies 
have measured the change in one or two soil 
variables, the amount of change has not been 
related to a quantifiable change in soil be
havior. Given these limitations, the tables 
provide qualitative relationships between 
soil characteristics and expected soil be
havior. 

FACTORS AFFECTING SOIL CAPABILITIES 

The soil capabilities for dispersed 
recreational use are affected by (1) various 
soil properties; (2) the climate of the 
region; (3) the topographic location of the 
soil; and (4) the vegetative cover. In many 
cases, the latter three factors have an over 
riding influence on soil behavior, and 
differences in soil characteristics are in
consequential . 

Numerous studies of soil erosion on 
agricultural lands indicate that ground veg
etation and litter cover have the greatest 
effect on reducing soil loss (Wischmeier and 

Smith 1965). The erodibility of loam soils 
on high-elevation rangelands in Utah was 
found to be affected primarily by the percent 
of ground covered by plants and litter. 

The effect of cover was greatest on 
steeper slopes (Meeuwig 1971). Severe trail 
erosion in Idaho and Montana seemed most 
highly correlated with vegetation habitat 
and slope. Steep trails through subalpine fir 
on coarse, dryish soils showed the highest 
soil loss, and low-gradient trails through 
western red cedar stands on boggy soils 
showed severe gully erosion (Helgath 1975). 

On barren soils, conditions typical of 
trails and campsites, the erodibility of 
mountain soils has been found to be affected 
most by slope gradient and rainfall inten
sity. Simulated rainfall studies on coarse, 
gravelly, sandy soils and a clay soil taken 
from high-elevation Rocky Mountain forest 
areas, showed that 90 percent of the variance 
in soil erosion loss was due to slope and 
rainfall intensity (Farmer and VanHaveren 
1971). 

The effect of slope gradient and length 
on soil erosion during rainfall has been 
studied using controlled situations of 
barren soil over uniform slopes. Slope 
gradient has been found to have the most sig
nificant effect on soil loss. For soils of 
medium texture, doubling slope increases 
soil loss by two to three times. Increasing 
slope length also increases soil loss, but 
the effect is less significant (Baver 1956). 

Soil properties 

Four soil properties that seem to have a 
significant effect on soil capabilities for 
dispersed recreation are texture, structure, 
organic content, and depth to pan layer. 

Soil texture. This is defined as the 
relative proportions by weight of different 
sizes of particles in a soil. Soil particles 
have been classified by diameter size. The 
broadest classes from large to small are 
gravels, sands, silts, and clays. The coarse 
sands are irregularly shaped or spheroidal 
and the fine clays are platelike in shape. 

Soil textures differ in physical be
havior. Finer textured soil can hold more 
water and mineral elements (called cations), 
which are essential to plant growth (Brady 
1974). As particle size decreases: (1) the 
total surface area of the soil increases, for 
example, the surface area of colloidal clays 
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Table 1. Ability of the soil to drain 

Factors affecting 
soil drainage Characteristics 

Nonsoil factors 

Precipitation pattern 

Vegetative cover 

Topographic location 

Soil properties affecting 
infiltration capacity 

Soil bulk density 
(affected by soil 
texture and structure) 

Thickness of surface 
organic layer 

Organic content of 
mineral soil 

Soil depth to pan or 
bedrock 

Soil moisture level 
before rainfall 

Surface cobble-gravel 
content 

Poor drainage 

Soils where rainfall is in
frequent but intense, 
especially after soils 
are frozen or saturated. 

Soils with sparse vegetative 
cover. 

Soils in small topographic 
depressions or channels 
may be poorly drained due 
to subsurface drainage 
from adjacent slopes. 

Soils on N-facing slopes are 
moister than those on S-
facing slopes. (Moist 
soils do not drain as 
rapidly as dry soils.) 

Low bulk density soils show 
changes in compaction and 
greater decreases in in
filtration rates. (Organic 
peat or muck soils; fine-
texture soils such as clay 
loams and clays.) 

Massive, nongranulated soil 
structures. Compacted 
granular soils can become 
nonporous and poorly 
drained. 

Absent or thin organic 
1ayer. 

Low organic content in 
the mineral soil. 

Shallow soil depth (<l 
foot). 

Water-saturated soils, 
especially organic soils 
such as peat or muck. 

Low cobble-gravel content 
at surface. 

Good drainage 

Soils where rainfall is 
distributed evenly during 
the year; these soils can 
dry out between rainfalls. 

Soils under dense ground-
cover vegetation. 

Soils on moderate to steep 
slopes may be well 
drained by subsurface or 
surface drainage, regard 
less of the soil's 
permeability. 

Soils on S- and W-facing 
slopes are drier than 
those on N-facing slopes. 

Higher bulk density soils 
(coarse to medium-texture 
soils) show smaller 
changes in compaction and 
smaller decreases in 
infiltration rates. 

Granular, porous structured 
soils; columnar subsurface 
structure is very 
permeable if soil can dry 
between rainfalls. 

High content of the mineral 
soi1. (Increases pore 
space and water-holding 
capacity; also shows 
smaller maximum 
compaction.) 

Deep soil depths (>3 feet). 

Soils that are not too 
moist before rainfalls. 

Surface layer of cobbles-
gravel (at least 2 inches 
thick) protects soil 
from compaction. 
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is 1,000 times greater than that of fine 
sands; (2) the amount of large pore space 
diminishes, and the permeability of the soil 
decreases; (3) the cohesiveness, or plast
icity, of the soil increases with increasing 
clay content; this can act to increase the 
resistance of soil to dispersion and erosion. 

Research studies on sheet and rill 
erosion of bare agricultural soils on moder
ately low slopes of 9 percent have determined 
that soils high in silts or very fine sands 
are more erodible than either coarse, sandy 
soils or clay-type soils (Wischmeier and 
Smith 1965; Wischmeier and Mannering 1969; 
Wischmeier et al. 1971). 

Soil survey interpretations are often 
made for land use planning. A summary report 
on soils suitable for camping and trails 
showed that the soil textures of moderately 
coarse loams (sandy loams to loam) are most 
suitable, while silty-clay, clay, sandy or 
organic soils are least suitable (Montgomery 
and Edminster 1966). Loose, sandy soils are 
unstable when dry. Soils high in clay are 
poorly drained and sticky when wet. 

Fine-soil particles of silt and clay do 
not lie as close together as sands. Fine-
texture soil has a lower bulk density than 
coarse-texture soil. As a result, the fine 
silt and clay particles may be compacted 
tightly into dense, impermeable material 
(Brady 1974). 

The impact of recreationists trampling 
campsites and trails is a compacting of the 
soil. This can result in a decrease in 
porosity, aeration for plants, and infilt
ration rates, and a greater potential for 
surface runoff and soil erosion (Speight 
1973; Wilde 1958, p. 187). 

In a study of forest picnic sites, Lutz 
(1945) found that compacted soils of coarser 
texture exhibited higher infiltration rates 
than compacted, fine-texture soils, though 
both soils experienced lower rates (the 
infiltration rate of sandy-loam soil was 1/20 
the rate of the untrampled soil). And Ripley 
(1962) found that drainage was better over 
soils of coarser texture at southern 
Appalachian campsites. 

More recent studies have attempted to 
relate campsite use and soil properties to 
soil compaction (measured by bulk density or 
penetrometer), but have not related degree of 
change in soil compaction to an associated 
change in soil behavior. In the Boundary 

Waters Canoe Area of Minnesota, campsites 
with various medium-texture soils showed no 
significant differences in compaction be
tween soils of different textures, but all 
sites reached maximum compaction after 2 
years of moderately heavy use (Merriam and 
Smith 1974). Similar results have been 
reported by Liddle (1975) for chalk 
grasslands, and by Young and Gilmore (1976) 
for loessial soils (predominately silts) and 
pan soils at Illinois campsites. 

Soils on lower mountain slopes tend to 
be of finer texture, that is, they have less 
sand and more silt and clay particles. Soils 
on the upper slopes are of coarser texture, 
with much gravel and sand. Soil texture may 
vary widely, however, because of variations 
in the mountain topography (Willen 1965; 
Hoyle 1965). Compared to agricultural soils 

of the plains, the texture of mountain soils 
is much coarser, regardless of slope 
location. The texture of soil on the lower 
toes lopes of the White Mountains of New 
Hampshire was coarse at all soil horizons, 
with 50 to 70 percent sand content and less 
than 4 percent clay content (Hoyle 1973). 

Soil structure. Individual soil 
particles combine into soil aggregates which 
assume different geometric shapes or 
structures, depending on the soil-forming 
forces, especially those that promote 
contacts between soil particles. The 
structure of the soil affects the porosity of 
the soil and, hence, the permeability of 
water-and nutrient-holding capacity of the 
soil. It also affects the soil stability. 

Soil structures commonly found in sur
face soils of forests are "granular" or 
"crumbly." If a surface is compacted or the 
soil poorly drained, the soil structure may 
be "massive" or "puddled" with no distinct 
arrangement of particles. Large, blocky, or 
columnar-shape soil structures are usually 
found in the subsoils of arid regions (Wilde 
1958). 

Soils with a granular structure have 
several desirable properties. They are very 
porous and have a high water-and nutrient-
holding capacity. The soils are better able 
to support plant growth and drain surface 
water than the more impermeable, massive, 
platey, or blocky structures. Structure 
affects the erodibility of unvegetated 
soils. Studies of erosion of wildland soils 
have determined that soils with a high 
content of either water-stable aggregates 
(soil aggregates that do not break down under 
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Table 2. Ability of the soil to resist erosion (soil dispersal and movement downslope) 

Factors affecting 
soil erodibility Characteristics 

Nonsoil factors 

Precipitation pattern 

Slope gradient and 
length 

Vegetative cover 

High erodiblity potential 

Infrequent but intense rain
falls. 

Soil on steep slopes (>25% 
for temperate-humid 
regions) especially, moist 
silty soils. 

Long, unvegetated slopes 
allow more rapid surface 
runoff of water and soil. 

Soils under sparse groundcover 
vegetation. (Dense overstory, 
especially of conifers, 
retards groundcover growth.) 

Low erodibility potential 

Evenly distributed and non-
intense rainfalls, especi
ally on granular soil 
structures (well-drained 
soils. 

Soil on low slopes (<15% 
for temperate-humid 
regions). 

Soils under dense ground 
covers, especially 
grasslands. 

Soil factors 

(Soil properties 
affecting ability 
of a barren soil to 
resist erosion, 
other factors 
constant.) 

Ability of soil to 
absorb water (soil 
infiltration capacity). 

Ability of soil to 
resist dispersion 
(soil structural 
stability): 

Texture-structure 
Moisture-holding 

capacity 
Organic matter 

content 
Soil moisture level 

before rainfall 
Surface cobble 

content 

Low percent (by weight) of 
soil particles and water— 
stable aggregates >2 mm 
diameter. 

Soil texture--high percent of 
silts or very fine sands. 

Low organic content of 
mineral soils, especially 
with high-clay content. 

Wet, granular soils, 
especially organic 
peat or muck soi Is. 

Shallow soil depth to 
pan or soils over a 
frozen subsurface 
layer. 

Low cobble content. 

High percent (by weight) of 
soil particles and water-
stable aggregates >2 mm 
diameter. (Texture of 
aggregates is not 
significant though high 
clay content increases 
cohesiveness.) 

High organic content of 
mineral soil, except 
in soils with high sand 
content. 

Soils that are well drained 
between rainfalls. (Drier 
soils can absorb more 
water during rainfall, and 
surface runoff will be 
reduced.) 

High cobble content. 
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water movement) or soil particles larger than 
2 mm are the most resistant to erosion 
(Farmer and VanHaveren 1971). Wildland soils 
with larger water-stable aggregates tend to 
be surface soils that are high in organic 
matter content and clay and that have a low 
bulk density (Wooldridge 1964). 

Studies of agricultural soils have 
shown that the more finely granular the soil 
structure, the less erodible the soil 
(Wischmeier et al. 1971). Under conditions 
of long, intense rainfall, however, the 
granular soils may be less resistant to sur
face erosion than massive clay soils. Once 
granular soils have become saturated with 
water, the soil has less resistance to dis
persion under the impact of raindrops and can 
be more easily transported or eroded down 
slope. The more impermeable soils that have 
a high clay content may be more resistant. 
Initially, the dry, loose aggregates of clay 
on the surface are dispersed by the rain. 
But once the soils are saturated, the soil is 
very cohesive and resists dispersion. Sur
face-water runoff increases over the smooth, 
tightly held soil particles, but soil is not 
eroded (Baver 1956, pp. 455-458). 

Organic matter content of the mineral 
soil. The organic matter in soil is derived 
from plant and animal tissues which decompose 
and leach through the soil. Soils that have 
high organic content tend to be: 

1. In cool, humid environments. Organic 
matter decomposes less rapidly in these 
environments. 

2. Under grasslands which provide the 
soil with more organic materials than 
forest vegetation. 

3. Of finer texture. Fine-texture soils 
retain more moisture and are less aerated, 
which retards rapid oxidation of the 
organic materials. 

4. Poorly drained. 

5. Surface soils, especially under 
forests. Organic matter decreases 
rapidly where the soil depth is less than 
2 inches. 

High organic content of soils 
contributes to an increase in granular 
structure, which, in turn, provides an 
increase in porosity and lower bulk density, 
and an increase in the nutrient- and water-
holding capacity. This improves the drainage 

ability of the soil and its capacity to 
support plant growth. Decomposed organic 
matter (humus) has at least twice the 
nutrient-adsorbing power of clay (Brady 
1974, p. 148). Studies of medium-texture 
(loamy) agricultural soils show that soil 
erosion decreases appreciably when organic 
matter increases from 0 to 4 percent 
(Wischmeier et al. 1971). 

A high organic content of the soil does 
not always ensure beneficial soil proper
ties. The erodibility of soil under rainfall 
is partially influenced by the interaction of 
soil texture and organic content. In a 
comparison of soil losses at high-elevation 
Utah rangeland, it was found that sandy soils 
high in organic content were more erodible 
than sandy soils low in organic content. The 
organic material may have acted to 
disaggregate the soil. However, soils high 
in clay content were less erodible when 
organic content was high (Meeuwig 1971). 

Although soils with high organic con
tent tend to have a lower bulk density, they 
show lower maximum compaction than soils of 
low organic content (Dotzenko et al. 1967). 
Also, the recovery rate (as measured by in
creases in infiltration rates and decreases 
in water runoff) for compacted grazing land 
was quicker in soils with higher organic con
tent (Orr 1975). 

Depth of soil to an impervious layer. A 
layer of material beneath the soil which is 
impervious to water could be bedrock or a pan 
layer. A pan layer is a soil high in clay 
content or a caliche layer of cemented 
calcium carbonate, or just a very compacted, 
dense soil layer through which water can 
barely penetrate. 

The soil depth to pan affects: 

1. The infiltration capacity of the soil 
and, consequently, the ability of the soil 
to drain. 

2. The amount of soil available for 
filtration of organic human waste left 
buried at dispersed campsites. 

SOIL INVENTORY 

A major problem with soils information 
for forest managers is the lack of useful 
soil surveys for wildland areas. Surveys 
have not been completed for undeveloped, 
high-elevation regions, especially at the 
scale the manager may need. 
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Table 3. Ability of the soil to support plant growth 

Factors affecting 
plant growth Characteristics 

Soil water-holding 
capacity affected by: 

Soil texture 

Organic content of 
mineral soil 

Depth of pan/bedrock 

Soil nutrient avail
ability affected by: 

Nonsoil factors 
Precipitation 

Vegetative cover 

Bedrock type 
(mineralogical 
composition) 

Soil factors 
Texture 

Organic content of 
mineral soil 

Soil water-holding 
capacity 

Low water-holding capacity 

Coarse-texture soils 
(sands, gravels, cobbles) 

Low organic content in 
mineral soil. 

Shallow depth to pan, 
especially on sloping 
terrain. 

Low nutrient availability 

Soils in areas that receive 
abundant precipitation 
(nutrients are leached 
through the soil). 

Soil under coniferous small 
forests are low in Ca, 
Mg and K nutrients and 
are acidic, which tends 
to reduce nutrient 
availability to plants. 

Calcareous soils (limestone 
derived) are deficient in 
iron and are very alkaline. 

Soils with high content of 
coarse particles or silts. 

Low organic content in the 
mineral soil. 

Water-saturated soils retard 
soil organisms that decompose 
organic matter. 

Good (not excessive) water 
holding capacity 

Medium-texture soils 
(mixture of fine, sandy 
loams to sandy-clay 
loams). 

Organic soils of peat or 
muck have excessive 
water-holding capacities 
(for recreational use). 

Wei 1-aggregated and 
granular-structured 
soils. 

High organic content in 
mineral soi1. 

Deep soil depth to pan. 

High-nutrient availability 

Soils in areas that do not 
receive abundant precip
itation. 

Soils under deciduous 
forests or grasslands 
provide higher recycling 
of Ca, Mg, and K. 

Nonacidic soils. 

Soils formed from volcanic 
rock or granite rock 
are rich in plant 
nutrients, especially iron 
and magnesium. 

Medium-texture soils. 

High organic content in 
the mineral soil. 

Moderately well-drained 
soils. 
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A meaningful soil survey could be very 
expensive. Often, soil conditions of 
mountain lands vary widely, especially in the 
midslope sections. Soil rockiness and depths 
vary, depending on the topography, so the 
resulting soil drainage and erodibility are 
quite varied. 

This situation should not preclude the 
survey of soils at proposed wildland sites. 
Managers are concerned primarily with trails 
and overnight sites. An analysis of the 
soils over a potential trail corridor and at 
certain points (or potential overnight 
sites) could be satisfactory. Forest Service 
soil scientists usually can predict with 
accuracy the types of soil at particular 
locations by studying the topography, 
vegetation, and climate of the region. 
However, where pit privies are under 
consideration, field measurements should be 
made to check the depth of soil to pan and 
the permeability of the soil. 

USING SOILS INFORMATION FOR DISPERSED 
RECREATION PLANNING 

There are two facilities for dispersed 
recreation that require planning and 
management by the forest manager: trails 
(circulation links between roads and hiker 
destinations) and designated overnight sites 
(sites where hikers frequently cluster for 
camping). For each of these the manager must 
select locations and provide special 
facilities and maintenance where needed to 
prevent physical degradation. Poor soil con
ditions limit the ways in which a site can be 
managed. 

The management or facility 
requirements, or both, for poor soil 
conditions, corresponding to Tables 1 
through 4, are listed below: 

Trails 

On poorly drained soils 

• Additional management is needed to 
prevent trail widening and soil 
compaction around fragile vegetation. 

• Trail tread, such as wood bridging or 
rock rock paving, should be required 
where hiker use is moderate to heavy. 

• Hikers should be discouraged from 
using trails during periods of 
frequent or heavy rainfall. 

Over erodible soils 

• Additional management is needed to 
reduce soil loss and trail gullying. 

• Trail stability structures should be 
required, for example, waterbars to 
reduce surface waterflow down the 
trail, and steps and cribbing to 
retain loose soi1. 

• Trails ascending steep slopes should 
have sufficient switchbacks to 
maintain a moderate trail grade (less 
than 25 percent). 

Over nutrient-deficient soils 

• Vegetation growing around the trails 
must be protected from trampling. The 
vegetation is growing in poor soil 
conditions and may be easily 
destroyed, especially alpine tundra. 
Trail delineation, such as scree 
walls, may be needed to encourage 
hikers to stay on the trail tread. In 
small areas of concentrated use, a 
trail patrol might be effective in 
informing hikers about fragile 
vegetation. 

Overnight sites 

On poorly drained soils 

• These are generally poor areas in 
which to locate campsites as 
compaction potential is high and 
human waste disposal is difficult. 

• Facilities to "harden" the site would 
be required, for example, shelters or 
tent platforms to minimize ground 
trampling and compaction. These 
structures can encourage more 
centralized camping and cooking 
activities. Circulation paths around 
the site require trail tread struc
tures. 

• Where facilities are not provided, 
overnight use limits must be 
enforced. 

• Human waste must be removed from the 
site or composted at the site. Areas 
where the soil is well drained, but 
shallow (less than 5 feet beneath the 
bottom of the privy pit) limit the use 
of pit privies because the soil is not 
deep enough to filter the waste. 
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Table 4. Ability of the soil to promote decomposition of human waste 

Soil factors affecting 
soil organism activity Characteristics 

Vegetative cover 

Soil acidity 

Soil moisture 

Soil temperature 

Low organism availability 

Soils under sparse vegetative 
cover. 

Acidic soils. 

Wet soils for long durations 
(blocks soil aeration 
needed for aerobic 
decomposition). 

Organic soils of peat or 
muck usually are too 
wet. 

High organism availability 

Soils under dense vegetative 
cover. 

Neutral soils. 

Moist, not wet, soils. 

Warm or cool soils. 

Top 6 inches of soil. 

Cold soils. 

At soil depths 6 inches below 
surface. 

Arid soils for long durations 
inhibit soil organism 
growth. 

• The roots of ground vegetation 
growing in poorly drained soils are 
often suspended in a water pocket. 
Compaction of the soil easily crushes 
the roots, resulting in a decrease in 
the porosity of the soil. Foot 
traffic should be kept off areas where 
ground vegetation is desired. 

On highly erodible soils 

• Facilities to minimize foot traffic 
on the ground surface would be 
required (similar to those for poorly 
drained soils). 

• Bare, erodible soil areas should be 
revegetated with durable ground 
covers, for example, grasses. 

• The revegetation of highly erodible 
areas should include soil stability 
structures to retain loose soil. Foot 
traffic must be kept away from 
revegetation areas. Thinning 
overstory plant cover might improve 
light conditions on the ground and 
promote more rapid growth of ground 
vegetation. 
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On soils of limited ability to support 
plant growth 

• The rehabilitation of eroded or 
compacted soils may require shallow 
tilling (the top 2 inches) and an 
application of organic matter 
(sawdust or ground bark) to improve 
the water-holding capacity of the 
soil. 

• Revegetation of nutrient-deficient 
soils requires fertilization. 
However, the nutrient availability of 
the soil must be determined to know 
what fertilizer and what quantities 
are needed. Fertilizer should not be 
applied before periods of heavy 
rainfall. Excessive quantities of 
fertilizer should be avoided, 
especially near streams and ponds, to 
prevent eutrophication. 

On soils with low availability 
of soil organisms 

• In areas where much dispersed tenting 
is likely and the catholing method for 
human waste disposal is used, soils 



should be those in which surface-soil 
organisms are readily available. 
Soils that are always cold and wet or 
that have little vegetative cover 
would be poor choices as dispersed 
tenting sites where frequent use is 
expected. At sites with a low 
availability of organisms, overnight 
use should be limited to avoid 
unesthetic site conditions. 

Forest sites with poor soil conditions 
require a greater expense of time and money 
for management for recreational use. Where 
management resources are limited, the 
selection of trail routes and overnight sites 
should be made for maximum benefit. 

Frissell, Sidney S., Jr. and Donald P. 
Duncan. 1965. Campsite preference and 
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A management decision to close, 
relocate, or alter a site can be made and 
justified by comparing physical and 
management resource capabilities. An 
understanding of soil abilities and 
limitations provides an additional component 
to the decision-making process. 
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RESEARCH ON WILDLAND RECREATION IMPACT 
IN THE CANADIAN ROCKIES 
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ABSTRACT--An increasing interest in recreating in undisturbed 
natural settings has attracted large numbers of people to hike and 
camp in the wildlands of Canada's Rocky Mountain National Parks. 
Deteriorating environmental conditions precipitated wildland 
recreation impact research designed to guide better land-use 
decisions in future planning and management. Soils high in either 
fine-grained, coarse-grained or organic materials are least 
desirable for trails and campsites. The degree of impact is 
directly related to the soil drainage characteristics. Low-
growing, herbaceous, alpine plants are the most susceptible to 
damage from trampling. 

Substantial changes in visitation and 
recreational activities have occurred in 
Canada's Rocky Mountain National Parks in the 
1970s. Growing regional population, 
increasing concern for environmental in
tegrity, technology and the attractive 
national park landscapes are some of the fac
tors influencing the pattern of use and ob
jectives of visitors to the national parks. 
Widespread interest in recreating in undis
turbed natural settings encouraged a great 
number of park visitors to hike and camp in 
the backcountry areas. The availability of 
lightweight equipment has placed all areas of 
the mountain national parks within reach of 
determined hikers. Overcrowding, deterior
ating environmental conditions and conflicts 
with traditional users and outdated prac
tices precipitated studies of the 
environmental effects of wildland 
recreation. The effects of hikers and horses 
on trails, group campsites and primitive 
campsites with respect to soils, vegetation, 
water quality and wildlife have been 
examined. In many cases, it has been found 
that the degree of impact is largely related 
to improper location of facilities. 
Construction techniques and upkeep have been 
inadequate to overcome inherent 
environmental hazards. The persistence of 
traditional but undesirable practices by 
both users and managers has aggravated many 
of the avoidable circumstances. 

A number of resource parameters, 
including soil, vegetation, hydrology, 
active geomorphic processes, faunal 
habitats, climate and topographic charac
teristics are important in the allocation of 
land uses in wildland settings, and the 
location and design of facilities. Soil 
characteristics, will, to a large degree, de
termine the difficulty of developing and the 
performance of many wildland facilities such 
as trails and campsites. A large amount of 
pedological and edaphological information 
can be produced about any soil. While any or 
all of the possible pieces of information may 
be important in making certain comparative 
statements, a relatively small amount is 
critical to the wildland planner who is 
designing low-intensity recreational 
facilities. The soil properties of texture, 
structure, organic matter content, depth, 
stoniness and drainage characteristics are 
the most important soil facts in making de
cisions about trails, campgrounds, disposal 
sites and activity areas. 

Fine-grained soils tend to become 
compacted and density increases under use. 
Infiltration and permeability decrease and 
puddling results. Clays are slippery and 
sticky when wet, but become hard and cloddy 
when dry. When wet, silty soils promote 
needle ice which complicates rehabilitation. 
When dry, however, silty soils cause dusty 
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trail and camp conditions. Sandy soils are 
loose and droughty. Consequently they are 
easily displaced and do not hold cover 
vegetation well. Favorable soil textures 
include sandy loams and loams. 

Organic matter promotes favorable soil 
structure by imparting soil aggregate 
stability and soil porosity. Up to a point, 
increasing organic matter promotes produc
tivity in mineral soils; however; it in
tensely complicates the use of soils for 
recreational purposes. Organic material is 
easily broken and disintegrated by foot 
traffic. Trails which cross organic areas 
become churned quagmires of perpetually wet, 
slippery ooze. Concerted attempts to avoid 
organic soil must be exercised in trail 
location. 

Although construction of wildland fa
cilities will normally not require dis
turbance of more than the upper 15 cm of 
soil, it is desirable to have at least 30 cm 
of soil material over bedrock. The presence 
of some stones and rocks within the soil 
matrix (up to 25% by volume) is desirable in 
that they impart stability to subgrade 
materials and resistance to traffic. When 
surface rocks and stones occupy more than 20% 
of the soil surface, moderate to severe 
limitations for trails and campsite are 
encountered. 

Internal soil drainage is affected by 
texture, structure or other soil-layer 
features which may influence permeability. 
Most medium and fine-grained soils 
experience decreasing load-bearing capacity 
as soil moisture increases, frequently with 
resultant compaction, disaggregation and 
muddy conditions. Severe constraints for 
trails and campsites are posed by imperfectly 
and poorly drained soils. Trails are best 
located on well-drained soils and campsites 
on no poorer than moderately well-drained 
soils. 

The science of managing natural vege
tation is less well developed than soil 
science. Seed or plant materials of many 
native species are generally not 
commercially available. Furthermore, the 
physiology and reproductive processes of 
many native plants are largely unknown. The 
fragility of individual species is greatly 
influenced by phenotypic variability and the 
nature of the impact source. While a great 
many factors can affect site-specific veg
etative fragility, it appears likely that 
plant fragility to trampling from least to 

most fragile would be trees, grasses, sedges, 
shrubs, tree seedlings, forbs, mosses, and 
dry lichens. In all, the soils supportive 
the vegetative cover will to a considerable 
degree determine the degree of sensitivity. 

DISCUSSION 

Comment: Is there any difference in the 
rehabilitation difficulties of an impacted 
forested site compared to an impacted meadow 
site? 

Leeson: Yes, given similar altitudinal and 
macro-climatic characteristics, the meadow 
site will recover more quickly. Meadow soils 
generally present more favourable growing 
medium because the soils have more incor
porated organic material as a result of 
increased soil microbiological activity. 
Increased light levels also assist more rapid 
rehabi1itation. 

Comment: In order to minimize impact, should 
an agency concentrate camping at designated 
sites, or attempt to disperse campers? 

Leeson: Where Parks Canada intends to accom
modate comparatively large numbers of 
visitors, designated campsites will be pro
vided. Nearly 90% of the total impact at 
continuously used sites occurs in the first 
two years, so there is little merit in moving 
the new sites after absorbing most of the ex
pected impact. Other wildland portions of 
the parks will be managed for low levels of 
visitation, and in these places dispersed 
camping will be permitted. Travelers will be 
allowed to select their own camping sites, 
subject to regulations dealing with shore
line setback, waste disposal and forbidding 
fires. 

Comment: Are you having problems with in
creasing numbers of backcountry travellers 
developing trails where none ever existed 
before? 

Leeson: New trails occur impromptuously only 
where travelers attempt to avoid bad 
stretches of trail which may be muddy or 
rutted. In these situations multiple 
trailing will develop. Visitors do not 
develop completely new trails because almost 
all valleys and passes have trails of some 
sort, originally created by horse travelers, 
which hikers simply follow. Many of our 
present trail problems exist because these 
original horse and game trails were never 
created with any thoughts of scientific land-
use planning or the aspirations of hikers. 
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ABSTRACT--Limited soil information is readily available to help 
wilderness managers or land-use planners. However, four dominant 
soil factors influence recreational-use impacts: trafficability, 
depth, drainage, and erodibility. These major factors are 
interrelated, and an evaluation of each can help in location of 
trails and waste disposal. 

INTRODUCTION 

There is little information readily 
available to help wilderness managers • or 
land-use planners identify soil factors that 
influence the kind and extent of impact from 
recreational use. We also do not have any 
current formal research studies within wil
derness areas to develop such information. 
We are, however, active in identifying soil-
related problems and assisting in providing 
soil management interpretations in wilder
ness areas. Most of our experience has been 
in the Pasayten, Glacier Peak, and Alpine 
Wilderness Areas. All of these areas are set 
upon varied and complex geologic formations 
and show a wide diversity of plant communi
ties and soil types. Our discussion will 
relate predominantly to the soil factors 
affecting impact from wilderness 
recreational use. 

Most visitors to wilderness areas 
quickly realize the esthetic value of plant 
communities, particularly in the subalpine 
environment. Disruption or destruction of 
these plant communities by wilderness 
"users" may leave other visitors with an 
unpleasant experience and the soil in an 
exposed unprotected condition subject to 
erosion and other damage. The soil component 
is the basic support of nearly all 
terrestrial plant communities within eco
systems found on the North Cascade Range. 
External factors that modify the soil 

component can often have a serious impact on 
the plant communities, thereby affecting an 
area's quality for wilderness use. 

Soil is the unconsolidated life-
supporting material forming a complex three-
phase system above the mantle rock. A given 
volume of soil consists of solid, liquid, and 
gaseous materials. The solid material may be 
mineral or organic, the mineral portion 
consisting of particles of varying sizes, 
shapes, and chemical composition and the 
organic fraction including residues in 
different stages of decomposition as well as 
live active organisms. The liquid phase is 
the soil water which fills all or part of the 
open spaces between the solid particles. The 
soil water varies in chemical composition and 
the freedom with which it is able to move. 
The gaseous phase, frequently identified as 
air space, is that part of the pore space 
between the soil particles that is not filled 
with water. The dynamics of the soil-
supported plant communities are affected not 
only by the properties of each phase, but 
also by temperature, pressure, and solar 
radiation. Therefore the effect of visitors 
on the soil is an important consideration in 
any wilderness land management program. 

SOIL FACTORS 

Our soils research experience and ob-
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servation within the Cascade Range has shown 
us that there appears to be four dominant 
soil factors influencing wilderness quality 
for recreational use. They are: 

1. Trafficability 

2. Depth 

3. Drainage 

4. Erodibility 

Obviously, all of these major factors 
are interrelated. For example, both soil 
depth and drainage influence trafficability. 
Although our discussion is limited to soil 
factors influencing quality in wilderness 
areas, these four soil factors are also 
important in influencing the quality of other 
wildlands for recreational use. 

Trafficability 

Trafficability is defined as the 
capacity of a soil to bear a moving load. In 
wilderness areas it is related to the 
resistance of soil to displacement or 
compaction by the foot of man or animal. 
This resist-ance is highly dependent upon the 
strength of the soil which, in turn, is 
influenced by the physical characteristic of 
texture, structure, and the ability to retain 
and transmit soil water. Soils with low 
strength, are less suitable for trails and 
campsites because they are easily compacted 
or displaced. 

Compaction makes the soil particles 
pack more closely together (increased dry 
weight/unit of volume), so that water will 
run off rather than infiltrate the soil. 
Because of increased surface water runoff, 
compaction can lead to both droughty 
conditions for plant growth and increased 
erosion potential. Though the ability of 
roots to survive or grow is severely affected 
by soil compaction, the degree of compaction 
that will adversely affect plant growth is 
difficult to define. A soil density greater 
than 1.4 grams per cubic centimeter has been 
shown to reduce the root growth of many agri
cultural crops, and soils formed in volcanic 
ash may exhibit restricted root growth at 
somewhat lower density levels because they 
are so 1ight in weight. 

Potential soil displacement by the 
passage of human or animal is an important 
aspect of soil strength. This factor is 
important to an understanding of how a soil's 

ability to resist the effect of a human foot 
differs from its resistance to the foot of a 
horse. Often soils will be little affected 
by the passage of a large number of people, 
but will be severely compacted and/or 
displaced by the passage of several horses. 
Regardless, however, of the type of traffic, 
rates of both trail and campsite 
deterioration increase greatly with 
intensity of use (Legg and Schneider 1977). 
The physical properties of soil affected by 
intensity of use are bulk density, 
permeability, and porosity (van Wijk, 
Verhaegh and Beuving 1977). 

There appears to be a marked difference 
in trafficabi1ity among areas developed on 
contrasting geologic formations. In an eval
uation of six different soil parent materials 
in the Selway-Bitterroot Wilderness of Idaho 
and Montana, Helgath (1975) found trail 
deterioration, as evidenced by soil 
displacement and compaction, most serious on 
soil material from hornblende gneiss. 
Generally, soils weathered from granitic 
formation show greater strength—greater 
resistance to displacement and compaction--
than soils weathered from volcanic ash as in 
the Cascade Range. 

Depth 

Depth of the unconsolidated soil 
material above the mantle rock is highly 
influential on the moisture and nutrient pool 
available for the support of plant growth. 
Plants on shallow soils are therefore most 
sensitive to disturbance. Shallow soils are 
also most susceptible to erosion following 
disturbance. 

Soil depth is an important factor in 
waste disposal. Waste disposal units and pit 
toilets are not functional in areas with 
shallow soils and the potential for 
contaminating water supplies is also 
considerably greater then in areas with 
deeper soil. 

Drainage 

Drainage, or the characteristic of the 
soil within an area to retain groundwater or 
water of the capillary fringe, is an 
extremely important factor in determining 
the potential impact of trail or campsite 
use. Visitors to wilderness areas should be 
strongly encouraged to avoid areas with 
poorly drained soil. The vegetative species 
composition in areas with poor drainage 
generally shows a greater and more long 
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lasting impact from disturbance than in areas 
that are well drained. Drainage conditions 
have a marked influence on trafficability and 
waste disposal. Soils that have a fluc
tuating water table or poorly drained soils, 
are not suitable for waste-disposal sites. 

Erodibility 

When evaluating the potential impact of 
soil displacement or compaction by 
wilderness use, it is necessary to know the 
soil erodibility or the resistance quality of 
a soil to displacement by the action of wind 
or water. Any activity reducing the natural 
rate of water infiltration from rainfall or 
snowmelt can result in overland flow. If the 
soil surface has been disturbed, this 
overland flow can lead to erosion. 
Considerable research is currently in 
progress to measure the erodibility factor 
for many agricultural and forest soils. 
Generally, soils showing evidence of single-
grain properties and/or a fine texture (high 
clay and silt with low sand-size particles) 
are most susceptible to erosion. Soils with 
good aggregation and intermediate texture 
appear to be less sus-ceptible to erosion. 

Parent material, the weathered aggre
gates from which soil is formed, often highly 
influences soil erodibility. Soils 
developed on volcanic ash would be expected 
to have high erodibility. With the exception 
of alluvial deposits, Helgath (1975) pointed 
out that "accumulation and retention of 
materials such as loess and volcanic ash 
indicate a very stable, non-erosive surface 
condition; therefore these sites do not erode 
as a result of natural site qualities." 
Wilderness visitor use leading to soil 
disturbance and compaction, however, has the 
potential to reduce natural stability. 

Management skills are generally 
available to prevent accelerated erosion on 
wildlands including wilderness areas. 
Skills are also available to reduce erosion 
on areas where visitor "users" have pre
viously had a serious impact (Klock 1973; 
Klock, Tiedemann and Lopushinsky 1975). The 
best method of managing the soil erodibility 
factor is erosion prevention through land-
use planning. 
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DISCUSSION 

Comment: If you have a trail forming, have 
to build or reroute a trail because of a lot 
of moisture in the trail, and you're not a 
soils expert, how do you go out there and 
look at it, and determine from a practical 
standpoint whether or not this is a well-
drained area? 

Klock: Color of the soil is often a good 
indicator of the drainage conditions, even if 
you are out in the field during the dry 
season and the trail and surrounding area is 
dried up. If the soil color has a dark 
bluish or dark organic appearance, it usually 
indicates poor drainage. If one sees bright 
yellow to red soil colors--and we must not be 
confused by some of the bright-colored 
volcanic ashes found in the Cascade Range--it 
usually indicates a well-drained soil. 

Comment: In the Cascades where we have a lot 
of moisture, especially snowmelt early in the 
season, you get a lot of subsurface flow. 
Let's say you are locating a new trail 
location in the fall after the snow has 
melted from the previous winter and the soil 
is dry. 

At this time people are locating the 
trail line when the soil is dry. Would it be 
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better to look at this area earlier in the 
season, maybe digging some pits to determine 
any subsurface flow rather than just depend 
on soil color and structure? 

Klock: Yes, your observations need to 
cover different seasons. You should be 
looking for soil and vegetation conditions as 
well as use patterns. Thus, if you are 
concerned about the movement of people 
through an area during the wet season, you 
should see the area during that period of 
time. I should also point out that there are 
many options for improving trafficability 
besides rerouting. Log puncheons as well as 
natural rock material can be used. In our 
slide presentation we showed the use of rocks 
to increase the trafficabi!ity of an area in 
the Enchantment Basin. That material has 
worked very wel1. 

Comment: When the Forest Service reroutes a 
trail or builds a new one, do they call on 
soil specialists to help with location or are 
they like a lot of the rest of us where the 
trail foreman goes out and locates the trail 
and doesn't really look at some of these 
factors that you people have been talking 
about? 

Klock: That question should really be 
addressed to my co-author; however, he is not 
here today. As the Wenatchee National Forest 
soil scientist, this type of work is part of 
his job. When the District Ranger is made 
aware of a need or problem, he can call on 
the soil specialist to assist trail locators 
in the review of proposed trails. The forest 
soil specialist is available as a resource 
and will assist in developing site-specific 
prescriptions when called upon by the 
District Ranger. 

Comment: I am interested in the 
trafficabi1ity amenities, such as the 
stepping stones over wet areas that you 
showed in the Enchantments. It is a 
marvelous technique, but I think that it was 
grossly misapplied in that instance. Being 
familiar with that area, recognizing that it 
is a destination and not a through way, why 
would we take people across the middle of a 
wetland just because we have the capability? 

Klock: I was aware that this question 
might come up because that is a controversial 
situation. I think your question is valid. 
May we take the question step by step? First 
the trail is a through way. Visitors move 
through in large numbers. This trail is a 
major pathway between Asgard Pass and the 

Snow Lakes region. The second thing is that 
this particular section of trail coming 
around the north end of Perfection Lake is 
the shortest distance between the upper and 
lower basins. This is a hiker-located trail. 
It is a natural trackway, so the Forest 
Service is armoring the tread with the rock 
rather than trying to change human nature. 
Hikers could go up on the ridge and go around 
the wet area, but it is not natural for 
people to go the long way when they can see a 
shorter route. Without armoring on this 
section of trail, the muddy area will 
continue to grow, thus degrading the entire 
area. Armoring the trail may offend some 
people but it increases the trafficabi1ity 
without causing soil or water resource 
damage. 

Comment: I work with trail maintenance and 
trail construction and what bothers me is 
that your experience and knowledge does not 
get to the people on the ground or to the 
decision making managers. For instance, the 
ranger goes out to reroute a trail around the 
lake or over the ridge because we have 
decided an area is over-used. The trail crew 
goes to work, but nobody is really getting 
together on these things. 

Klock: Your comments are of real value and 
you are speaking to the timeless question of 
information transfer from research to the 
user. This information transfer problem is 
not limited to wilderness recreation per se; 
the land manager always has the problem of 
becoming aware of the latest research infor
mation. There is a problem of how much we as 
scientists can afford to look at the basic 
problems and how much time we can afford with 
information transfer. However, there are 
some projects coming along within the Nation
al Forest Administration to use highly 
trained people for information transfer. 
These people can talk with both the re
searcher and the people in the field. Until 
we have a number of these people in the 
field, we are not going to come close to 
solving the problem we have discussed here 
today. 

Comment: So it is sort of like extension 
agents from the Forest Service? 

Klock: Right. We need them. And let's 
not stop with the Forest Service because 
Forest Service Research is applicable to wild 
lands in general. The application of our 
research doesn't stop at the boundaries of 
the national forest. 
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REDUCING THE IMPACT OF HIKERS ON VEGETATION 
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ABSTRACT--After a brief review of several approaches for studying 
the impact of hikers on backcountry vegetation, this paper 
describes a study of vegetation alteration along trails located in 
different vegetation types. Results show that in Eagle Cap 
Wilderness, Oregon, hiker impact on vegetation is more pronounced 
in dense forests than in meadows or open forests. Similar 
investigations of impacts on environmental characteristics (other 
than) vegetation would help managers locate recreational facilities 
where undesirable ecologic change would be minimized. 

INTRODUCTION 

In recent years there have been dramatic 
increases in the number of recreationists en
tering backcountry areas. Recreational use 
of most wilderness areas, for example, has 
increased at a rate of 10% per year or more 
(Frissell & Stankey 1972). This essentially 
unrestricted recreational use has already 
destroyed the integrity of natural plant 
communities in many areas where management 
objectives call for preservation and 
protection. Anticipated increases in use 
threaten to accelerate this destruction un
less managers can effectively resolve the 
conflict between use and preservation. 

Impacts resulting from this conflict 
are inevitable because even light use pro
duces some ecologic change. The basic prob
lem, then, is to define the "limits of ac
ceptable change," the maximum amount of de
viation from pristine conditions consistent 
with the management objectives for the af
fected area (Frissell and Stankey 1972). 
Management, not research, must ultimately 
establish these limits. The role of research 
is to study user/environmental ... inter
actions in sufficient detail to suggest 
management actions that can confine recre
ational impacts within these established 
limits. 

To limit recreational impacts on vege
tation, researchers must be able to predict 
the effects of various use configurations on 
different vegetation types. Use configur

ation incorporates differences in the abso
lute amount of use; the type of use, whether 
by hikers, packstock, or some other type; the 
season of use; and the frequency of use by 
parties of various sizes. Differences in any 
of these use variables will result in dif
ferent types and intensities of impact on the 
vegetation. Vegetational changes resulting 
from use will also vary with vegetation type 
due to differences in the susceptibility of 
habitats and species assemblages to alter
ation. 

RESEARCH APPROACHES 

Accurate prediction of the effect on 
vegetation of a change in use configuration 
will depend on careful experimentation. This 
is the most practical means of controlling 
use and environmental variables so that the 
effect of a change in one of these variables 
can'be assessed. 

Unfortunately, this type of study often 
requires many years to complete. Most re
searchers to date (e.g., Wagar 1964, Bell and 
Bliss 1973, Liddle and Greig-Smith 1975, and 
Holmes and Dobson 1976) have only investi
gated short-term responses to trampling. 
This limits conclusions to initial deteri
oration of vegetation and ignores long-term 
deterioration processes, recovery rates, and 
vegetative reestablishment. Longer-term ex
perimental studies should be given high 
priority and initiated as soon as possible. 
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In the interim, however, vegetation will con
tinue to deteriorate as a result of recrea
tional use, and management responses will re
main largely intuitive because of poor data. 

Non-experimental research methods such 
as the analytical approach described by 
Liddle (1975), can also provide valuable in
put. The analytical approach investigates 
sites already subjected to recreational use. 
Long-term analytical studies are possible 
and have been undertaken (LaPage 1957, 
Merriam et al. 1973), but more significantly, 
short-term analytical studies can provide 
information useful to managers before the 
completion of long-term experimental work. 

The analytical approach compares ad
jacent used and unused areas with similar en
vironmental characteristics. The implicit 
asumption is that any difference between the 
two areas is the result of recreational use. 

There are two major advantages to this 
approach: first, long-term responses to rec
reational use can be identified in a short-
term study because the plant populations 
selected for study have had time to adjust to 
use; and secondly, investigations of this 
type deal with real situations. The vege
tation along trails, for example, is affected 
by soil changes resulting from trampling, 
site development such as tree removal and 
drainage alteration, and new vectors of plant 
dispersal, in addition to the direct mechan
ical effect of trampling on plants (Cole 
1978). These changes can not all be real
istically simulated in an experimental 
study. 

The major disadvantage of the analyt
ical method is the difficulty in unraveling 
cause and effect. There is no means for ef
fectively controlling the large number of 
ecological and human-use variables which af
fect the existing conditions of any recre
ation site. Furthermore, accurate assess
ments of the past use history of any site are 
rarely possible, even if information on cur
rent use configurations can be obtained. 

Nevertheless, analytical studies 
provide several types of valuable informa
tion. Assessments of the relative sus
ceptibility of vegetation types to changes 
resulting from recreational use are part
icularly useful because they contribute to 
the rationale behind locational decisions. 

Most research shows that above rela
tively low threshold values, amount of use is 

not highly correlated with amount of ecologic 
change. Most change on a recreational site 
results from initial, light use ano continued 
or increased use results in little additional 
change (Frissell and Duncan 1955, LaPaqe 
1967, Merriam et al. 1973, Young 1978). This 
suggests that site impact could' be mo^e ef
fectively managed by facility location and 
design than by regulations on the amount of 
use and that ecologic change could be mini
mized by concentrating use on particularly 
resistant sites rather than dispersing use in 
space. Furthermore, because recovery rates 
can be many times slower than deterioration 
rates, most closure and rest-rotation 
schemes to allow site rehabilitation seem 
merely to increase the area of alteration 
without significantly reducing the intensity 
of alteration (Merriam et al. 1973fl These 
research findings emphasize the importance 
of locating facilities permanently in places 
where undesirable change is minimized and the 
value of collecting information that con
tributes to more objective locational deci
sions. 

VEGETATION CHANGE ALONG TRAILS IN EAGLE 
CAP WILDERNESS 

Methods 

An attempt by Cole (1978) to assess the 
susceptibility of vegetation types to trail-
side alteration serves as an example of the 
analytical technique. In this study the 
change in understory species composition and 
amount of plant cover was investigated along 
trails in the eight most common vegetation 
types of the Eagle Cap Wilderness Area in 
northeastern Oregon. Within each vegetation 
type, ten pairs of quadrats - each measuring 
0.5 m x 1 m - were established. One quadrat 
of each pair was located immediately adjacent 
to the trail; the other quadrat was 10m from 
the trail in essentially undisturbed vege
tation. Percentage cover of each understory 
species was estimated in each quadrat. Total 
cover in the paired quadrats was compared 
using the formula 

CR = ^ C2" Cr . 100% 

-c2 

where CR is percentage cover reduction, C, is 
the cover in the trailside quadrat, and C~ is 
the cover in the quadrat 10m from the trail. 
This provides a measure of cover loss along 
the trail in each vegetation type. 

The species composition of the 
quadrats was compared using the formula 
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FD = 0.5Z|P,-P2| 

where FD is a coefficient of floristic dis
similarity, the difference in species com
position between two quadrats, Pi is the im 
portance value (see Cole 1978 for"discussion) 
for a given species in the trailside quadrat, 
and P„ is the importance value for the same 
species in the quadrat 10m from the trail. 
This provides a measure of the change in 
species composition that occurs along trails 
in each vegetation type. 

For this study, use configuration at the 
sample points was considered constant be
cause sampling was confined to the West Fork 
of the Wallowa River trail, a transportation 
route to high-elevation lakes. Most trail 
users hike the entire trail so that use is 
relatively evenly distributed. 

Results 

As Table 1 illustrates, there are sig
nificant variations in the amount of cover 
loss and change in species composition along 
trails in the vegetation types of the Eagle 
Cap Wilderness. These changes are greatest 
in the three most densely forested vegetation 
types: Pseudotsuga menziesi i/Physocarpus 
malvaceous (Douglas-2fir/ninebark), Picea en-
gelmanni i/Thalictrum occidentale (Engelmann 

Table 1. Mean cover reduction and floristic dissimilarity values along trails in 
the most common vegetation types of Eagle Cap Wilderness 

Vegetation type 

Pseudotsuga menziesii/Physocarpus malvaceous forest 

Picea engelmannii/Thalictrum occidentale forest 

Abies lasiocarpa/Vaccinium scoparium forest 

Pinus contorta/Vaccinium scoparium forest 

Pinus albicaulis/Vaccinium scoparium open forest 

Pseudotsuga menziesii/Calamagrostis rubescens open forest 

Stipa occidental is grassland 

Carex-forb subalpine meadow 

Cover 
reduction 

- - - - per 

73 

64 

57 

53 

22 

37 

38 

12 

Floristic 
dissimilarity 

•cent - - - -

82 

64 

67 

41 

62 

36 

44 

37 
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spruce/meadowrue), and Abies 
1asiocarpa/Vaccinium scoparium (subalpine 
fir/grouse huckleberry) forests. These 
forests have understories dominated by woody 
shrubs and erect forbs, growth forms poorly 
suited to trampling survival (Wagar 1964, 
Dale and Weaver 1974, Holmes and Dobson 
1976). In comparison to heliophytes (sun-
loving plants), these shade-tolerant species 
usually have more supportive and conductive 
tissue (Treshow 1970), greater leaf areas, 
and thinner cuticles, cell walls, and stems 
(Daubenmire 1959) - morphological 
characteristics that make them extremely 
susceptible to breakage. In addition, light 
intensities along trails are increased by 
trail construction in dense forests and this 
increase can result in significant shifts in 
species composition. 

In contrast, vegetation change in the 
three open vegetation types, the Pseudotsuga 
menziesi i/Calamagrostis rubescens (Douglas-7 
fir/pinegrass) open forest, the Stipa occi
dental is (needlegrass) grassland, and the 
Carex (sedge)-forb subalpine meadow, is 
relatively insignificant. These vegetation 
types have understories dominated by grass
like plants (graminoids). The trampling 
tolerance of this growth form has been 
consistently noted (Bates 1935, Dale 1973, 
Liddle 1975, Liddle and Greig-Smith 1975) and 
derives from such preadaptations to 



trampling stress as basal meristems, small 
protected flowers, tough and flexible 
vegetative parts, basal leaves, underground 
stems, and the ability to reproduce 
vegetatively. 

Additionally, site manipulation associ
ated with trail construction, particularly 
tree and brush removal, is often unnecessary. 
Consequently, environmental alterations that 
lead to changes in species composition are 
less profound than in dense forests. 

The indices of vegetation change in the 
two remaining vegetation types respond in op
posing manners. The Pinus contorta/Vaccin-
ium scoparium (lodgepole pine/grouse huckle-
berry) forests lose a considerable amount of 
cover, but the change in species composition 
is slight. This results from reductions in 
the cover of Vaccinium scoparium, a brittle 
shrub highly susceptible to damage from 
trampling, and a lack of invasion by other 
species. In the Pinus albicaulis/Vaccinium 
scoparium (whitebark pine/grouse huckle-
berry) stands, cover loss is slight but 
change in species composition is high. In 
these forests, Vaccinium cover is reduced but 
open areas are colonized by species from 
adjacent alpine openings. 

Vegetational responses along trails are 
confined to a zone seldom more than several 
meters wide. Cover loss and change in 
species composition only 2 m from the Eagle 
Cap trails are negliglible when compared to 
trailside changes (Cole 1978). Trail width 
differs between forested and open areas, how
ever, with open areas having wider trample 
zones since hikers can easily walk abreast or 
leave the trail. For example, in forested 
areas researchers have found that impact is 
usually confined to 1 m on either side of the 
trail (Bayfield 1971, Dale and Weaver 1974). 
In the alpine meadows of Glacier National 
Park, the zone of greatest change occurred 
within 2 m of the trails' edge, but some veg
etational response was noted more than 5 m 
from the trail (Hartley 1976). Similarly, 
along meadow trails in Yosemite Valley, Foin 
et al. (1977) found that although severe 
disturbance was confined to 2 m on either 
side of the trail center some changes were 
noted at a distance of 7 m from the center. 

Discussion 

On the basis of these results it must be 
concluded, for the Eagle Cap Wilderness at 
least, that the vegetation of meadows and 
open forests changes less following the con

struction and use of trails than the vege
tation of dense forests. Ecologically this 
makes sense, because open vegetation types 
have understories dominated by species with 
growth forms and organ structures that facil
itate trampling survival. Moreover, these 
types are less altered by trail construction 
and they have evolved in conjunction with 
trampling stress from native animals. 

In a study of campsites in the Eagle Cap 
Wilderness Area (Cole 1977), the use of a 
paired-plot method similar to that used in 
the trail study illustrated that the under-
story vegetation on campsites in forested 
areas is also more highly altered than the 
vegetation on campsites in meadows. With the 
inclusion of the frequent elimination of 
downed wood and mutilation of live trees in 
and around forested campsites, this greater 
impact becomes even more obvious. 

As supportive evidence for these con
clusions, Foin et al. (1977) concluded that 
visitor impacts on forested areas in Yosemite 
National Park are much greater than impacts 
on meadow trails. Their rationale was that 
forests regenerate slowly and that thorough 
destruction of the understory increases the 
probability of accidents affecting the 
canopy. Dale (1973), in a study in the Madi
son Range, Montana, also noted that trails in 
meadows recover from use more rapidly and 
completely than trails in forests. Thorn-
burgh (1970), working in North Cascades Na
tional Park, noted severe disturbance on 
campsites in mountain hemlock/silver fir 
forests and a relative lack of disturbance on 
campsites in alpine Carex nigricans meadows. 
One of the most heavily used sites in his 
study area, a Carex spectabi1 is meadow 
near the sign at Cascade Pass, retained an 
88% vegetative cover. 

Merriam et al. (1973) studied campsites 
in the Boundary Waters Canoe Area of Min
nesota. Although only two campsites in open 
areas were investigated, it is significant 
that after five years of use, the non-
vegetated area on these open sites was only 
3% and 13% of the original campsite area, 
while the lowest value for any of the 21 
forested campsites was 26%. 

In a study of backcountry campsites in 
Banff National Park, Lesko and Robson (1975) 
concluded that subalpine meadows provide 
much better campsites than forested areas be
cause of thicker organic horizons, deeper ef
fective rooting mediums, and a higher propor
tion of trampling-resistant species. 
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Finally, in a study conducted in Finland, 
Kellomaki and Saastamoinen (1975) suggested 
that camping is less destructive to meadows 
than to forested areas, although this greater 
tolerance of meadows is not apparent in 
short-term experimental studies. They il
lustrate the need for long-term experimental 
studies by noting that grasses are heavily 
damaged by short-term trampling and relat
ively resistant to prolonged trampling. 

MANAGEMENT IMPLICATIONS 

These results imply that vegetation al 
teration could be minimized by locating 
trails and camps in meadows and open forests 
where understories are dominated by grami-
noids and heliophytic plants. Densely 
forested areas should be avoided, particu
larly where understories are dominated by 
woody shrubs and erect forbs. 

This is a surprising conclusion, con
sidering the common practice of encouraging 
camping and routing trails into forests 
rather than meadows. Although the justifi
cation for this practice is usually that it 
reduces ecological damage, this conclusion 
may be based more on evident visual deteri
oration than on actual ecological deterior
ation. Human impact on meadows is much more 
obvious to visitors than impact is on 
forests, even if meadow impact is less 
severe. This emphasis on visual criteria 
would be justified if it were consciously 
recognized that management actions were 
minimizing visual impacts at the expense of 
maximizing impacts on the vegetation. The 
concern is that this trade-off situation has 
not been recognized, and that this visual 
emphasis has occurred by default because of 
the lack of comparative data for different 
ecosystems. 

Ultimately, locational decisions must 
be based on an understanding of the suscep
tibility of many environmental variables--
not just vegetation--to changes resulting 
from recreational use. Although locating 
trails and campsites in meadows may minimize 
vegetation alteration, such an action may 
maximize soil erosion, wildlife disturbance, 
visual changes and the likelihood of seeing 
other parties. For example, many subalpine 
meadows have fine-textured soils and a 
perennially high water table, so that trails 
often become knee-deep in mud when subjected 
to heavy use. 

The following procedure is suggested 
for backcountry managers who need to make de

cisions regarding locations of trails and 
campsites. Determine for each major 
ecosystem type the changes in environmental 
characteristics associated with the 
construction and use of trails or campsites. 
Both the biophysical nature of the 
backcountry area and the inclinations of the 
area's manager will determine the parameters 
to be considered. Vegetative cover, species 
composition, wildlife populations, soil 
compaction, soil texture, soil depth, and 
organic-matter content consistently change 
along trail corridors and on camp-sites. 

Ideally, a paired quadrat method, simi
lar to that described above should be used to 
generate the type of quantitative data 
presented in Table 1. This information on 
susceptibility to change could be gathered in 
only a few field seasons. If objective, 
empirical results of this type are not 
obtainable due to financial constraints or 
manpower shortages, managers could assess 
the susceptibility of ecosystems on the basis 
of personal observations and previous exper
ience. As funding becomes available, these 
"educated guesses" could be confirmed or re
jected by an improved data base. 

This information, regardless of the 
data-collection method, could be arrayed in a 
matrix similar to Table 2. The number of 
susceptibility categories is not important 
as long as the number remains manageable. 

At this point the manager must assign 
priorities to each environmental parameter. 
For example, a manager might decide that 
wildlife disturbance and soil depth change 
are particularly undesirable because they 
are difficult to reverse. Weighting factors, 
based on these priorities, can then be as
signed to each parameter (Table 3) and multi
plied by the relative susceptibility ratings 
(1 for low, 2 for moderate, and 3 for high). 
Summing all of these weighted susceptibility 
ratings for an ecosystem type provides an 
overall rating. In the case shown in Table 3, 
ecosystem types C and D are particularly sus
ceptible to undesirable changes; ecosystem 
types A and E are relatively resistant. 
Therefore, trails should be concentrated in 
ecosystems A and E, and ecosystems C and D 
should be avoided. 

The elements of subjectivity in this 
system must be kept in mind. Overall 
susceptibility ratings will vary with the 
measures taken, the accuracy of the 
individual susceptibility ratings, and the 
weighting factors used. This subjectivity is 
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Table 2. A hypothetical matrix of the relative susceptibility of ecosystems to 
changes resulting from trail construction and use 

Parameter 

- -

Vegetative cover 

Species composition 

Wildlife disturbance 

Soil compaction 

Soil texture 

Soil depth 

Organic matter content 

A 

- - susc 

3 

2 

1 

1 

1 

1 

2 

Ecosy 

B 

:eptib 

3 

3 

2 

1 

2 

2 

1 

stem 

C 

ility 

I 

1 

3 

3 

2 

3 

3 

type 

D 

rati 

1 

2 

3 

3 

3 

3 

1 

E 

/I 
ng 

1 

1 

1 

2 

1 

2 

2 

n 
Table 3. Overall susceptibility ratings of the ecosystem types in 

Table 2 
Parameter and 

Weighted factor 

- - -

Vegetative cover (IX) 

Species composition (IX) 

Wildlife disturbance (3X) 

Soil compaction (IX) 

Soil texture (2X) 

Soil depth (3X) 

Organic Matter content (2X) 

Overall Susceptibility Rating 

A 

- susc 

3 

2 

3 

1 

2 

3 

4 

18 

Ecosy 

B 

:eptib 

3 

3 

6 

1 

4 

6 

2 

25 

stem 

C 

ility 

1 

1 

9 

3 

4 

9 

6 

33 

type 

D 

rati 

1 

2 

9 

3 

6 

9 

2 

32 

E 

ng 

1 

1 

3 

2 

2 

6 

4 

19 

LtWeighted ratings are calculated by multiplying the susceptibility 
ratings in Table 2 by the weighted factor assigned to each type of 
change. The overall susceptibility rating for the ecosystem type 
is the sum of these values. 

/I 
— Susceptibility: 3=high; 2=moderate; l=low 
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unavoidable because the ratings reflect both 
environmental conditions and management 
objectives; they are not absolute and 
unchangeable. Nevertheless, this method 
provides a framework for integrating various 
types of human impact, displaying trade-offs 
to be made, and summarizing the overall 
susceptibility of ecosystem types to 
particularly undesirable changes. 

This illustrates how analytical methods 
can generate information capable of guiding 
locational decisions. The technique involv
ed is simple and the information can be 
gathered quickly. With the resulting data 
base, locational decisions would have a sci
entific foundation that could constantly be 
improved, particularly when long-term exper
imental results become available. 
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DISCUSSION 

Comments: Your evaluations show percent 
cover reduction. Is this relative cover? 
Our results in Olympic National Park 
substantiate what you've shown, but I've 
often wondered about the importance of noting 
that percent cover reduction is less in 
meadows. In terms of actual plant loss, have 
we lost more total plants in a dense meadow 
community than in a forested community with a 
sparse shrub layer? 

Cole: That's a good point. I used a 
relative measure, expressing cover loss as a 
percentage of the vegetation that you started 
with. The alternative is absolute cover loss 
which is highly dependent on the amount of 
original cover. 

Let's say you have an undisturbed com
munity with a cover of 20%. If you lose all 
the cover, that's a 100% cover loss using my 

system. Otherwise, it would be only a 20% 
absolute cover loss. Compare that to a 
community with 60% initial cover and 30% 
cover after use. In this case, there has 
been a greater absolute cover loss, 30%, but 
you have only lost half of the cover. In my 
opinion, this is less significant and that is 
why I chose relative cover. As I've said 
before, this is a subjective decision based 
upon a management decision as to which is 
better or worse. Maybe we need both. 

Comment: Did you try applying the overall 
susceptibility rate to your own studies? 

Cole: No, I only measured cover loss and 
change in species composition. I have not 
had a chance to use the expanded 
susceptibility rating system. 

Comment: Off the top of your head, what 
ecosystem do you think would come out most 
susceptible? The forest type? 

Cole: I'm not really in a position to say 
because, as I have stressed, susceptibility 
can only be defined in terms of management 
priorities. Forests are probably least 
susceptible if visual impact is given 
overriding importance, while meadows are 
least susceptible to vegetation alteration. 
Before this question can be answered, we need 
to know more about wildlife disturbances and 
soil changes and managers need to assign 
priorities to the various types of change. 
The answer will vary from place to place due 
to differences in environment and management 
objectives. 

Comment: I'm one of the land managers for 
the Eagle Cap Wilderness and I really enjoyed 
your comments. We're really concerned about 
lake shores and the vegetation changes 
there. I was wondering if you noticed in 
your studies if these same patterns held true 
at lake shores--are forested lake shores more 
impacted than open lake shores? 

Cole: Many of the areas I studied were 
around lakes, such as Horseshoe Lake. I did 
find that forested areas around these lakes 
were more highly impacted by camping than 
subalpine meadows. On the other hand, trails 
through perennially wet meadows around 
lakeshores may be particularly damaging to 
soils. In terms of vegetation change, 
however, even under these conditions, trails 
cause less change in meadows than in forests. 
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ABSTRACT--Human trampling is shown to have detrimental effects on 
low-growing vegetation. Measurements of the vulnerabilities to 
experimental tramplings and subsequent recoveries of 21 perennial 
plant species near 2,900 m (9,600 ft) in the Sierra Nevada are 
given. 

The trampling effects are evaluated in terms of a survival rate 
based on the percent of the original cover surviving 100 standard 
steps. Trampling impact on plants is viewed as the collective 
result of several distinct trampling effects: shearing, crushing, 
gouging, grinding, and ripping. 

Herbaceous plants with basal leaves generally exhibited the 
greatest resistance to trampling. Plants were usually found to be 
more vulnerable to trampling damage in the late summer (September) 
than in the early summer (end of July to mid-August). Layered 
communities, thick or revolute leaves, or moist peaty soil with a 
dense root content and a stable surface, tended to cushion plants 
from damage. Plants most sensitive to trampling were those with 
woody stems above the ground and those with tall, entirely 
herbaceous and caulescent shoot stems. 

Recovery rates in subsequent seasons vary widely between plants of 
the same growth form. Extreme differences are noted between the 
survival and recovery rates of the same plant species. 

Human urine was applied by several methods to 22 low-growing plant 
species. The effects are found to vary greatly between species. 
Leaf contact with urine is determined to be the principal cause of 
plant damage. Animals show a preference to feed upon such plants. 
The extent of urine damage to plants in backcountry camp areas 
appears insufficient to be considered important in management. 

plants found throughout the western part of 
the continent. Growth form is especially im
portant in studies of trampling vulnera
bility. In addition, since the Yosemite 
plants must withstand the rigors of montane 
environments, it seems reasonable to 
conclude that their physiological processes 
are representative of other species in 
similar ecosystems. 

URINE EXPERIMENTS 

We poured 200 ml doses of urine over 
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INTRODUCTION 

Our experiments, conducted near an ele
vation of 2930 m (9600 ft) in Yosemite Na
tional Park, tested the relationships of 
human urine and trampling to changes in low-
growing, subalpine vegetation. The plant 
species studied (Table 1) are distributed in 
varying degrees throughout the mountainous 
regions of Western North American (Dean 
Taylor, personal communication). Even those 
species whose distribution is limited are 
representative, in terms of growth forms, of 
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Table 1. Recognized western North American 
distribution of plant species examined in 
trampling and urine impact studies, Yosemite 
National Park 



each plant, much as campers might do it. 
(Gershenfeld 1943). Control plants received 
200 ml of water. The results are shown in 
Table 2. 

All of the plants which showed any 
tissue damage due to urine application, ex
cept for Vaccinium nivictum in a sunny loca
tion, began to deteriorate within six days 
from the time of application. Damage from 
urine, if any, occurred consistently only to 
the leaves. Their contact with the salt-
laden urine may cause the onset of the 
osmotic movement of water out of the plant 
tissues, causing dessication. Most of the 
plants susceptible to direct urine damage 

were also eaten. The extremely irregular 
lengths of the remaining stems indicated that 
they were probably eaten one at a time by 
rodents that were probably seeking the salts. 
There was no visual evidence of plants bene
fitting from urine. 

Two species exhibited particularly in
teresting symptoms. Oryzopsis kingi i, a 
fine-bladed grass, showed small, whitish and 
crystalline deposits near the tip of each 
leaf two days after the urine was applied; 
salt glands may be involved. The leaves of 
Sal ix Eastwoodiae turned brown from their 
edges or tips inwards, an unusual pattern of 
browning which does not occur under normal 

Table 2. Results of urine application, August 13-15, 
1975 

1/ U = unaffected 
S = seasonal change preempted experimental results 
T = temporary change, but recovered by September 15 
Ds • slightly damaged 
Es = slightly eaten, but recovered by September 15 
D = more than 50% severely damaged 
E = more than 50% eaten 
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Genus species Results —' 

Antennaria alpina (L.) Gaertn. var. media 
(Greene) Jeps. U 

Aster alpigenus spp. Andersonii (Gray) Onno U 
Calyptridium umbel latum (Torr.) Greene Ds,E 
Carex festivella Mkze. U 
Castilleja Lemmonii Gray E 
Eriogonum incanum T. & G. U 
Juncus Parryi Engelm. U 
Kalmia polifolia Wang. var. microphylla 

(Hook.) Rehd. (moist) Ds 
Kalmia polifolia Wang. var. microphylla 

(Hood) Rehd. (dry) U 
Lupinus Covillei Greene D,E 
Lupinus Lyallii Gray var. danaus (Gray) Wats. Ds,E 
Mimulus primuloides Benth. S 
Oryzopsis kingii (Bol.) Beal. U 
Phyllodoce Breweri (Gray) Heller T 
Pinus Murrayana Grev. & Balf. Ds 
Polygonum bistortoides Pursh. U 
Salix Eastwoodii Ckll. (?) Ds,E 
Senecio Scorzonella Greene Es 
Senecio triangularis Hook. U 
Sphenosciadum capiteleatum Gray Es 
Stipa occidental's Thurb. U 
Vaccinium nivictum Camp, (sunny) D 
Vaccinium nivictum Camp, (shady) U 
Veratrum californicum Durand. Es 



circumstances. The leaves also were very 
shiny for a couple of days after the. urine 
was applied to their surface; this was 
probably caused by salt crystallization, 
which could be the result of salt-gland 
secretion or of salts being left behind as 
the urine was evaporated from the leaves. 

Numerous additional experiments and de
tailed observations of changes in each plant 
species due to urine application allowed us 
to recognize when a plant's leaves were 
damaged by urine (Holmes and Dobson 1976). 
Armed with this knowledge, the vegetation in 
and around dozens of campsites in Yosemite 
was examined for evidence of direct urine 
damage. The only case observed was in 
Vaccinium nivictum, and it recovered in a 
couple of weeks. Therefore, it appears that 
direct effects from urinating on plants are 
rarely a problem in wilderness campsites. 
However, indirect effects of urine, such as 
concentrating the activities of salt-craving 
animals, can be fairly serious (Bruce 
Moorhead, personal communication). 

TRAMPLING EXPERIMENTS 

In the trampling study, the relative and 
absolute rates of defoliation of 21 different 
plant species were determined (Holmes and 
Dobson 1976). Several important variables 
were analyzed: differences between indi
vidual tramplers, the constitution of the 
standard step, the nature of trampling im 
pact, and the relationship of different 
growth habits, morphologies, seasons, 
slopes, and habitats to plant survival rates 
(Figure 1). Plot recovery rates were also 
determined. 

Substantial differences in sizes of 
tramplers, as well as the sizes of their 
loads, make it necessary to consider dif
ferences in their relative impacts. It was 
found that an individual's impact is closely 
tied to body weight, and we used this con
clusion to derive a standard step considered 
representative of the typical Yosemite back-
country user (Harper et al. 1961, Scott 
1942, and Steindler 1955). Since our primary 
concern was with campsite deterioration and 
because backpack weights are very variable, 
we used tramplers without packs. The typical 
backcountry user weighed 66 kg (145 lbs). 
This weight, when concentrated on a lug sole 
of the appropriate size, was about .83 kg/sq 
cm (12 Ibs/sq in). In our group of fifteen 
experimental tramplers, the coefficients for 
an individual's step to the standard step 
ranged from 0.7 to 1.3. Due to the short 

length of the study plots, it was not 
necessary to consider variations in stride 
length. 

Each subdivision of the gait has its own 
particular pressures and motions in regard to 
affecting vegetation (Figure 2). 

Shearing occurs during the swinging 
phase of the leg; the front edge of the boot, 
and to some extent the sole, move rapidly 
forward a few centimeters above the ground or 
vegetation surface, pushing over and lightly 
abrading or clipping off the taller stems. 
The shorter plants (those less than 3 cm 
high) are usually spared from any contact. 
Those which are slightly higher (that is from 
3 to 5 cm) may or may not be touched, 
depending on the trampler's inclination to 
lift his feet. Plants from 5 cm to 30 cm high 
are almost always struck. Tender leaf blades 
and flowering stems are usually torn or 
broken by this movement. 

Crushing is the principal effect on 
vegetation when the body's weight is applied 
downward. Any plant underfoot subject to 
this pressure is flattened. Plants with 
upright leaves, brittle petioles or stems, or 
stalks with unpliable and erect leaves are 
particulary vulnerable to this force. 
Crushing appears to be the most extensively 
destructive of the trampling impacts. Its 
damaging effects may be lessened by the pres
ence of cushioning, as found in a layered 
plant community, or where the leaves are 
thick or revolute. 

Gouging, or digging, occurs as the foot 
first contacts or leaves the ground. The 
small boot area in contact with the ground 
and the great pressure exerted make this a 
very damaging motion, although it does not 
compare in the extent of its effect with 
crushing. Gouging can lead to the rapid 
removal of soft soil from around and beneath 
plants, exposing subterranean parts to 
crushing and removing soil support under 
prostrate plant parts. 

Grinding, twisting the foot while it is 
supporting the body, usually occurs when 
making a sharp turn, especially from a stand
still position. It contributes signif
icantly to the total defoliation which is 
common in the center of campsites. 

Ripping is the downward sliding of the 
boot due to inadequate friction between the 
boot and the ground surface. Pressure is 
accentuated at the uphill edge of the boot in 
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Figure 1. Individual hiker heftiness, plant species characteristics, and 
environmental factors combine to create trampling vulnerability 
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Figure 2. Effects of gait on vegetation 

an effort to cut into the surface and reach a 
more stable, as well as a more comfortable 
(flatter) footing. Repeated gouging in this 
manner creates a contoured trail when it 
occurs across slope and a depressed, unstable 

channel when up-and-down slope. Ripping and 
topographically induced gouging play a small 
role in trampling impact in the normally flat 
camp areas; however, their impact is sub
stantial on slopes or at embankments such as 
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near the edges of streams or lakes. 

It is clear that the overall amount of 
impact upon vegetation in a given area is 
closely tied to these motions of the boot. 
But equally important are environmental fac
tors and the characteristics of each plant 
species. 

The plants we chose to study are fairly 
common in the lodgepole-subalpine ecoystem 
of Yosemite. They are all perennials and 
between them represent the growth forms found 
in alpine, subalpine, and lower meadows 
throughout the west. Some of the plants are 
forest-floor residents, others occupy 
riparian habitats, and others are typical of 
open meadows. Most of the species have a 
broad elevation range. It should be noted 
that the same species generally becomes in
creasingly diminutive with higher ele
vations. Differences in plant size, such as 
occur with elevation changes, can noticeably 
influence trampling vulnerability. 

Twenty-one plots of nearly pure or pure 
stands of the different species were laid 
out. In addition, there were five plots of 
extremely mixed composition. All plots were 
1 m wide with one-half of that meter being a 
control area not subjected to trampling. The 
plot was trampled repeatedly over a few days' 
time and the rates of defoliation were noted. 
Full descriptions of the methodology are to 
be found in Holmes and Dobson (1976). 

A survival rate was calculated for each 
plant species, representing resistance to 
trampling. The survival rate is the per
centage of original absolute cover surviving 
100 standard steps on an area of one-half 
square meter. Survival rates ranged from 
over 95% for very resistant plants, to less 
than 1% for extremely vulnerable species. 

The plants were trampled during either 
the early season (end of July into early 
August) or the late season (September). For 
each species, a comparison was made of vul
nerability during the two periods. When the 
plants were vigorous and green in the early 
season, they were usually more resistant to 
trampling damage than in the late season, 
when they were past flowering and often some
what dried and more brittle. 

Senecio triangularis typifies the most 
vulnerable plants, those with tall, entirely 
herbaceous, and caulescent shoot systems 
(Figure 3). One or two steps are adequate to 

do substantial amounts of damage. Its sur
vival rate is only 10% in the early season 
and less than 1% in the late season. 

Another \/ery vulnerable plant is 
Calyptridium umbel latum. Several factors 
are involved: its being only a few centi
meters across, its very sparse density of 
cover, the fact that its habitat is sandy, 
often dry soil, and its having only a taproot 
incapable of binding the soil (Figure 3). 
These factors combined to allow it to be 
easily buried by gouging; the soil, especial
ly when dry in the late season, readily 
shifted over the plant. 

Vaccinium nivictum, bilberry, is a com
mon woody-based brittle groundcover with 
thin, tender leaves, weak petioles and nodes, 
and very short stature (Figure 3). In having 
erect leaves, it is more vulnerable than many 
woody-stemmed plants, although its short 
stature provides some protection in that 
stems cannot be crushed down very far before 
they are supported by the ground. We 
measured vulnerability of this plant when it 
was growing on different slopes. On level 
ground the survival rate was 10%. On a 13 
degree slope, the survival rate was 5%. On a 
32 degree slope, the survival rate was less 
than 1%. These differences are primarily due 
to ripping. 

The arrangement of the leaves in a basal 
rosette often increases survival rates. 
Senecia Scorzonella (Figure 3) has very tough 
and pliable leaves which are highly resistant 
to abrasion and tearing. Its early season 
survival rate was 90%; later it was 30%. 

As a group, the most resistant growth 
forms are the so-called bunch grasses. 
Juncus Parryi has the same growth form (Fig
ure 3). They are characterized by tough, 
wiry, densely bunched blades. The blades 
arise from sheaths clustered just above the 
ground. Their survival rates typically 
exceed 80%. 

Table 3 shows the average of early and 
late season survival rates for a number of 
plant species in relation to their growth 
forms and morphological characteristics. 
Clearly we must know a great many things in 
order to decide the vulnerability for an en
tire plant community, not the least of which 
is the influence of community members in pro
viding cushioning and protection for one 
another. 

The survival rate give us only an index 
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Figure 3. Growth forms of five exemplary plant species 
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Table 3. Morphological characteristics of each trampled plant species, listed in order of the 
average of their early and late season survival rates 

SPECIES 

Aster alpigenus 
Oryzopsis k i n g i i 
Poa e p i l i s 
Calamagrostis sp. 
Juncus Parry i 
Moss 
Antennaria a lp ina 
Carex scopulorum 
Senecio Scorzonel la 
Lupinus L y a l l i i 
Phyllodoce Breweri 
Sa l ix Eastwoodiae 
Calypt r id ium umbellatum 
Mimulus pr imuloides 
Eriogonum incanum 
Vaccinium n iv ic tum 
Polygonum b i s t o r t o i d e s 
Lupinus C o v i l l e i 
Senecio t r a n g u l a r i s 
C a s t i l l e j a Lemmonii 
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of the rate of damage being sustained during 
the present season of use. However, there is 
as wide a variation in recovery rates (one 
year after trampling) as there is in survival 
rates. The plots showed mixed degrees of 
recovery. The factors involved in accounting 
for differences between the species probably 
include such items as the amounts of root 
carbohydrate reserves, degree of damage due 
to trampling, location of regenerative buds, 
extent of interconnecting root systems with 
untrampled areas, weather, amount of later 
trampling, aspect, season of initial 
trampling, and rodent activity (Bates 1938, 
Billings and Mooney 1968, Burcham 1957, and 
Davies 1938). The recovery rates were often 
over 90%. Probably this is because the 
virgin sites were only trampled over one 
brief period and the trampling was not 

repeated, as would often occur in camp areas, 
but there are also some low rates of 
recovery. A table of the recovery rates has 
not been included because they are still 
under investigation. 

Plants of the same community or same 
growth forms tend to have different survival 
or recovery rates. Sometimes similar growth 
forms have similar survival rates, but these 
are dependent upon none of the species having 
a particular morphological weakness, such as 
weak petioles or tender leaves. In general 
both survival and recovery rates are highly 
specific to each individual species. And the 
rates may vary for each environmental factor 
such as community composition, slope or 
weather. 
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CONCLUSION 

The direct effects of urine on plants 
probably need no further attention. 
Trampling effects, however, are substantial 
and need considerable additional study. 

In the face of an overwhelming number of 
variables affecting trampling vulnerability, 
we must monitor the change in vegetation in 
use areas and seek to manage wilderness users 
in response to that observed change. Over an 
extended period, this will provide an idea of 
long-term effects of repeated trampling, and 
thus guide us, ever so slowly, into pre
dictive management. 

ACKNOWLEDGMENTS 

Without the tremendous assistance of 
Ms. Heidi Dobson of the Department of Botany 
at the University of California at Berkeley, 
this research would have been impossible. 
Drs. Jan W. van Wagtendonk and John R. 
Parmeter provided their enthusiastic sup
port, an essential element. Special thanks 
to Ms. Lou Ellyn Mills and Ms. Andrea 
Thrams, freelance artists, for their 
illustrations which brighten the text and 
enlighten the reader. Finally, my 
appreciation to Dr. Dean Taylor for the use 
of his data on plant distributions. 

REFERENCES CITED 

Bates, G. H. 1938. Life forms of pasture 
plants in relation to treading. J. of 
Ecol. 26: 452-454. 

Billings, W. D. and H. A. Mooney. 1968. The 
ecology of artic and alpine plants. Biol. 
Rev. 43: 481-529. 

Burcham, L. T. 1957. California range land, 
an historico-ecological study of the 
range resource of California. Division of 
Forestry, Department of Natural Re
sources, State of California, Sacramento. 
261 p. plus 2 maps. 

Davies, William. 1938. Vegetation of grass 
verges and other exclusively trodden 
habitats. J. of Ecol. 26: 38-49. 

Gershenfeld, Louis. 1943. Urine and 
urinanalysis. Lea and Febiger, Phila
delphia. 

Harper, F. G., W. J. Warlow and B. L. 
Clarke. 1961. The forces applied to the 
floor by the foot in walking. National 
Building Studies Research Paper 32; 
Department of Scientific and Industrial 
Research, Building Research Station. Her 
Majesty's Stationery Office, London. 28 
P. 

Holmes, Daniel 0. and Heidi E. M. Dobson. 
1976. Ecological carrying capacity re
search: Yosemite National Park. Part I. 
The effects of human trampling and urine 
on subalpine vegetation, a survey of past 
and present backcountry use, and the 
ecological carrying capacity of wilder
ness. Available U. S. Department of 
Commerce, National Technical Infor
mation Service, Accession Numbr PB270-
955. 

Scott, M. Gladys. 1942. Analysis of human 
motion, a textbook in kinesiology. F. S. 
Crofts, New York. 388 p. 

Steindler, Arthur. 1955 Kinesiology of the 
human body under normal and patho-logical 
conditions. Charles C. Thomas, Pub
lisher, Springfield, Illinois. 708 p. 

DISCUSSION 

Weaver: You have described strong effects of 
human urine on high grasslands. In contrast, 
I see little effect of cow urine in high Idaho 
fescue grasslands. I had always imagined that 
spots of unusually bright bluegreen grass were 
due to the fertilizer effect of cow urine, but 
when I applied 500 ml of cow urine to each of 
thirty-five quadrats (225 square cm) I 
observed no effect in the first or in any of 
the following five years. On the other hand, 
cow manure "pats" applied at the same time 
eliminated existing vegetation and have 
allowed few plants to reestablish themselves 
in the following five years. T. Weaver, 
Montana State University, Bozeman, MT 59717. 

SUMMARY SESSION COMMENTS noted little direct 
impact of urine on plants, but added that a 
significant indirect impact may exist due to 
the salt attraction for insects and mammals. 
Ungulates, especially deer, elk, and goats, 
will consume vegetation or soil that has been 
urinated upon, and some animals may even folow 
people around waiting for such an event. Elk 
have been known to collar themselves with old 
toilet seats as they nose down into old 
makeshift privies. 
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ABSTRACT--The impact of ORV traffic on vegetation in the Denali 
Highway region of Alaska varied from little noticeable effect to 
drastic alterations. The amount of traffic, plant habitat type, 
and soil stability properties are the most important factors 
influencing the degree of plant injury that occurs. These factors 
are closely interrelated, and any one often influences the other. 
All of the heavily used trails are denuded of vegetation. Less used 
trails have no vegetation remaining in the tracks but have good 
plant cover in the middle of the trail. All ORV traffic causes some 
injury to the tundra vegetation. The weight of the vehicle causes 
the plants to bend and break. Under favorable soil conditions, how
ever, the injury to the low growing plants, a result of a single 
pass of a vehicle is usually slight to moderate and the plants 
recover without any long-term effect. The taller shrubs, such as 
willow and shrub birch, are more susceptible to damage than the low-
growing plants. Sedges appear to be most resistant to sustained ORV 
traffic. The sedges are the first plants to reinvade the wet areas; 
whereas, the grasses are usually the first to revegetate the drier 
sites. Vegetation on shallow, gravelly, or cobbly soils is more 
subject to injury than on deeper, well-drained soils. 

INTRODUCTION 

In 1975, a multidisciplinary research 
proposal was funded by the Bureau of Land 
Management (BLM) to develop baseline data on 
resources and recreational activity in the 
Denali Highway area. Two distinct efforts 
were implemented during the summer field 
season. One component involved gathering of 
information on recreational activity in the 
study area. Survey research was employed to 
obtain data on the types, amounts, and pat
terns of outdoor recreation activity (John
son 1976, 1977). 

The other component sought information 
about soils and vegetation in the study area. 
The investigators focused their attention on 

effects of off-road vehicle (ORV) activity on 
the resource base. Revegetation test plots 
were also initiated in a heavily used area of 
a campground. The results of the soils and 
vegetation analysis were reported to the 
Bureau of Land Management. (Sparrow 1976). 
A portion of the report, emphasizing soil 
classification and soil compaction has re
cently been published in the Journal of Soil 
and Water Conservation (Sparrow et al.. 
1978). This paper will deal primarily with 
an assessment of ORV damage to tundra 
vegetation and with plant-soil relationships 
which determine the degree of damage. 

DESCRIPTION OF DENALI HIGHWAY AREA 

The Denali Highway is a two-lane, gravel 
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road which runs 217 km east-west from Paxson 
to Cantwell, Alaska, and parallels the south 
side of the Alaska Range at about 63 degrees 
north latitude (Figure 1). The elevation is 
approximately 800 m at Paxson about 670 m at 
Cantwell. The highest point along the high
way is 1,245 m at Maclaren Summit. The high
way generally follows the ridges, which are 
glacial moraines and eskers. The area is 
geologically young. The underlying stratum 
in most of the region is glacial drift which 
was deposited during the last glacial advance 
about 8,000 years ago. There is little 
permanent development in the region, and the 

At higher elevations and on exposed 
slopes, the vegetation is characteristic of 
alpine tundra of which the major plants are 
low-growing shrubs such as white-mountain 
avens, alpine bearberry, crowberry, bog 
blueberry and lowbush cranberry; herbaceous 
plants such as moss campion, black oxytrope, 
and bistort; mosses; and lichens. 

There are sparse stands of white spruce 
at lower elevations and in the river valleys. 
Many species of shrubs can be found in the 
spruce forests. 

Figure 1. Denali Highway area of Alaska. Numerals denote locations of some major ORV trails. 

highway is usually open and maintained only 
from mid-June to the end of September. 

There are several vegetative types of 
which the most extensive is moist tundra. 
The major plants are tall shrubs such as wil
low and resin birch, short shrubs such as 
dwarf arctic birch, and many low-growing 
shrubs of the Heath family such as narrow-
leaf Labrador tea, bog blueberry, lowbush 
cranberry, and alpine bearberry, and mosses. 
There are many tundra bogs which often con
sist of almost pure stands of sedges. 

On the north side of the highway, the 
mountains are close to the road (5 to 8 km). 
Several large lakes are within hiking dis
tance. Except near Cantwell, most of the 
area south of the highway is flat to rolling, 
often boggy, tundra interspersed with many 
lakes. The entire area is popular for sight
seers, hikers, and hunters (both on foot and 
in ORV's). There are many trails leading 
away from the highway to fishing or hunting 
areas. Many of these areas are accessible 
only by ATV's (all terrain vehicles), alt
hough some of the trails are good enough 
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during dry weather to be driven across with 
conventional highway vehicles. 

The lands along the Denali Highway are 
administered by the Bureau of Land Management 
(BLM). According to the provisions of the 
Alaska Native Claims Settlement Act of 1971 
(ANCSA), most of this area has been desig
nated as national interest (D-l) lands. It 
is anticipated, therefore, that the BLM will 
continue its administrative responsibilities 
here, and that outdoor recreation will 
continue to receive primary consideration in 
decisions related to resource allocation and 
land use. 

APPROACH 

Several representative ORV trails were 
selected for study of the effects of traffic 
on vegetation and soils. We hiked these 
trails and took notes on the general con
dition of the vegetation and soil in the 
trails. Sites along each trail were selected 
for more detailed descriptions. 

The predominant plant species, both in 
the trail and in the undisturbed areas, were 
listed. Changes in composition and damage to 
individual plants were noted. Plant samples 
were collected and brought into the labora
tory for positive identification. Photog
raphs were taken of the vegetative cover in 
the undisturbed area and of the trail so that 
different sites could be compared and so that 
changes with time could be observed. 

ASSESSMENT OF DAMAGE 

The impact of ORV traffic on vegetation 
and soils in the Denali Highway region of 
Alaska varied from little noticeable effect 
to drastic alterations. The degree and type 
of impact was dependent on certain soil and 
terrain characteristics, plant habitat type, 
type of vehicle, and time and amount of use. 
These factors are closely interrelated, and 
any one often influences the other. Amount 
of traffic, plant habitat type, and soil 
stability properties are the most important 
factors influencing the degree of plant in
jury that occurs. Soil depth, texture, and 
drainage are the most important factors in
fluencing the impact of traffic on soils, 
although slope, vehicle type, vegetative 
cover, and amount and time of use can be 
significant. 

All the heavily used ORV trails are 
denuded of vegetation. Less-used trails have 
no vegetation remaining in the tracks but 

have a good plant cover in the middle of the 
trail. All ORV traffic causes some injury to 
the tundra vegetation. The weight of the 
vehicle causes the plants to bend and break. 
Under favorable soil conditions, however, 
the injury to the low-growing plants as a 
result of a single pass of a vehicle is 
usually slight to moderate and the plants re
cover without any long term effect (Table 1). 
The taller shrubs, such as willow and shrub 
birch, are more susceptible to damage than 
the low-growing plants. Sedges appear to be 
most resistant to sustained ORV traffic. The 
sedges, especially Eriophorum sp., are the 
first plants to reinvade the wet areas; the 
grasses, especially Calamagrostis sp., are 
usually the first to revegetate the drier 
sites. 

Time and type of traffic can be an im
portant factor influencing both soil and 
plant damage. Many soils become unstable 
when wet, at spring break-up or during a 
rainy period, for example. A single pass 
with a vehicle may cause deep ruts in the 
soil and kill the vegetation. Very little 
effect would be noticed if the soil were in a 
dry or frozen state. Conventional wheels 
usually cause deep ruts and more complete 
vegetation removal than do track vehicles. 
Track vehicles cause deep ruts only under 
very unstable soil conditions. However, the 
total area affected is greater with track 
vehicles than with conventional wheels. 

Poorly drained soils are often the most 
damaged soils in the trails, especially if 
subjected to heavy use. These trails usually 
have a thick mat of moss and undecomposed 
organic matter on the surface. This thick 
cover acts as an insulator that protects the 
soil from temperature extremes. The soil 
usually does not thaw below a few centim
eters, even during the warmest summer months. 
The protective covering of organic material 
helps cushion the weight of passing vehicles. 
It also acts as a sponge and absorbs water. 
When this mat of organic material is 
destroyed by repeated traffic, the soil 
absorbs more radiation, warms faster, thaws 
faster and deeper during the summer and 
usually becomes soggy. Also, the warming and 
the tilling effect of vehicles churning the 
soil causes an increase in the decomposition 
rate of organic matter. This, in combination 
with compaction, reduces the soil porosity. 
With the absorptive organic layer missing, 
water becomes ponded and the area becomes a 
quagmire. A major problem with many trails 
is that in trying to avoid the quagmire 
caused by previous use, ORV drivers widen the 

91 



Table 1. Some common plants identified in the Denali Highway area and 
relative damage resulting from light ORV traffic under favorable soil 
conditions 1 

Scientific name Common name Degree of Injury 

Arctostaphylos alpina 

Betula glandulosa 

Betula nana 

Calamagrostis sp. 

Carex bigelowii 

Drayas octopetala 

Empetrum nigrum 

Eriophorum sp. 

Ledum decumbens 

Ledum qroenlandicum 

Poa sp. 

Polygonum bistorta 

Rubus chamaemorous 

Salix sp. 

Vaccinium uliginosum 

Vaccinium vitis-idaea 

alpine bearberry 

shrub birch, resin birch, 
glandular birch, bog birch, 
dwarf birch 

dwarf arctic birch, dwarf 
alpine birch, dwarf birch 

reedgrass 

bigelow sedge 

white mountain-avens 

crowberry 

cottonsedge, cottongrass 

narrow-leaf Labrador tea 

Labrador tea 

bluegrass 

meadow bistort 

cloudberry 

wi 11ow 

bog blueberry 

lowbush cranberry, mountain 
cranberry, lingonberry 

Moderate 

Severe 

Moderate 

Slight 

Slight 

Moderate 

Moderate 

Slight 

Moderate 

Moderate 

Slight 

Severe 

Moderate 

Severe 

Moderate 

Moderate 

With heavier traffic or wet soil conditions, virtually all vegetation, with the 
exception of a few scattered grasses and sedges, were destroyed. 

trail. Repeated traffic gradually increases 
the width of the trail and the quagmire until 
it may become 20 to 30 m wide. 

Soils which are gravelly or cobbly or 
very shallow soils which have a good gravel 
or cobble base are less susceptible to ero
sion than deep, gravel-free soils. Even on 
steep slopes, these soils are only slightly 
eroded whereas deep, loose soils, may be 
severely eroded when the vegetation is re
moved even on gentle slopes. However, veg
etation on shallow, gravelly, or cobbly soils 
is more subject to injury than on deeper, 

well drained soils because it is growing in a 
more stressful environment and has a weaker 
root system. 

ORV trails do make visible scars on the 
tundra landscape and because the vegetation 
is low growing, these scars are sometimes 
visible for great distances. To some extent 
this is unavoidable if trails are to exist, 
but many specially unsightly features of the 
trails could be avoided. Many trails have 
several branches leading off the highway but 
eventually coming together to form one main 
trail. Also, there are often several 
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branches rather than one trail going around 
obstacles such as a steep hill, small lake or 
boggy area. In boggy areas the trail becomes 
a wide quagmire. 

RECOMMENDATIONS 

To determine which areas are sus
ceptible to damage and which are suitable for 
trail, detailed soil surveys should be done 
in areas of existing trails or in areas where 
future trails may be built. 

The effect of ORV's on plants and soils 
alters the aesthetic quality of the lands
cape. While aesthetic judgments are subj
ective and dependent on the values of the 
individual, it must be recognized that some 
changes in the environment may be necessary 
for an area to meet its recreational poten
tial. To preserve the wilderness character 
in an area, these changes should be kept to a 
minimum. 

At the present time, ORV traffic is a 
significant part of the recreational use of 
the Denali Highway region. ORV traffic will 
likely increase in the area unless it is reg
ulated. As it is unlikely that ORV traffic 
will be eliminated, certain preventive 
measures can be implemented to minimize its 
impact. 

To encourage ORV drivers to use the main 
trails rather than making several branches, 
all but one main entrance to each trail from 
the highway should be closed and the closed 
trails revegetated. In some instances where 
trails pass through areas with soils which 
are highly susceptible to damage, trails may 
need to be rerouted. If trails are rerouted, 
or if new trails are built, they should 
follow ridgetops and avoid, as much as 
possible, areas which are steep, boggy, or 
have erodible soils. In many cases, it may 
not be feasible to reroute existing trails 
and when building new trails it is impossible 
to avoid all areas that are susceptible to 
soil damage. Where trails pass through bogs, 
the widening of the trail should be 
prevented. In extreme cases of soil damage, 
trail improvement by hauling in gravel, 
diverting water flow or building corduroys 
may be necessary. 

In areas where severe erosion has al
ready begun, erosion control measures should 
be taken as quickly as possible. Revegeta-
ting the areas with sod-forming plants is 
often sufficient but where gullies are 
forming, damming with bales of straw, brush 
or logs will likely be required. More re
search is needed to determine the best 
methods and materials to use for revegetation 
and erosion control. 
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ABSTRACT--The following conclusions are drawn from experimental 
trampling of natural vegetation. Trampling impact increases as 
numbers of passes increase. Grassy vegetation is more resistant to 
trampling than are tree seedlings, shrubs, or forbs. Impact 
increases from hiker to motorcycle (12 MPH) to horse traffic. 
Trampling impact is greater on slopes than on level sites; it tends 
to be greatest for hikers and horses moving downslope and for 
motorcycles moving upslope. Five years after the experiment, 
recovery of vegetation cover is 55% in an alpine meadow, 50% in the 
shrubby understory of a forest, and nearly 100% in a grassland; 
though some recovery of soils is apparent most trail sites are still 
deeper and more compact than adjacent untrampled sites. 

INTRODUCTION 

This paper reviews quantitative studies 
of trampling made in the Pacific Northwest 
with the object of relating trail condition 
to amount of use, vegetation used, type of 
user (hiker, motorcycle, or horse), slope, 
and season of use. New data are presented on 
rates of recovery of two trampled sites. 
Trail condition has also been related to site 
conditions such as vegetation type, land 
form, and substrate (Helgath 1975, Cole 
1978). 

METHODS 

Studies relating trail condition to the 
quantity of use have been based on 
measurements along preexisting trails with 
known amounts of use (Dale and Weaver 1974, 
Helgath 1975) or on purely experimental 
trails with known use levels. Other 
experimental studies as well as this paper 
have considered a variety of variables: 

number of passes, vegetation types (Table 2), 
different tramplers (Weaver and Dale 1978), 
various slopes (Weaver and Dale 1978), 
different seasons (Foster 1977), and after 
different recovery times (Bell and Bliss 
1973, Hartley 1976). In some studies the 
trampling was concentrated in a period as 
short as two weeks (Weaver and Dale 1978) 
while in others it was spread evenly through 
seasons as long as six weeks (Bell and Bliss 
1973, Landals and Scotter 1974, and Hartley 
1976). Although comparisons of the two 
methods have shown relatively little 
difference between them (Cieslinski and 
Wagar 1970, Landals and Scotter 1974) we 
doubt the generality of this conclusion. 

RESULTS AND CONCLUSIONS 

Though the principal impact of 
travelers is on the trail itself a broader 
corridor is affected. Transect data show 
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that some plants common in the forest 
understcry, especially shrubs and taller 
herbs, dissappear at the edge of trails--
perhaps because they are unable to tolerate 
trampling. Other plants, especially 
introduced and native meadow plants are most 
common at the trail's edge--perhaps because 
of increased light, precipitation, 
fertilization, and seed supply at the trail's 
edge. The affected area apparently extends 
only 1m beyond the trail's edge in Agrostis-
Agropyron-Trisetum meadows (Foin et al 
T977), T-2 m beyond the trails's edge in 
forests (Dale and Weaver 1974), and 2-5 m 
beyond the trails edge in heavily used alpine 
meadows (Hartley 1976). Scanty data suggest 
that some animals may increase or decrease--
according to species--as one approaches a 
trail or campground (Chester 1976 and Foin et 
al 1977). 

Impact generally increases with 
increased user number whether hiker, 
motorcycle or horse (Table 1, Bell and Bliss 
1973, Landals and Scotter 1974, Schreiner 
1974, Hartley 1976, Weaver and Dale 1978): 

3) Trail depth continued to increase up to 
and after 1000 passes (Table 1 and Weaver and 
Dale 1978). Well-established trails used by 
1,000 to 5,000 individuals per year average 
4-5 cm deep for hikers and 7-11 cm deep if 
both hikers and horses were included (Dale 
and Weaver 1974). 
4) Soil bulk density (compaction) also 
increases steadily through at least 1000 
hiker passes (Table 1, Weaver and Dale 1978). 

Vegetation dominated by graminoids 
usually tolerates more trampling than 
vegetation dominated by more easily broken 
forbs or shrubs (Table 2). Some plants may 
largely avoid the direct effects of trampling 
by growing in non-trampling seasons; for 
example, Erythronium grandiflorum may 
complete much of its life cycle before 
trampling begins in many Rocky Mountain 
vegetation types (Dale and Weaver 1974 and 
Hartley 1976). Trample-avoiders may be 
benefited more by release from competition 
than they are inhibited by compaction of 
soils in which they grow. In high meadows 
(wet to dry) of the Olympic Peninsula, 

Table 1. The effect of hiker use on level meadow vegetation (Festuca-Poa) 

Number of passes 

bareground (%) 

width (cm) 

depth (mm) 

bulk density 
(gm/cc) 

0 

2+ 2 

0+ 0 

16+ 2 

1.01+ 
0.01 

300 

8+ 3 

12+ 5 

37+11 

1.09+ 
0.07 

600 

18+4 

24+ 4 

39+ 3 

1.11+ 
0.03 

900 

45+ 8 

26+ 3 

40+ 4 

1.18+ 
0.02 

1) Percent bare ground is expected to 
equilibrate at 100% when use levels become 
sufficiently high. 
2) Trail widths continued to increase slowly 
through 1000 passes in our experiment due to 
the natural tendency of tramplers to wander 
(Weaver and Dale 1978). This tendency will 
be aggravated if obstacles such as stone, 
roots, mud, or manure appear in the trail as 
well as near the beginning or end of a trail 
where tramplers often walk abreast. In Rocky 
Mountain forests and meadows, trail width 
seems to increase with the logarithm of user 
visits per year from a meter with 1000 visits 
per year to 2 meters with 10,000 visits per 
year (Dale and Weaver 1974). 

Schreiner (1974) found that 500 tramplings 
reduced grass cover by 5-47%, forb cover by 
65-68%, dwarf shrub cover by 85%, moss cover 
by 6-44%, and lichen cover by 44-85%. 

User impact generally increases from 
hiker to cycle to horse. (Table 3 and Weaver 
and Dale 1978). 
1) On a level site, for example, 50% bare 
ground is reached after 1000 hiker, 1000 
cycle and 600 horse passes on a grassy site, 
and after 300 hiker, 50 cycle, and 50 horse 
passes on a forested site 
2) Trail width probably increases from hiker 
to cycle to horse because trampler width 
increases in this order. 
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3) Trail depths increase from hiker to cycle 
to horse because of tendencies of each 
trampler to compact and/or move soil. We 
have not documented the relative tendencies 
to move soil but soil compaction is 
demonstrated by our bulk density data (Weaver 
and Dale 1978). 

4) Soil bulk density clearly increases from 
hikers with relatively light weights and 
large bearing surfaces to horses with 
relatively heavy weights and smaller bearing 
surfaces. 

The impact of trampling increases with 
increasing slope (Table 4 and Weaver and Dale 

Table 2. Number of hiker tramplings necessary to remove 50% of the cover of nine 
Rocky Mountain vegetation types 

Dominant species Tramplings Life form Source 

Valeriana sitchensis 
Vaccinium membranaceum 
Carex tolmei-
Erigeron peregrinus 

Carex phaeocephala 

25 tall moist site forb 
30 medium forest shrub 

30 dry alpine meadow 
60 stone stripe meadow 

Landals and Scotter 1974 
Landals and Scotter 1974 

Hartley 1976 
Bell and Bliss 1973 

Cassiope mertesiana 
Luetkea pectinata 
Vaccinium scoparium 

Carex nigricans 
Carex nigricans 
Carex nigricans 

Festuca idahoensis-
Poa pratensis 

100 dwarf alpine shrub 
180 sub-alpine shrub 
300 dwarf forest shrub 

40 snowbank meadow 
200 wet alpine meadow 
750 wet alpine meadow 

1100 mesic grassland 

Landals and Scotter 1974 
Landals and Scotter 1974 
Weaver and Dale 1978 

Bell and Bliss 1973 
Hartley 1976 
Landals and Scotter 1974 

Weaver and Dale 1978 

Table 3. The effects of 1000 user passes on level forest or grassland 

Trampler 

Bare ground 
(%) 

width 
(cm) 

Depth 
(mm) 

Bulk 
density 
(gm/cc) 

grassland 

forest 

grassland 

forest 

grassland 

forest 

grassland 

forest 

Hiker 

47+8 

98+1 

28+1 

34+1 

42+4 

23+3 

1.2+0.0 

1.1 

Cycle 

50+10 

98+ 2 

34+ 6 

62+ 2 

49+ 4 

36+ 7 

1.3+0.0 

1.0 

Horse 

72+ 7 

100+ 0 

84+ 4 

68+ 3 

68+ 7 

64+ 10 

1.3+0.0 

1.2 
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Table 4. The effect of slope on trailwear after 1000 passes in a grassland. 
Standard errors are available in Weaver and Dale 1978. 

Bare ground % 
Width (cm) 

Depth (cm) 

Bulk density 
(gm/cc) 

Hi 
Level 

47 
28 

4.2 

1.15 

ker 
Slope 

66 
44 

6.2 

1.28 

Cycl 
Level 

50 
34 

4.9 

1.26 

e 
Slope 

100 
68 

7.0 

1.43 

Horse 
Level 

72 
84 

6.8 

1.31 

Slope 

100 
83 

8.6 

1.51 

0 

1978) whether the trampler is a hiker, a 
cycle or a horse. Rates of vegetation 
destruction probably increase on slopes 
because shearing increases: force applied 
and slippage increase while area of 
application may decrease. Trail width 
probably increases because the trampler is 
under poorer control moving downslope than on 
level or upslope trails. Increases in trail 
depth with slope may be due to greater 
compaction and/or movement of the soil 
followed by greater water erosion of the 
bared surface. Bulk density increases 
indicate application of greater forces to the 
surfaces of sloping trails. 

Motorcycles tend to be more destructive 
when moving up than down a 25% slope while 
horses and hikers tend to be most destructive 
when moving downslope (Table 5). Foster 

(1977), however, recorded no significant 
differences in wear of a trail whether moving 
up or down a 6-8% slope in Stipa-Agropyron 
rangeland in a truck. The probability of 
spinning a wheel when moving upslope is 
apparently greater than sliding (via 
braking) when moving downslope, in spite of 
the fact that the force applied in 
accelerating upslope should equal that 
applied in resisting acceleration by gravity 
downslope. Animals and especially bipeds, 
i.e., people, plant their feet carefully and 
control acceleration upslope carefully to 
minimize energy output; when they move 
downslope, on the other hand, they accelerate 
(via gravity) and decelerate (via bones, 
elastic connective tissue and muscles) 
sharply because this requries less energy 
than a smoother descent under greater 
muscular control. 

Table 5. The effects of uphill vs downhill traffic in a grassland. (The larger of 
each pair of values is underlined when the values differ significantly.) 
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89 

73 
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Up 
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70 
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66 
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Both soil and vegetation responses may 
change with season (Foster 1977). Use in the 
spring tended to increase soil bulk density, 
penetration resistance, infiltration rates 
and cracking of soils trampled when they were 
moist, these effects grew smaller as the 
season progressed and soils dried. Trampling 
in the spring had smaller immediate effects 
on vegetation than at later dates and plants 
trampled in the spring recovered more 
completely than those trampled later in the 
season. Landals and Scotter (1974) and 
Hartley (1976) also observed a tendency of 
herbaceous vegetation trampled in the spring 
to recover as the season progressed. 

Little-used trails are more sharply 
defined when they pass through forests than 
when they cross meadows because portions in 
meadows are so quickly overgrown by grasses. 
For example, on experimental plots bare 
ground at the trail's center was reduced by 
plants appearing there; in a grassland, 
bareground was scarce after two years and 
essentially absent after five years, while in 
a forest recovery was only 50% on a foot path 
and 26% on a horse trail (Table 6 and Weaver 
and Dale 1978). After six years, cover in 
dry alpine meadows trampled 200 times was 64% 
recovered (Hartley 1976); Bell and Bliss 
(1963) reported slow recovery in a 

Table 6. The recovery of a grassland (Festuca-Poa) and a forest (Pinus-Vaccinium) 
from one thousand tramplings applied five years earlier (1973-1978] 

Bareground 
(%) 

Width 
(cm) 

Depth 
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Before 
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Before 
After 
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Before 
After 
5 yr 

Gr, 
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0 
47+8 
0 

0 
27+4 
0 

2.0+0.3 
4.2+0.2 
2.1+0.4 

1.0+0.0 
1.2+0.0 
1.0+0.0 

assland le 
Cycle 

0 
50+10 
0 

0 
34+5 
0 

2.0+0.3 
4.9+0.4 
2.3+0.4 

1.0+0.0 
1.3+0.0 
1.1+0.0 

vel 
Horse 

0 
72+7 
0 

0 
84+4 
0 

2.0+0.3 
6.8+0.7 

1.0+0.0 
1.3+0.0 

Grass 
Hiker 

0 
67+10 

0 

0 
44+7 
0 

2.2+0.3 
6.2+0.8 
4.0+0.7 

1.1+0.0 
1.3+0.0 
1.1+0.0 

;land 25% s 
Cycle 

0 
99+0 
0 

0 
68+12 

0 

2.2+0.3 
7.0+0.8 
5.4+0.7 

1.1+0.0 
1.4+0.1 
1.3+0.1 

;lope 
Horse 

0 
99+0 
0 

0 
83+3 
0 

2.2+0.3 
8.6+0.8 
8.5+0.4 

1.0+0.0 
1.5+0.0 
1.3+0.1 
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Bareground 
(%) 

Width 
(cm) 

Depth 
(cm) 

B Density 
(gm/cc) 

Before 
After 
5 yr 

Before 
After 
5 yr 

Before 
After 
5 yr 

Before 
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5 yr 

F( 
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19+4 
98+1 
58+5 

0 
33+1 
30+2 

1.2+0.2 
2.3+0.3 
2.5+0.3 

0.9+0.1 
1.1+0.0 
0.9+0.0 
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19+4 
98+2 
67+4 

0 
62+2 
41+3 
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3.6+0.7 
3.1+0.4 
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1.0+0.0 
1.1+0.0 
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77+3 

0 
68+3 
47+3 
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1.1+0.0 
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59+3 

0 
43+1 
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0 
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2.0+0.3 
13.8+1.7 
6.6+0.7 

0.8+0.0 
1.6+0.0 
1.3+0.0 



stonestripe community and more rapid 
recovery in a snowbank community. Species 
composition in forest and grassland plots was 
essentially normal after five years but 
compositional changes in Hartley's (1976) 
alpine meadows were still clearly evident 
after six years. Trail width decreases as 
plants invade from the trail's edge; 
grassland trails were indistinguishable 
after five years while forest trails were 
still 70% of their maximal width. Trail 
depth may decrease as burrowing, trampling 
and erosion refill a trail or as frost 
heaving and burrowing relieve compaction; 
recovery after five years on our sites ranged 
from 0 to 100% with no consistent difference 
between vegetation types, slopes, or 
tramplers. Compaction is still evident after 
five years at both sites; foot trails on 
both sites are 80-100% recovered, cycle 
trails are 0-60% recovered, and horse trails 
are 30-50% recovered. 

RECOMMENDATIONS 

In trail management the following 
points might be considered: 
1) Intensive use areas, such as trails and 
campgrounds, should be permanently 
designated and, to the extent possible, use 
should be concentrated on them; vegetation 
is destroyed too easily and recovers too 
slowly to permit rotation of use. 
2) The visitor who stays on trails sees es
sentially undisturbed vegetation if he looks 
beyond the trail's edge. Occasional forays 
into level dry grasslands do relatively 
little damage; damage increases with 
increasing slope, tall shrub or forb 
vegetation, and soil water content. 
3) The impacts of both horses and 
motorcycles are significantly greater than 
those of hikers with respect to physical 
damage (destruction of vegetation, erosion 
and compaction), trail-side grazing, manure, 
air pollution, and noise. If an area is to 
receive multiple use, it seems especially 
important to keep horse and cycle traffic 
moving on trails with gentle slopes (less 
than 15 ) and at low speeds (less than 20 
km/hr = 12 MPH). If one area is to be used 
by hikers, motorcycles, and horses, 
transportation carrying capacity should be 
allocated according to the reciprocal of 
damage done by each mode of transport. 
4) Since hikers and horses tend to be most 
destructive when moving downslope, traffic 
should be directed, where feasible, so steep 
slopes are ascended and gentle slopes are 
descended. For motorcycles the opposite is 
true. 
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ABSTRACT--The heather meadow and fellfield communities of Mount 
Rainier are unique because they represent an isolated and 
specialized plant habitat at much higher elevation than the nearby 
Cascade Range. Most of the individual areas of vegetation are 50 m 
or less across, and resemble patches or ribbons rather than typical 
meadows. Trampling and camping have initiated and accelerated 
natural erosion processes. Once heather community canopies have 
been disturbed, an irreversible phase of erosion can remove the 
soil of the entire site, which may be 6,000 to 10,000 years old. 
Campsite construction in fel Ifields removes stones which serve as 
favorable microhabitat for fellfield plants. A 1978 management 
plan recognizes the vulnerability of these communities. 
Restricting campsites to adjacent snowfield areas preserves the 
vegetated areas while allowing visitation to continue. 

INTRODUCTION 

Before we can hope to preserve ecosys
tems from human perturbations, let alone re
store damaged ones, we must understand how 
they work: the environmental constraints, 
and plant-community dynamics and physiology 
of the plants themselves. We should also be 
able to distinguish between natural and man-
induced disturbances. This does not imply 
that management decisions can be postponed 
until all experimental results are in, be
cause that never happens, but does imply that 
rational management must recognize the 
avai Table facts. 

Contrary to popular belief alpine 
plants are relatively durable. They must be 
able to cope with the rigorous alpine 
environment. However, the community is 
fragile in the sense that it cannot tolerate 
many kinds of human impact, and there are few 
species available to replace any that succumb 
to impact. There are no invaders, no weeds 
and all native species have become 
specialists. 

The heather meadow and fellfield com
munities in the alpine zone of Mount Rainier 
provide an example of how management deci
sions may be based on ecological input. The 

individual areas of vegetation are usually 50 
m or less across and resemble patches or rib
bons rather than typical meadows. But it is 
their very limited extent and high elevation 
that make them especially interesting and 
ecologically valuable. 

Study Area 

Mount Rainier National Park is in south
west Washington State. The study area is 

WASHINGTON 
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located on the southern flank of Mount 
Rainier above the Paradise Visitor Center be
tween Panorama Point (2,000 m elevation) and 
Camp Muir (3,000 m elevation). The vegetated 
areas occur typically as patches or ribbons 
on raised topography and ridges between the 
Nisqually and Cowlitz glaciers. They are un
derlain by resistant andesitic lava flows on 
which rest a heterogeneous assemblage of ash 
and pumice showers, glacial till, mudflow and 
talus debris. Episodes of deposition and 
erosion have alternated in the area for at 
least 10,000 years. Evidence from Mazama ash 
deposits (6,600 years ago) suggests that the 
ridges have been exposed and continuously 
vegetated throughout this period despite the 
more recent glaciation of lower elevations 
which occurred during the "Little Ice Age" 
(450 years ago) (Crandell and Miller, 1964). 

The climate is characterized by wet win
ters with an average snow accumulation of 15 
m at Paradise, which has a mean January tem
perature of -2.9 C. Summers are cool with 
variable precipitation between years. The 
composition, distribution and vigor of plant 
communities is determined by the duration of 
winter snow cover and the elevation gradient. 
Measurement of shoot biomass in red heather, 
Phyllodoce empetriformi s illustrates the 
effect of increasing elevation (Figure 1). 
At 2,400 m elevation the growth rate is less 
than one-tenth that which occurs at 1,800 m 
in the subalpine zone. 

Figure 1. Phyllodoce empetriformis biomass 

at different elevations on Mount Rainier 

HEATHER MEADOWS 

Three species dominate in the heather 
meadows within the study area; Cassiope mer-
tensiana, Phyllodoce empetriformis and P. 
glanduliflora. Each species has its own 
ecological requirements and limitations and 
dominance interrelationships change along 
the elevation gradient; nevertheless they 
form a distinct and easily recognizable com
munity. From observations and measurements 
of floristic composition, seedling estab
lishment and soil characteristics, evidence 
was found for a cyclic pattern of succession. 

Alpine heather meadows only persist 
where there is a continuous and reliable win
ter snowcover followed by a continuous supply 
of moisture during summer (Edwards 1978). 
Thus, their habitat is strictly delimited. 
Seedlings are never found in old established 
meadows but only in appropriate stony areas. 
From this initiation, a mature meadow 
develops by the washing and blowing in of 
fine textured stone-free soil which stimu
lates vegetative growth until individual 
plants can no longer be identified. The de
velopmental stage reached in a recently de-
glaciated area suggests that this stage may 
take at least 100 years. The process of ac
cretion may continue until the fine soil pro
file is a meter deep. 

Evidence for this manner of buildup 
comes from various sources: the presence of 
heather pollen throughout the soil profile, 
similar levels of organic matter throughout 
the profile, and the presence of marker vol
canic ash layers and radiocarbon dating of 
old stem remains from the base of one profile 
(Edwards, 1978). 

Observations show that the plant canopy 
of an established meadow may be broken open 
by various natural events as well as by visi
tor trampling. During one winter season 
(1975-1976) for instance, over-grazing by 
heather voles (Phenacomys intermedius, 
Merriam) reduced the canopy in some localized 
areas from 98% cover to less than 50%. An 
exceptional snow-free winter (1976-1977) 
caused desiccation and death of shoots and 
extensive canopy loss, especially of 
Cassiope. But these natural catastrophes 
presumably are of infrequent occurrence and 
affect limited areas compared to the 
frequency, extent and severity of pedestrian 
traffic which in a single spring season 
(1978) can drastically reduce the plant cover 
and expose eroding bare soil. 
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Once the canopy has been opened, the 
heathers are unable to close the gaps by 
vegetative growth or by seedling establish
ment. Instead, several physical processes 
set in and initiate an irreversible phase of 
erosion. Needle ice raises the bare soil 
which quickly dries out and is blown away, 
exposing the shallow heather roots. Some 
herbaceous species invading from the nearby 
fellfields temporarily colonize the bare 
patches but eventually are unable to prevent 
the erosion phase which continues until the 
entire profile is lost back to the stony 
pavement base. 

Implications for Management 

The meadows are most vulnerable to 
trampling damage in early spring during the 
snowmelt period before the established 
trails are fully cleared. The soil is water-
saturated and new season shoots are unhar-
dened. Because of the absence of stones in 
the soil, the erosion that follows is rapid 
and uncontrollable. There is no evidence of 
repair or recovery once the protective canopy 
is broken open. The meadows have taken a 
long time to develop to their present state. 
At 2,000 m elevation using C horizon Mazama 
ash as a marker one meadow is estimated to be 
at least 10,000 years old. In another meadow 
at 2,400 m elevation radiocarbon dating has 
given an age of 6,730 + 250 years. If these 
ancient meadows are to be preserved visitor 
traffic must be kept to levels that will not 
initiate irremediable erosion. Once the 
degradation part of the cycle begins it will 
take many generations before they will return 
to their present condition. 

FELLFIELDS 

The Mount Rainier fellfields constitute 
a plant community restricted both in eleva
tion and geographic distribution. Of the 
forty-two vascular plant species which grow 
in the fellfields, twenty do not occur below 
2,000 m elevation. Thirty have geographic 
ranges limited to the western United States 
and nine are restricted to the Pacific North
west. Four are on the proposed Washington 
State list of rare, threatened and endangered 
species. 

Physical Environment 

The fellfields occur along gentle 
convex slopes and ridge tops (12 + 6% slope) 
along the entire elevation gradient between 
2,100 m and 2,700 m elevation. Their low-
statured perennial vegetation is typically 

clumped around stones. With an average 
canopy cover of 20+ 2% they closely corre
spond to the North Cascades fel Ifield com
munity types described by Douglas and Bliss 

(1977). Most of the fellfield study sites 
have been observed to be snow-free during 
periods between winter storms so that bedrock 
and surface stones are subjected to prolonged 
frost splitting. 

Because of their topographic position, 
the fellfields are typically windswept and 
accumulate less snow during winter months 
than other nearby community types; 
consequently, they are bared earlier during 
the spring thaw. Morainal and lava flow 
debris and pyroclastic deposits originating 
from a number of recent volcanic eruptions 
have been reworked to form a heterogeneous 
stony surface interspersed with areas of silt 
to gravel-sized fines. In some areas these 
form patterned ground features, sorted as the 
result of long-term frost activity. These 
may be described as a gradational series from 
sorted nets in horizontal areas to debris is
lands and sorted steps on slopes. (Washburn 
1956). 

The areas consisting of stone-free 
fines in unperturbed sites may be overlain by 
a stabilizing layer of gravel which protects 
the underlying finer fractions from wind or 
snowmelt erosion. In heavily trampled sites 
or where the gravel component is lacking 
these areas are subjected to diurnal frost 
activity. Such activity includes both ex
tensive needle ice formation and shallow 
homogeneous soil freezing, but there is no 
evidence of permafrost. These phenomena are 
absent in the stony portions of the pattern. 

The microtopographical differences pro
duced by the frost action result in a vegeta-
tional pattern associated with the 
positioning of stones. These observations 
confirm the report by Bryant and Scheinberg 
(1969) that stones alter surface wind pat
terns and velocities which in turn affect 
local snow distribution. The soil next to 
stones is both insulated and protected from 
aeolian erosion while the sandy stone-free 
areas are blown clear and consequently sub
jected to repeated diurnal freeze-thaw 
cycles. 

The fellfield soils typically have a 
loamy sand texture and are well drained. 
They show no profile development except for 
the presence of unincorporated organic 
debris beneath clumps of vegetation. 
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Midsummer drought-period temperatures 
were recorded in vegetation next to 20-100 cm 
diameter stones and in stone-free sandy 
frost-prone areas. Analysis of variance in
dicates significantly different temperature 
regimes at these locations (P <.001) and also 
close similarity between a natural frost-
induced barren sandy area and one created by 
visitor campsite construction (Figure 2). 
Douglas and Bliss (1977) found similar tem
perature trends in alpine fel Ifields of the 
North Cascades and concluded that decrease in 
temperature resulted from insulation 
afforded by increased plant cover. 

Figure 2. Midsummer drought-period soil 
temperatures at a 2,200 m fellfield 
site. Temperatures recorded in a 
vegetated area with a stony surface, 
a sandy frost-prone area with a barren 
surface and a newly-made campsite. 

Gravimetric soil moisture determina
tions made during the same summer drought 
period indicate that the upper 5 cm soil 
layer is significantly (P <.01) drier than at 
the 5-20 cm depth. Moisture content under 
vegetation (Penstemon davidsoni i Greene) 
adjacent to stones at 5-10 cm depth is 
significantly higher (P <.01) than in 
comparable stone-free, unvegetated frost-
prone areas. 

Fellfield Vegetation 

The fellfields appear to sustain long-
lasting and self-perpetuating communities in 
spite of the environmental severity 
restricting the number of species that can 
establish themselves. Seedlings and young 
plants, while not abundant, appear to 

maintain a regular replacement of the 
community in unperturbed sites. 

Only five species can establish 
successfully into stone-free sandy or frost-
prone areas. The remaining thirty-seven 
species are restricted to microhabitats 
adjacent to stones of more than twenty cm 
diameter. 

Reasons for the observed plant-stone 
association may include any of the following 
phenomena all of which may be found in the 
study area: 
1) Snowmelt runoff washing away fine-
textured soil from seedling roots. 
2) Modification of the soil physical 
environment whereby soil temperature and 
moisture levels influence seedling survival. 
3) Creation of microtopographic patterns by 
stone arrangements, altering wind speed 
(Warren Wilson, 1959) and thereby affecting 
evaporation rates and available radiant heat 
from stone surfaces. Stone-sheltered plants 
leaf out and flower earlier than others of 
the same species growing just a few 
centimeters away from stone protection. 
4) Trampling on areas reticulated by social 
trails, resulting in total confinement of all 
vegetation to stone-protected microhabitats. 

The long snow-free period of the fell-
fields makes them vulnerable to visitor traf
fic for a great part of the year. User 
groups include hikers, climbers, cross
country skiers, snowshoers and campers. Two 
main types of usage impact can be recognized: 
trampling and camping. 

Detrimental effects of trampling in
volve mostly breakage to vegetation and dis
ruption of the natural frost patterned ground 
features. 

Campsite construction is much more de
structive of the fellfield habitat than 
trampling. Historical evidence suggests 
that camping in this area is a modern 
phenomenon which has arisen along with recent 
development in lightweight equipment and in
crease in visitor numbers to the Alpine zone. 
The campers typically set up two-man tents 
and their visit is usually for only one 
night. Each year new campsites are made as 
illustrated by Figures 3 and 4. The site is 
leveled, vegetation scraped off and as many 
as 300 stones moved. Because the fellfields 
are windswept and offer no shelter, the 
stones are typically piled into a surrounding 
wall (Figure 3). The more elaborate of these 
contain stones brought from the surrounding 
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fellfield so that the total area disturbed 
extends far beyond the actual tent site. 

Potential sites for seedling establish
ment, as well as present plant habitats, are 
destroyed by the stone moving. The rate of 
plant establishment is unknown but periodic 
monitoring of new campsites constructed 
during the past four years fails to show any 
evidence of either recovery of damaged vege
tation or of seedling establishment. Soil 
temperature measurements (Figure 2) indicate 
that instead, an environment closely resem
bling a naturally barren and frost-prone area 
has been created. The evidence suggests it 
will remain as a permanently barren feature. 

Figure 3. A typical fellfield campsite at 
2,200 m showing an enclosing wall 
built with stones carried from the 
surrounding area. 

Implications for Management 

There has been a continuing, perhaps 
even accelerating degradation of the fell
field areas accompanied by what appears to be 
a permanent loss both of existing vegetation 
and of potential microsites for future es
tablishment. As pointed out earlier, the 
vegetation consists of restricted high 
alpine specialist species, including 
Polemonium elegans Greene, which is endemic 
to British Columbia and Washington State, 
grows only above 2,000 m elevation, is on the 
proposed Washington State list of rare, 
endangered or threatened species, and co-
dominates in the highest patch of extensive 
vegetation in the study area (100x50 m) at 
2,600 m elevation. Figure 4 shows one of six 
tent platforms leveled from the fellfield 
during July 1978, destroying 20 square meters 
of habitat. 

Figure 4. One of six tent platforms leveled 
from a 2,600 m fellfield (the highest 
elevation in the entire study area) 
where Polemonium elegans, endemic to 
British Columbia and Washington State 
and on-the proposed Washington State 
list of rare, threatened and 
endangered species is a co-dominant 
species. Flowering P. elegans is at 
the bottom right. 

Mount Rainier can be regarded as an 
alpine island; it provides an isolated and 
specialized plant habitat at much higher ele
vations than the nearby Cascade Range. 
Growth rates are considerably less than those 
measured at lower elevations (Figure 1) so 
presumably any natural or assisted attempts 
at recovery or restoration will be similarly 
slow. 

These special attributes of Mount 
Rainier, combined with its easy accessibi
lity from metropolitan Puget Sound, and the 
National Park Service mandate to preserve 
natural ecosystems, suggest that the Alpine 
zone of Mount Rainier be given some appro
priate measure of protection. There is no 
ecological evidence for recovery following 
visitor perturbation. 

CONCLUSION 

As a result of the investigations out
lined above, it has proven possible to 
develop a rational plan for visitor use of 
this alpine region. A management plan 
adopted in 1978 recognizes the susceptib
ility of the heather meadows and of the 
fellfields to specific types of damage as de
scribed. Limitation of campsites to adjacent 
snowfield areas denies no visitor the 
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opportunity to experience the alpine envi
ronment and yet preserves the vegetation of 
the area from damage. 
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DISCUSSION 

Comment: Would you suggest graveling? 

Edwards: Yes, either stone paving or 
graveling, but the gravel must be deep enough 
to stabilize the surface and prevent the 
runoff that is so destructive after summer 
rainstorms. 

Comment: Do you remain pessimistic about 
those tent platforms? 

Edwards: There has been no re-vegetation in 
any of these tent platforms, I think they 
will remain permanently barren unless the 
stones are put back in place. 
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ABSTRACT--Potential problems are associated with increases in 
dispersed outdoor recreation. The lack of facilities at remote 
locations appeals to many users, but the potential exists for 
unfavorable impacts on the ecology and on users' health and 
enjoyment of the area. This paper summarizes part of a two-year 
social and biological study and describes the effects on water 
quality of use of two camping areas (established by users) for 
weekdays and weekends (including 2 holiday weekends) from May 1975 
through July 7th, 1976. 

INTRODUCTION 

Millions of acres of wildland are 
accessible to recreationists by the National 
Forest road system. The roads, developed 
primarily for timber sale activity, allow 
access to remote locations. Often found at 
these locations are recreationists engaged 
in camping, berrypicking, cycling, fishing, 
horseback riding, target shooting, hiking, 
mushroom gathering, wood collecting, rock-
hounding, and other assorted activities. 
Dispersed recreation, such as day activities 
and camping at informal, undeveloped sites, 
accounts for more use and is growing faster 
in the National Forests than concentrated 
recreation at developed sites (Hendee et al. 
1976, Lloyd and Fisher 1972, U.S. Department 
of Agriculture 1975). 

Resource managers, planners, and 
researchers are becoming increasingly 
concerned with environmental impacts 
produced by recreationists in dispersed 
recreation areas (Moutsinas 1976, Downing 
and Moutsinas 1978, Burt and Gentry 1974, 
Barton 1969, Douglas 1969, Bay and Krammes 
1975, Alford and Binkley 1977). One problem 
of specific concern to managers and users is 
the impact of human waste disposal (meaning 
the excrement and urine of people) on water 
quality. Lack of sanitary facilities in 
dispersed recreation areas may be part of the 
appeal to the user but may contribute to 
conditions having the potential for 
producing impacts that could affect users' 
health and esthetic experience. These 
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concerns are also discussed in the paper in 
these proceedings by Downing and Clark. 

From past studies, it is difficult to 
ascertain the impact that people have on 
water quality; that is, not all water 
pollution in wild lands is caused by humans. 
Research on water quality has shown the 
presence of pathogenic microorganisms in 
areas undisturbed by man. Fair and Morrison 
(1967) found Salmonella from wild or domestic 
animals in Colorado stream water. Stuart et 
al. (1971) studied a municipal watershed in 

Montana, closed to the public since 1917, 
which contained four to six times the 
coliform count found in a nearby mountain 
watershed open to public use. Bissonnette et 
al. (1970) traced microbial pollution to 
wild animals in both a closed and an open 
watershed in Montana. Other watershed 
studies have demonstrated the presence of 
bacterial indicators of pollution even 
though the argas were undisturbed by human 
use (Goodrich et al. 1970, Walter and Bottman 
1967, Doty and Hookano 1974). 

Some studies undertaken in areas with 
human use show no substantial increase in 
water pollution (Aukerman and Springer 1976, 
Carswell et al. 1969, Rosebery 1964, U.S. 
Department of Health, Education, and Welfare 
1969, Surgenor 1977). Lee et al. (1970) 
studied the effect of three levels of human 
use on water quality in the Pacific 
Northwest. They found that 3 man-days (1 
man-day is equivalent to 24 hours) per river 
mile on the Cedar watershed, 10 on the Green 
watershed, and 45 on the Clackamas watershed 
were insufficient to influence water 
quality. Other studies have also 
demonstrated little or no influence on water 
quality from human use (Skinner 1974). 
McFeters (1975) concluded people were not 
responsible for any large-scale 
contamination of water in Grand Teton 
National Park. 

In contrast, other studies have 
suggested that pollution increases when 
people use an area: (Varness 1976, Barbaro 
et al. 1969, Wagenet and Lawrence 1974, King 
and Mace 1974, Ching and Frick 1974, Murphy 
1973). A cursory review of the literature 
has led to the conclusion that human use in a 
watershed may or may not be directly related 
to water quality. Most researchers have not 
closely studied the relationship between 
people and water quality; specifically the 
effects of self-contained parties (meaning 
people using recreational vehicles with 
built-in toilet facilities), number of 

people, style of camping, and so forth, on 
water quality. Furthermore, most studies 
have not included intensive water sampling 
during periods of human use. 

This paper is part of a 2-year study 
summarizing the effects of dispersed 
recreation on water quality for weekdays and 
weekends (including 2 holiday weekends) for 
the period of May 1975 through July 7, 1976. 
(Unpublished data are being prepared for 
publication and are on file at Pacific 
Northwest Forest and Range Experiment 
Station, Seattle, WA.) 

STUDY OBJECTIVE 

The overall objective of this study was 
to determine the effect of recreational use 
on water quality. Specifically, what effect 
did the number of people, style of camping, 
self-contained parties, human waste disposal 
and rain have on water quality? Research 
questions were: 

1. What are the densities of total 
coliforms, fecal conforms, and fecal 
streptococci upstream and downstream from 
campsites before, during, and after 
recreational use? 

2. What are the nature and extent of 
recreation use and human waste disposal? For 
instance, what is the amount of human use? 
Where did users camp? When did they camp? 
What is the style of camping--how many tents, 
trailers, pickup campers, motorhomes, and so 
forth? What proportion of users are self-
contained and have recreational vehicles 
with toilet facilities? How many toilet 
tissues are observable? How far from the 
water is there evidence of human waste 
disposal? Are pit toilets present? What 
kind of weather occurred during the sampling 
periods? 

Major features of this study were 
intensive sampling of water upstream and 
downstream before, during, and after use by 
recreationists, and intensive measurement of 
human behavior during periods of use. (For 
the original publication of the study, see 
Varness et al. 1978.) 

STUDY AREA 

The study area was the Greenwater 
watershed, located about 96 km (60 miles) 
southeast of Seattle, Washington, on the 
White River Ranger District, Mt. Baker-
Snoqualmie National Forest (Figure ! ) • The 
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watershed runs in an east-west direction, and 
elevations range from 580 to 1830 m (1,900 to 
6,000 feet). Ownership is "checkerboard"; 
even-numbered sections belong to the USDA 
Forest Service and odd-numbered sections 
belong to a commercial timber company. For a 
detailed description of the study area, See 
Williams et al. (1975). 

A total of 72 campsites established by 
users are located on the river bottom road 
(Hendee et al. 1976a, 1976b). Two areas were 
selected for study-the Loop and the Pyramid 
Creek road units. 

Six campsites are located at Pyramid 
Creek and 16 campsites at the Loop. Criteria 
for selection were that campsites be close to 
the water with high frequency and heavy 
concentration of human use and have no 
formal, sanitary facilities. 

The Greenwater River flows mostly 
northwest for 34 km (21 miles), joining the 
White River at the town of Greenwater. 
Principal tributaries include Pyramid, 
Whistler, Burns, Slide, Twentyeight Mile, 
and Midnight Creeks. The Greenwater River 
originates in a high mountain valley with 
four lakes, then flows through coniferous 
forest in a relatively narrow, steep-sloped 
valley for 16 km (10 miles) to Pyramid Creek. 
The width of the channel ranges from 2 to 5 
yards and through this stretch numerous 
cascades and small falls are found. The 
stream bottom is predominately bedrock and 
boulder. Streamside cover is dense. The 
valley floor is narrow and the soil is moist. 
Intensive camping occurs at Pyramid Creek. 

Below the campsites, Pyramid Creek 
joins the Greenwater River. For the next 2 
to 3 miles to Burns Creek, the gradient 
remains steep, and the width ranges from 3.6 
to 7.2 km (4 to 8 yards); banks are sharp and 
rock cut, covered by dense overgrowth. After 
Greenwater River joins Burns Creek, the 
valley floor widens and narrows for about 6.4 
km (4 miles), and side slopes remain steep 
and densely forested. Intensive camping 
occurs at the Loop below the junction with 
Twentyeight Mile Creek where the valley floor 
is wide and the soil is dry. The gradient 
then decreases, and the channel becomes more 
winding toward the town of Greenwater. 
Stream banks consist of natural earth or rock 
cuts or rubble-gravel side beaches. Side 
cover is sparse to dense. Cover where 
clearcutting has not taken place consists of 
coniferous forest with some mixed deciduous 
trees and shrubs. 

Figure 1. Location of the Greenwater 
watershed, Mt. Baker-Snoqualmie National 
Forest: campsites were established by the 
users. 

Peak flows generally occur between 
December and June. Lowest flows normally 
occur from mid-July through November. The 
flow rates taken at Greenwater during the 
study period ranged from a low of 1.3 kl (48 
cubic feet) per second to a high of 85 kl 
(3000 cubic feet) per second (U.S. 
Geological Survey 1975, 1976). Rainfall 
averages about 1.9 m (75 inches) per year. 
Snow depths vary from 6 dm (2 feet) in the 
lower elevations to 46 dm (15 feet) in the 
upper elevations. 

Approximately 400 deer, 200 elk, and a 
variety of small game species are present in 
the study area. 

METHODOLOGY 

Information was collected on water 
quality, weather, and human use. The 
procedures are described below. 

Water Quality 

The sampling design was based on a 
purposeful systematic sample of observed 
human use periods in an attempt to determine 
if human use changed the quality of water 
(Hendee et al. 1976a) Upstream and 
downstream from the Loop and Pyramid camping 
areas 210 water samples were collected for 
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bacteriological examination from May to 
September 1975 and from May to July 7th, 
1975. Samples were taken biweekly during 
1975 except for the Labor Day weekend when 
they were taken daily. In 1976, samples were 
collected biweekly during May, and multiple 
samples were collected during the Fourth of 
July weekend. 

Water collected at each site was 
immediately placed on ice and transported to 
the laboratory within 6 hours to insure that 
when the microbes were examined in the 
laboratory they would be representative of 
those in the stream. Total coliforms, fecal 
coliforms, and fecal streptococci were 
measured by the membrane filter technique as 
described in Standard Methods for the 
Examination of Water and Wastewater 
(Greenberg et al. 1976). Total coliforms 
are aerobic or facultatively anaerobic gram-
negative, nonspore-forming, rod-shaped 
bacteria that ferment lactose with the 
production of gas within 48 hours at 35 C. 
These organisms serve as primary indicators 
of the bacteriological quality of potable 
water and public water supplies. 

Fecal coliforms are gram-negative, 
nonspore-forming rods that ferment lactose 
in 24 hours at 44.5 C. These organisms are 
part of the total coliform group and are used 
as indicators of fecal pollution. 

Fecal streptococci are found in the 
feces of human and other warm-blooded 
animals. These organisms are in serological 
groups D and Q. 

Samples were plated in triplicate for 
each indicator organism. The sample size of 
each replicate varied from 100 to 250 ml 
depending on the turbidity of the water. The 
results are reported as the number of 
organisms per 100 ml and were calculated by 
averaging colony counts on 3 replicate 
membranes. 

Weather Characteristics 

Weather information was collected 
during the Labor Day weekend 1975 and the 
Fourth of July weekend 1976 during the 
periods of water sampling. Categories were 
clear, broken clouds, overcast, drizzle, and 
rain. 

Human Use 

Informal, conversational contacts were 
made with users from all parties at the 

campsites. Data on human behavior were 
collected from July 3, through September 3, 
1975, and from July 2 through July 7, 1976. 
A total of 33 parties were contacted during 
the Labor Day weekend 1975 and Fourth of July 
weekend 1976. For the entire 1975 study 
period, 111 parties were contacted. 

Number of Users. Conversations with 
users helped us to obtain information on the 
total number of people in a party at a 
campsite. A party was defined as one or more 
people camping together overnight at a site 
or visiting the area for the day. 

Style of Camping and Recreational Vehi
cles with Toilets. Observation was 
systematically used to determine number of 
vans, tents, and pickup campers, motorhomes, 
and trailers with toilets (self-contained) 
and those without. A recreational vehicle 
(RV) was determined to be self-contained if 
it had a hose-connecting valve on the rear 
side or under the rear trunk of the vehicle. 

Presence of Domestic Animals. Informa
tion was gathered to determine the presence 
of horses, dogs, and cats that users brought 
with them. The type and number of animals 
were recorded. 

Human Waste Disposal. Observation was 
used before and after recreational use to 
trace the presence of human waste tracks 
within a 91 m (300-foot) radius of the fire 
ring. 

Toilet tissues were used as indicators of 
human waste tracks. The types of information 
collected were: (1) number of toilet 
tissues, (2) presence of pit toilets, and (3) 
distance of toilet tissues from the water 
source. 

DATA ANALYSIS 

Geometric means were calculated from 
bacterial analyses conducted during the 
summer of 1975. Geometric means are the nth 
root of the product of the n values in a 
series. Geometric means were used to reduce 
variations in counts due mainly to differ
ences in flow rates, and to enable us to com
pare our data with data from similar studies 
(Stuart et al. 1971, McFeters 1975). During 
Labor Day weekend 1975 and Fourth of July 
weekend 1976, simple values of indicator 
densities were used to compare bacterial 
counts on different days or at different 
hours (Barbaro et al. 1969, McFeters 1975, 
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Geldreich 1970). Simple frequencies of human 
use and waste disposal variables were cal
culated. Differences between camping areas 
were analyzed in terms of weekend and weekday 
periods and two holiday weekends. 

RESULTS AND DISCUSSION 

What is the Effect of Recreational Use on 
Water Quality ? 

The potential for impacts on water 
quality from recreational use does exist. 
The quality of the surface waters in the 
watershed varied substantially. Total 
coliform densities ranged from <1 to 105 per 
100 milliliters of surface water. Fecal 
coliforms ranged from <1 to 91 per 100 milli
liters, and fecal streptococci ranged from <1 
to 52 per 100 milliliters. The bacter
iological standards established by the State 
of Washington, Department of Ecology (WAC 
173-201-030) for Class AA water state that 
total coliform organisms shall not exceed 
median values of 50 per 100 milliliters with 
less than 10% of samples exceeding 230 per 
100 milliliters when associated with any 
fecal source (Washington Department of 
Ecology 1978). Based on these criteria, the 
Greenwater River would be classified as AA--
acceptable for general recreation and 
esthetic enjoyment. Water used for drinking, 
however, should contain less than 2 total 
coliforms per 100 milliliters. 

Table 1 summarizes total human use and 
geometric means of indicator densities on 
weekends and weekdays at the Loop and Pyramid 
Creek campsites during 1975. Over 90% of the 
human use occurred on weekends. Weekend use 
may be overnight camping whereby users arrive 
Friday night or Saturday morning and leave 
Sunday afternoon or evening. Weekend use 
also includes day use on Saturday or Sunday 
where users visit the area for mushroom 
gathering, berrypicking, or other activities. 

Geometric means were calculated from 
bacterial analyses conducted in 1975 for both 
weekend and weekday determinations of total 
coliforms, fecal coliforms, and fecal 
streptococci. At Pyramid Creek, indicator 
densities were consistently higher on week
ends than on weekdays. The geometric mean 
densities immediately upstream and down
stream from human use were uniformly low on 
weekdays. On weekends, the upstream 
densities' remained low but downstream 
densities increased. This correlated 
directly with greater recreational use at 
Pyramid Creek during the weekends. The most 

dramatic increase was detected on August 16 
when fecal coliforms increased from 2 per 100 
ml upstream to 91 per 100 ml downstream from 
Pyramid Creek. Peak human use at Pyramid 
during summer 1975 was 47 people on August 
16. No one was using recreational vehicles 
with toilet facilities. 

At the Loop, water quality during 
periods of recreational use did not deter
iorate as dramatically as at Pyramid Creek. 
The main impact was a slight increase in 
total coliforms on the weekend at the down
stream site. Fecal coliform and fecal 
streptococcus levels on the weekend were 
essentially the same as on weekdays. The 
fecal coliform and fecal streptococcus 
levels immediately upstream and downstream 
from the Loop also were essentially 
equivalent. To better understand the re
lationship between recreational use and 
water quality, we sampled the water and ob
served human behavior more frequently during 
two holiday weekends. 

What was the Quality of Water at the Loop and 
Pyramid Creek during Two Holiday Weekends? 

Table 2 summarizes the indicator 
densities upstream and downstream from 
recreational use during the Labor Day weekend 
1975 and the Fourth of July weekend 1976. At 
the Loop campsite during Labor Day, total 
coliforms increased during the weekend at the 
downstream sample site; however, fecal 
coliforms and fecal streptococcus densities 
of upstream and downstream samples were 
similar. At Pyramid Creek the same weekend, 
indicator densities downstream from human 
use increased dramatically during the period 
of human use. Densities remained low up
stream from the camping area. The downstream 
indicator densities peaked during the week
end and subsequently declined to preweekend 
values. 

To characterize water quality before 
the Fourth of July weekend 1976, we collected 
and analyzed 35 water samples for densities 
of bacteria during May 1976. These samples 
indicated that bacterial densities were low 
at all sites for the entire month. This in
cluded samples collected over the Memorial 
Day weekend. Total coliform and fecal 
streptococcus densities did not exceed 6 per 
100 ml, and fecal coliforms did not exceed 3 
per 100 ml. 

Indicator densities were measured for a 
7-day period that included the Fourth of July 
1976. At the Loop, total and fecal coliform 
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densities for the upstream and downstream 
samples approximated each other in most in
stances (Table 2). The highest densities of 
bacteria appeared in the morning and evening 
hours and the lowest in the afternoons. 

from the watershed during both the Labor Day 
weekend 1975 and the Fourth of July weekend 
1976. 

Table 1. Total human use and geometric means of indicator densities on weekends and weekdays, 
upstream and downstream from user-established campsites at Loop and Pyramid Creek, 1975 

Sampling sites 
and use 

Loop: 

Weekend 

Weekday 

Total 

Pyramid Creek: 

Weekend 

Weekday 

Total 

Tota 
by F 

N 

414 

27 

441 

277 

12 

289 

1 use 
ieople 

Percent 

93.9 

6.1 

100.0 

95.8 

4.2 

100.0 

Total 
Upstream 

6 

3 

3 

2 

Indicator densities 

coliforms Fecal coliforms 
Downstream Upstream Downstream 

- Bacteria/100 

12 

/ 

14 

;• 

ml 

3 

1 

1 

<1 

3 

2 

7 

! 

Fecal s 
Upstream 

6 

3 

2 

1 

treptococcus 
Downstream 

5 

5 

7 

2 

During the afternoon periods, however, the 
majority of users were riding bikes away from 
the campsites, possibly accounting for the 
low densities. 

At Pyramid Creek during the Fourth of 
July weekend, data suggest three synchronous 
increases in total and fecal coliforms down
stream and one increase upstream, all 
occurring in afternoon samples. In contrast 
to the Loop, low densities appeared to be in 
morning hours, increasing in the afternoons 
and decreasing in the evenings. The increase 
upstream on Monday occurred from a sampling 
point which was downstream from a fisherman. 

The Greenwater watershed was sampled 
during high-use weekends for enteric 
bacterial pathogens. As a result of these 
studies, Salmonella arizonae was isolated 

What was the Nature and Extent of Recreation
al Use and Waste Disposal During Two Holiday 
Weekends? 

Recreational Use. Table 3 summarizes 
characteristics of human use at the Loop and 
Pyramid Creek campsites during Labor Day 
weekend 1975 and the Fourth of July weekend 
1976. 

During the Labor Day weekend, the amount 
of human use at Pyramid Creek was similar to 
that at the Loop (Table 3). The maximum 
number of people observed at the Loop and 
Pyramid during the weekend were 52 and 40, 
respectively. Numbers of parties camping 
were similar in the two areas. More tents 
(80%) but fewer trailers (33%) were observed 
at Pyramid Creek than at the Loop campsites. 
Numbers of pickup campers were similar at 
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both areas. 

Pyramid Creek did not have any recre
ational vehicles with toilets; this implies 
that human waste might be disposed in the 
surrounding area. In contrast, the Loop had 
some self-contained RV's. If we assume 
people use their toilets, we would expect to 
observe less waste at the Loop. Similar 
numbers of dogs were observed at both areas 

which implies dog excrement and potential 
pollution to the water source. 

On the Fourth of July weekend 1976, 
characteristics of use were different. The 
Loop had 40% more human use than Pyramid 
Creek, but the Loop had more parties (82%), 
tents (72%), pickup campers (91%), and 
trailers (57%). The Loop also had more self-
contained RV's, but Pyramid Creek had a 

Table 2. Indicator densities upstream and downstream from user-established campsites during Labor Day weekend 1975 and Fourth 
of July weekend 1976 

Time and day 
of measurement 

Labor Day weekend 

Thurs., Aug. 28 

Sat., Aug. 30 

Sun., Aug. 31 

Hon., Sep. 1 

Wed., Sep. 3 

Fourth of July weekend 

Thurs., July 1, 4 a.m. 

12 p.m. 

7 p.m. 

Fri., July 2, 4 a.m. 

9 a.m. 

2 p.m. 

7 p.m. 

Sat., July 3, 4 a.m. 

9 a.m. 

2 p.m. 

7 p.m. 

Sun., July 4, 4 a.m. 

9 a.m. 

2 p.m. 

7 p.m. 

Hon., July 5, 4 a.m. 

9 a.m. 

2 p.m. 

7 p.m. 

Tues., July 6, 4 a.m. 

12 p.m. 

7 p.m. 

Wed., July 7, 4 a.m. 

12 p.m. 

Total col 
Up

stream 

2 

5 

9 

4 

7 

8 

5 

8 

12 

10 

11 

6 

5 

6 

3 

5 

6 

6 

2 

g 

11 

4 

1 

2 

13 

10 

1 

14 

4 

iforms 
Down
stream 

4 

6 

20 

12 

6 

12 

5 

20 

12 

4 

9 

6 

5 

6 

3 

3 

8 

10 

5 

13 

6 

3 

2 

2 

21 

29 

2 

19 

6 

Fecal 
Up

Loop 

coliforms 
Down-

stream stream 

1 

3 

4 

2 

<1 

<1 

<1 

3 

<1 

<1 

<1 

<1 

<1 

<1 

1 

1 

2 

1 

1 

<1 

2 

<1 

<1 

<1 

6 

1 

<1 

4 

1 

1 

3 

5 

2 

2 

<1 

<1 

3 

<1 

1 

<1 

<1 

<1 

7 

2 

1 

1 

6 

2 

4 

3 

1 

<1 

<1 

1 

21 

<1 

12 

2 

Fecal st 
Up

stream 

1 

6 

5 

2 

4 

3 

' 

2 

<1 

1 

<1 

<1 

1 

2 

1 

1 

1 

1 

4 

1 

1 

<1 

2 

1 

2 

1 

1 

4 

1 

reptococci 
Down
stream 

Bacteria 

2 

6 

9 

2 

1 

1 

<1 

1 

<1 

<1 

<1 

3 

1 

1 

1 

2 

2 

2 

3 

2 

2 

1 

• 1 

<1 

3 

1 

1 

3 

2 

Total co 
Up

stream 

/100 ml 

1 

2 

6 

2 

2 

7 

6 

7 

3 

8 

7 

8 

7 

O 

3 

2 

5 

5 

10 

10 

10 

5 

33 

32 

17 

15 

5 

14 

9 

!iforms 
Down
stream 

3 

14 

56 

54 

6 

10 

4 

10 

9 

1 

49 

12 

3 

8 

4 

3 

6 

14 

33 

35 

12 

6 

64 

41 

21 

18 

7 

16 

8 

Pyramid 

Fecal col 
Up

stream 

1 

<1 

<1 

1 

<1 

1 

<1 

2 

1 

1 

<1 

<1 

1 

2 

<1 

<1 

<1 

1 

5 

4 

1 

1 

21 

11 

3 

1 

1 

<1 

1 

Creek 

iforms 
Down
stream 

2 

8 

4 

47 

<1 

<1 

<1 

2 

1 

1 

46 

1 

? 

i 

<1 

? 

<1 

12 

12 

8 

3 

2 

48 

17 

3 

1 

<1 

2 

1 

Fecal 
Up

stream 

1 

2 

3 

<1 

<1 

1 

1 

4 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

<1 

2 

2 

<1 

<1 

4 

<1 

11 

2 

<1 

<1 

<1 

<1 

<1 

streptococci 
Down
stream 

1 

52 

18 

1 

<1 

<1 

2 

1 

<1 

<1 

4 

<1 

<1 

1 

1 

1 

1 

1 

4 

1 

<1 

1 

4 

<1 

<1 

2 

1 

1 

1 
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higher proportion. It might be expected, 
therefore, that less human waste tracks would 
be observed at Pyramid since there were fewer 
campers and 4 of 10 RV's had toilets. Dogs 
were present at both areas but one-third more 
were at the Loop than at Pyramid Creek. One 
horse was observed. 

Human Waste Disposal. During Labor Day 
weekend at the Loop, we expected to find 
fewer toilet tissues because more users 
camped with their own toilet facilities. Use 

at Pyramid Creek was not self-contained so 
more human waste tracks were expected. Table 
3 suggests that our expectations were met. 
The Loop, indeed, had fewer tissues--14, 
suggesting less human waste disposal; 
Pyramid Creek had 22 tissues. The distance 
of waste from the water source varied. All 
waste at Pyramid Creek was 15.5 m (51 feet) 
or more from the water; at the Loop it was at 
least 8 m (25 feet) from the water. Only one 
user-built pit toilet was observed and that 
was at the Loop, located 15.5 - 23 m (51-75 

Table 3. Characteristics of human use at the Loop and Pyramid Creek campsites during the Labor Day weekend 1975 and the Fourth 
of July weekend 1976 

Characteristic 

Labor Day weekend 1975: 

Total human use 

Number of parties 

Style of camping: 
Tent 
Pickup camper 
Trailer 

Recreational vehicles with toile 
(excludes tents): 
No 
Yes 

Total amount of toilet tissues 
and distance from water: 

1-25 feet 
26-50 feet 
51-75 feet 
76 feet or more 

Pit toilets: 
No 
Yes 

Domestic animals: 
Dog 

Fourth of July weekend 1976: 

Total human use 

Number of parties 

Style of camping: 
Tent 
Pickup camper 
Trailer 
Van 

Recreational vehicles with toi 
(excludes tents and vans): 
No 
Yes 

Total amount of toilet tissues 
and distance from water: 

1-25 feet 
26-50 feet 
51-75 feet 
76 feet or more 

Pit toilets: 
No 
Yes 

Domestic animals: 
Dog 
Horse 

N 

52 

9 

1 
5 
S 

ts 

10 
3 

Loop 

Percent 

56.5 

56.2 

20.0 
50.0 
66.7 

52.6 
100.0 

Pyramid 

N 

40 

7 

4 
5 
4 

9 
0 

Creek 

Percent 

43.5 

43.8 

80.0 
50.0 
33.3 

47.4 
0.0 

0 0.0 0 0.0 
12 100.0 0 0.0 
0 0.0 21 100.0 
2 66.7 1 33.3 

7 
1 

5 

120 

14 

13 
10 
12 
3 

lets 

17 
5 

0 
0 
8 

35 

3 
1 

12 
1 

70.0 
100.0 

50.0 

69.8 

82.4 

72.2 
90.9 
57.1 
100.0 

73.9 
55.6 

0.0 
0.0 
20.5 

100.0 

72.7 
100.0 

66.7 
100.0 

3 
0 

5 

52 

3 

5 
1 
9 
0 

6 
4 

9 
10 

31 
0 

3 
0 

6 
0 

30.0 
0.0 

50.0 

30.2 

17.6 

27.8 
9.1 
42.9 
0.0 

26.1 
44.4 

100.0 
100.0 
79.5 
0.0 

27:3 
0.0 

33.3 
0.0 

Tot 

N 

92 

16 

5 
10 
12 

'9 
3 

0 
12 
21 
3 

10 
1 

10 

172 

17 

18 
11 
21 
3 

23 
9 

9 
10 
39 
35 

11 
1 

18 
1 

al 

Percent 

100.0 

100.0 

100.0 
100.0 
100.0 

100.0 
100.0 

0.0 
100.0 
100.0 
100.0 

100.0 
100.0 

100.0 

100.0 

100.0 

100.0 
100.0 
100.0 
100.0 

100.0 
100.0 

100.0 
100.0 
100.0 
100.0 

100.0 
100.0 

100.0 
100.0 
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feet) from the water. 

During the Fourth of July weekend the 
Loop had twice the amount of use as Pyramid 
Creek. And proportionately, the Loop had 
fewer vehicles with toilets. Consequently, 
we expected to find more waste at the Loop 
and less at Pyramid Creek. Results shown in 
Table 3 do not meet these expectations. More 
tissues (50) were found at Pyramid Creek; not 
fewer, as expected. At the Loop, 43 tissues 
were found. All observed tissues at Pyramid 
Creek were found close to the water. Tissues 
observed at the Loop were farther away from 
the water. No pit toilets had been built by 
users at Pyramid; one had been built at the 
Loop. 

Most of the toilet tissues were located 
away from the campsites and trails. Fecal 
matter was generally not found with toilet 
tissues. The question is, what happens to 
it? It is possible that dogs, dung beetles, 
coyotes, or other wildlife remove fecal 
matter. We found that the majority of the 
users had dogs with them. It is not known, 
however, whether dogs are disturbing the 
excrement; if they are, potential health 
hazards to animals and humans could be sig
nificant. 

Heather. Table 4 summarizes the weather 
during sampling periods. During the Labor 
Day weekend, it rained on Saturday, August 
30; during the Fourth of July weekend it 
rained on July 3 at 4 a.m. and July 4 at 9 
a.m. If runoff had an effect on concen
trations of bacteria, we would expect 
indicator densities to increase during these 
periods. 

Results of the study suggested that 
during periods of rain, July 3 and 4, 
indicator densities remained low at the Loop 
and Pyramid Creek. In contrast, during 
periods of rain on Saturday, August 30, 
indicator densities increased at Pyramid 
Creek but not at the Loop. 

What Effects Do Number of People, Self-
Contained RV's, Human Excrement, and Rain 
Have on Water Quality? 

What, then, can be said from these 
results in terms of potential impacts of 
recreation use and human waste disposal on 
water quality? What are the effects of 
number of people, self-contained RV's, human 
waste disposal, and rain on water quality? 

Differences between the Loop and 
Pyramid Creek in response to recreational use 
cannot be explained entirely by the number of 
people camping in a given location. Twice as 
many people camped at the Loop, but only a 
slight increase in total coliform density was 
noted and no evidence of increased fecal 
pollution was detected. At Pyramid Creek, 
however, increases occurred in both total 
coliforms and fecal coliforms, indicating 
fecal contamination of the surface waters. 

The number of self-contained RV's does 
not clearly explain increases in fecal 
coliforms. At Pyramid Creek, fecal coliforms 
increased whether users were in self-
contained RV's or not. Results were 
different at the Loop. Fecal coliforms 
remained similar regardless of the number of 
self-contained vehicles. 

Results of this study suggest that human 
waste disposal does have an effect on water 
quality. More tissues were observed at 
Pyramid where increases in bacteria were 
found. Fewer tissues were found at the Loop 
where fecal indicator densities did not 
generally fluctuate. 

Rain and surface runoff did not seem to 
have a major effect on the level of 
indicators in the stream. The increases in 
indicator densities did not correlate 
consistently with periods of rain. 
Furthermore, water samples taken at the Loop 
and Pyramid Creek during periods of rain on 
August 30, 1975, and on July 3-4, 1975, did 
not show appreciable differences in 
indicator densities. 

CONCLUSIONS 

Surface waters in the Greenwater River 
watershed were found to be AA--acceptable for 
general recreation and esthetic enjoyment. 
But evidence of fecal pollution and the 
isolation of Salmonella from the relatively 
clean water of the watershed suggests that 
potential health hazards exist. The 
deterioration of water quality that was 
detected occurred intermittently and in 
localized areas. 

The study did suggest, however, a 
potential relationship between increased 
human use and increased densities of 
bacteria, particularly at Pyramid Creek. 
This was shown by indicator density increases 
during weekends when campsites were occupied 
by recreationists. When human activity 
decreased during weekdays, indicator 
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densities decreased. 

Results also suggest that human waste 
has an effect on water quality. More tissues 
were observed at Pyramid Creek where 
densities of bacteria increased. The effects 
of number of people, self-contained RV's, and 
rain are inconclusive and require further 
study. 

Site differences could also play a part 
in the effects of recreational activity on 
water quality. Increases in bacteria at the 

Loop were less dramatic than those at Pyramid 
Creek and were restricted to a slight 
increase in total coliforms. One obvious 
difference between the sites is the dilution 
effect of the surface waters. The Loop is 
farther down the watershed, and the adjacent 
river contains more water than the creek at 
Pyr am i d. • 

The rapid increase in bacterial 
indicators poses an interesting question of 
how the bacteria entered the surface water so 
quickly. Even though rain and surface runoff 

Table 4. Weather characteristics during the Labor Day weekend 1975 
and the Fourth of July weekend 1976 
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Time of measurement Weather characteristics 

Labor Day weekend 1975: 

Thurs., Aug. 28 Overcast 
Sat., Aug. 30 Rain 
Sun. , Aug. 31 Drizzle 
Mon., Sep. 1 Broken clouds 
Wed., Sep. 3 Clear 

Fourth of July weekend 1976: 

Thurs., July 1, 4 a.m. 
12 p.m. 
7 p.m. 

Fri., July 2, 4a.m. Clear 
9 a.m. Clear 
2 p.m. Clear 
7 p.m. Cleat-

Sat., July 3, 4a.m. Rain 
9 a.m. Overcast/drizzle 
2 p.m. Broken clouds/clear 
7 p.m. Broken clouds/clear 

Sun., July 4, 4 a.m. Overcast 
9a.m. Rain 
2 p.m. Overcast/drizzle 
7 p.m. Overcast/drizzle 

Mon. , July 5, 4 a.m. Clear 
9 a.m. Clear 
2 p.m. Clear 
7 p.m. Clear 

Tues., July 6, 4 a.m. Clear 
12 p.m. Clear 
7 p.m. Clear 

Wed., July 7, 4a.m. Clear 
12 p.m. Clear 



was minimal, organisms entered the surface 
water rapidly. Bacteria may be surviving in 
sediments and stirred up by people playing in 
the water—although this did not happen on 
Saturday at 2 p.m. on the Fourth of July 
weekend in 1976 when two jeeps were observed 
in the river hauling logs from one bank to 
the opposite side. During this activity, 
indicator densities did not fluctuate. 
Direct deposits of human waste in the water 
are another possible reason for 
contamination. However, direct contamination 
to the water was not observed during the 
study. 

Many questions still remain to be 
answered about the impact of recreational use 
on water quality. More work is needed by 
soil specialists, water quality specialists 
and human behavioral specialists to 
determine the effect of dispersed recreation 
and waste disposal practices on water quality 
and potential solutions for mitigating 
adverse impacts. Of particular importance 
are studies to determine the mechanisms by 
which bacteria enter the surface waters so 
quickly. It is also important to determine 
survival rates of bacteria in soil and in 
water sediments. Further work is needed on 
the human behavior aspect of the problem--the 
effects of the number of people, self-
contained RV's, and human waste disposal. 
Such studies would help determine the 
implications of long-term recreational use 
of the area. 
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PREDICTING OFF-ROAD VEHICLE ACOUSTIC IMPACT ON 
FOREST RECREATION-A SIMPLIFIED METHOD 

Robin T. Harrison, P.E. 
Project Leader 

Forest Service-USDA 
San Dimas Equipment Development Center 

A8STRACT--A simplified mathematical model (Acoustic Impact 
Prediction Method) has been developed for the prediction of the 
impact of off-road vehicle noises on forest recreation situations. 
The concept of signal detection is used to assess probable impact as 
a function of recreationists' expectations. 

INTRODUCTION 

This paper presents the Acoustic Impact 
Prediction Method (AIPM) in its simplified 
version (see appendix). AIPM allows recre
ation planners to predict the impact of 
various noise sources on forest-recreation 
values. The version presented here is 
applicable only to off-road vehicles. More 
sophisticated versions, applicable to the 
general problem of acoustic impact on forest 
recreation, are available (Harrison and 
Clark, 1979). The method predicts how loud a 
noise source will be at a distance remote 
from its source, and also sets noise criteria 
for various recreational experiences and 
assesses the impact of remote sources on the 
recreator. 

The underlying assumption is that the 
impact of recreational noise is proportional 
to detectability. This hypothesis has been 
shown, in limited psychoacoustic testing, to 
be applicable to forest noise backgrounds and 
noise sources with spectra similar to those 
of most off-road vehicles (Horonjeff, 
1978a). For a thorough discussion of the 
concept of signal detection see Green and 
Swets (1973) and Swets (1964). 

The prediction of acoustic impact in
volves two separate considerations. The 
first is the determination of the detect-
ability (d1) of a noise source at the 
listener's location; the second is the 
assessment of the appropriateness of various 
detectabi1ities as a function of recreation 
expectation. This paper focuses on the 
former. A full discussion of the latter is 
to be found in Harrison and Clark (1979). 

The mathematical model utilized in AIPM 
is basically a simplification of the model 
developed by Fidel and Bishop (1974). Their 
model dealt with the problem of the acoustic 
detectabi1ity of combat vehicles. Modifi
cations to both the physical portion of the 
model and the psychoacoustic criteria are in
corporated in the current work. 

DESCRIPTION OF THE ACOUSTIC IMPACT PREDICTION 
METHOD 

As we are aware, the farther away from a 
noise source a listener is, the fainter the 
source seems until, at a sufficient distance, 
the source is no longer audible. The steps 
taken in AIPM reduce the sound level of an 
off-road vehicle at a measurement distance of 
50 feet by factors that exist between the 
source and the listener, such as the distance 
and wind condition. The effects taken into 
account by the model are: 

Factors 

Inverse Square 

Atmospheric 
Absorption 

Atmospheric Shadow 
Zones 

Ground Cover Loss 

Most Important 
Parameters 

Distance 

Distance 
Temperature 

Distance, wind speed, 
wind direction, and 
lapse rate (sky con
dition) 

Ground cover type 
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Barrier Shadow 
Zones 

Height of barrier 
Distance from barrier 
to source and re
ceiver 

INVERSE SQUARE RADIATION 

The mechanism of inverse square radi
ation is shown in Figure 1. At some distance 
X from a source, a certain amount of energy 
is passing through a given area A. At 2X the 
same amount of energy is passing through an 
area four times as great, or 4A. Thus at X, 
the wave will have one amplitude; at 2X its 
amplitude will be one-fourth of that. Since 
the decibel is a logarithmic unit, one-fourth 
of the amplitude equals -6 dB. This is an 
illustration of the well-known "6 dB per 
doubling of distance" rule of thumb. 

Figure 1. Spherical spreading 

(1977) and Piercy and Embleton (1974). The 
experimental work of Embleton (1963) and 
Aylor (1972) is the basis of the estimate of 
foliage and ground cover absorption. Note 
that while Cook (1969) has shown that care
fully engineered plantings of trees and 
shrubs can bring about significant 
attenuation of vehicular noise sources, 
Harrison (1974) has confirmed that, as 
arranged by nature, growing things are very 
poor noise absorbers. Nevertheless, the 
estimates provided by the model are probably 
conservative; i.e., they underestimate the 
effects of ground and trees. 

SHADOW ZONE EFFECTS 

If noise rays cannot propagate directly 
from the source to the receiver, a shadow 
zone is created. The shadow is not as sharp 
as an optical shadow because of refraction 
around the obstruction (Figure 2). Shadow 
zones may be created by barriers or by 
refraction because of changes with altitude 
in the speed of sound (Figure 3). Shadow 
zones normally form upwind of noise source 
(Figure 4). The analysis of Delany (1969) 
is followed in the estimates of atmospheric 
refraction and the resulting shadow zones. 
Maekawa's method (1966) is used to estimate 
shadow zones created by barriers. Since the 
total attenuation due to all combined shadow 
zone effects has been observed to be about 25 
dB, the method contains such a 25-dB limi
tation. 

HEARING THRESHOLD 

Since a noise will not be detected if it 
falls below the hearing threshold at the 
listener's location, the model checks the 
reduced level against the human hearing 
threshold and provides an answer of no 
impact, as appropriate. 

ATMOSPHERIC ABSORPTION 

Air absorbs some of the energy of sound 
waves. The amount of energy absorbed depends 
on temperature, pressure, relative humidity, 
spectral content of the sound, etc. The 
method of Sutherland (1974) was used in this 
model. 

SHORT-DISTANCE GROUND AND FOLIAGE EFFECT 

The effects of ground reflection, 
ground absorption, and absorption by foliage 
have been combined in one simplified co
efficient. The contribution of ground 
absorption is based on the work of Thomassen Figure 2. Shadow zone effect 
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Figure 3. Effect of wind and temperature 
on shadow zones 

CALCULATION OF DETECTABILITY (d") 

If the reduced noise level at the 
listener's location exceeds the human 
threshold of hearing, the next step is to 
calculate the detectability (d1) of the 
source at the listener's location. The 
following equation defines d':d' = S/N /Wn. 
S is the signal level in the 1/3 octave band 
with the greatest S/N. N is the background 
sound level in the same 1/3 octave band, and 
W is the 1/3 octave bandwidth, n is an ex
pression of the efficiency of a human 
observer with respect to an ideal energy 
detector. For most listening situations, a 
value of n = 0.4 has been determined to be 
appropriate (Fidel and Bishop, 1972). 

Work by Horonjeff (1978b) has indicated 
that for off-road vehicle detectability, in a 
background of forest noise, the detect
ability calculated in the 500-Hz 1/3 octave 
band consistently shows high correlation 
with actual detectability. So, for sim
plicity's sake, detectability is calculated 
only in the 500-Hz band. 

PERMISSIBLE VALUES OF d' 

Recognizing that most users of AIPM will 
have only acoustic instruments capable of 
measuring A-weighted level, the AIPM 

document (see Appendix) provides an 
estimated 500-Hz band level for various types 
of off-road vehicles at a distance of 50 
feet, and 500-Hz background sound levels 
based on an A-weighted measured level at the 
listener's location. This last level is 
given for various forest types and conditions 
in Table A-4 of AIPM. The difference between 
the reduced 500-Hz source level and 
background level is directly related to d' at 
the listener's location. The maximum 
appropriate difference for various forest 
recreation conditions is given in Table A-5. 

Figure 4. Effect of wind on extent 
of shadow zone 

The "A/, - Ah" differences shown in 
Table A-5 are merely d'multiplied by the 0.4 
observer efficiency and by the square root of 
the band width of the 500-Hz band (i.e., A* -
A^ = S/N). Table A-5 also shows the maximum 
number of occurrences, in excess of the 
maximum acceptable A., - A^, likely to be 
tolerated. The maximum acceptable A<, - A^, 
as well as the maximum acceptable number of 
occurrences, were arrived at rather 
empirically, and have not been substantiated 
by extensive field testing. The rationale 
for allowing infinite numbers of night-time 
occurrences at the maximum acceptable level 
for true wilderness and dispersed recreation 
situations are that A* - AD of less than 
about one is not likely to disturb sleep. 

CONCLUSION 

The method described in this paper is, 
at best, an estimator. Its particular 
weakness is in a lack of substantiation of 
Table A-5, the estimates of the maximum 
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acceptable acoustical impact as a function of 
recreation experience. Also, it must be 
recognized that _a priori information and 
biases of the listener are extremely 
important in the perception of the 
appropriateness of off-road vehicle noise 
intrusion, and thus its impact. 

POST SCRIPT 

Little data exists in this area, and the 
author would be grateful for feedback and 
additional data. AIPM is currently being 
tested in several dispersed recreation 
situations in the National Forests, and 
improvements and refinements are expected. 
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APPENDIX 
SIMPLIFIED VERSION 

ACOUSTIC IMPACT PREDICTION METHOD 

(AIPM) 

Worksheet 

(Note: Do not use for source-listener distances of less than 200 ft. This 
version is applicable only to motorcycles, snowmobiles, ATV's and 
chainsaws.) 

Date 

Site 

Time By 

I. Fill in the following noise source information: 
Description of noisemaker 

Select the most appropriate ORV type from Table A-l. Write the type here 
. If you know the sound level of the noisemaker at 

50 ft, when it is being operated wide open throttle, write it here. 
dBA. From Table A-l, select the closestmost appropriate Ai value. If 

you do not know the 50-ft level of your noise source, select theAi value circled in 
Table A-l for the most appropriate vehicle. Write the value here 

Ai = 

II. Fill in the distance from noise source to listener, feet . 
Look at Figure A-l. From Figure A-l, find ai. Write it 
here: ai = dB. Subtract it from Ai. (Ai - ax = A 2 ) . Write A2 here 

If A2 is less than 6, the listener will not hear the noise source. Go no 
farther with the calculation. If A2 is 6 or more, go on to step III. 

III. Fill in the following atmospheric data: 

Temperature = Humidity = % RH 

From Table A-2, find a2. Write it here a2 = dB/100 ft. Divide 
the source-listener distance by 100. Write the quotient here . 
Multiply the quotient by a2. Subtract from A2. (A2 - x a2 = A 3 ) . Write A3 

here 100 

A3 = 
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IV. 

V. 

VI. 

VII. 

IX. 

If A3 is less than 6, the listener will not hear the noise. If A3 is more 
than 6, go on. 

Do you have a steady wind? (That is, the wind is 5 mph or greater, and flows 
from the same direction, within plus or minus 15°, at least 75% of the time. 
Yes or No. If no, enter a 0 for a3 below, and go on to step V. If yes, find 
0. Refer to Figure A-2. Draw a line on a map through both the noise source 
and listener. Draw an arrow representing the wind direction through the 
source. Measure the smallest angle between the lines. This is 0. 
0 = °. 

Refer to Table A-3. Based on your sky condition and time of day, select 9. 
9 = °. 
Subtract 0 from 9. Write the difference here 9 - 0 = . 

From Figure A-3, find a3 . Write it here. a3 = . Skip to step VI. 

Refer to Figure A-4. Knowing the distance from noise source to listener, 
find ai». Write it here, a., = dB. 60 on with step VI. 

Circle the most appropriate ground cover type: 

Grass or open brush 
Dense broadleafs 

Sparse broadleafs or conifers 
Dense conifers 

Refer to Figure A-5. Find a5, write it here a5 = dB 

Are there land forms or other solid, substantial barriers in the line of 
sight between the noise source and the listener? If not, skip this step. 
If so, fill in the following: 

Straight line distance from source to listener, X, feet 
Height of barrier above line between source and listener, h, feet 
Distance from receiver to barrier, R, feet 
Find the quantity N where 

N = 0.91 [/ h2 + R2 + / h2 + (X-R)2 - X ] 

Write N here N = 

From Figure A-6, find a6. Write it here. . a6 = dB. 

VIII. Add up a3 + an + a5 + a6. Write the sum here _ a3-e = dB. 

If _ a3-6 is greater than 25 dB, subtract 25 dB from A3. If _ a3-6 is less 
or equal to 25, subtract the _ a3-6 from A3. (A3 - _ A3-6 = AH ). 

A.( = 

If A., is less than 5, the listener will not hear the noise. If AH is greater 
than 5, go on to step IX. 

Find the most appropriate background value A, from Table A-4. Write it 
here. A, = dB. Subtract A, from AH. Write the 
difference here. 

(Negative numbers are okay.) AH - A, = dB. 

Refer to Table A-5. For your closest appropriate recreational use, find the 
maximum acceptable AH -A, . If your calculated AH - A. is greater, the 
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acoustic impact of the noise source is unacceptable. If your calculated 
A4 - A, is less, the impact is probably acceptable. 

Table A-l. A,-Values 

Vehicle Type 50-ft Wide Open Throttle Levels 

Motorcycles 
A,-Values 

75 79 83 86 92 
69 73 (77) 80 86 

All-terrain Vehicles 
A,-values 

73 78 83 
62 (67) 72 

Snowmobi les 
A,-values 

70 75 
66 (71) 

78 
74 

83 
79 

Chain Saws 
A,-values 

81 
69 

Table A-2. a 2, dB/100 ft 

Temperature, F 

10 
32 
50 
70 
90 

Sky 

Clear 
Clear 
Cloudy 

Re 

0-30% 

.21 

.13 

.08 

.08 

.12 

Table A-3. 9 

Day or Night 

Day 
Night 
Day & Night 

lative Humid 

31-50% 

.11 

.06 

.06 

.09 

.11 

9 

130° 
65° 
90° 

ty, 

50-100% 

.06 

.04 

.06 

.08 

.08 
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Table A-4. Ab- Values 

Measured Level A, Comments 
dBA D 

Coniferous Forests 

20 16 Deep snow-covered. No wind. 

25 20 No wind, no snow. 

30 24 

35 28 Light wind, no snow. 

40 32 Most common - 5-10 mph wind. 

45 36 

50 40 Wind over 10 mph. 

Broadleaf Forest, Grassland, Brush, Tropical Forest 

20 16 Very quiet. No wind or insects. 

25 18 Very quiet. No wind or insects. 

30 20 Quiet, green broadleaf forest. 
35 22 Most usual in open grassland, 

no wind. 

40 24 Most usual in brush & chaparral. 

45 26 5-10 mph wind. 

50 33 Wind over 10 mph, Aspen groves. 
Desert 

20 10 Completely calm. 
25 14 

30 18 
35 22 
40 26 

Running Water, Dunes within 1 mile of Ocean 

40 28 Calm wind, calm sea. 
45 33 

50 41 Wind 10 mph, 3-ft surf. 
55 47 

60 55 Loud waterfall. 
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Table A-5. An - A. for Various Recreational User Expectations 

Condition 
Max. Occurrences 
per Day/Night 

Max. Acceptable A., - A, 
of Intruding Noise 

"True" wilderness 

Remote, dispersed 
recreation situation 

Trail camps 

Undeveloped road 
campgrounds 

Roadside campgrounds 

Highly developed 
campgrounds 

10/co 

15/c° 

20/20 

30/10 

°V50 

co/co 

0.2 

0.6 

1.2 

2.3 

4.7 

9.3 

Figure A-l. ai 
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Note: o° = No limit to number of occurrences. 



Figure A-2. Determination of Wind Angle 

Figure A-3. a3 
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Figure A-4. a% 
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Figure A-5. as 
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Figure A-6. a,-
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SIMPLIFIED VERSION 
ACOUSTIC IMPACT PREDICTION METHOD 

Texas Instrument SR-50 Program 

Definitions: 

Enter your values here 

A, = Noise source level at 50 ft, dB in 500-Hz band, 

1 Table A-l 

X = Distance from noise source to listener, feet 

1 = From Figure A-l 
a2 = From Table A-2 

0 = From Figure A-2 

0 = From Table A-3 

a, = From Figure A-3 

a. = From Figure A-4 

a,- = From Figure A-5 

h = Height of barrier above line of sight, feet 

R = Distance from receiver to barrier, feet 

a, = From Figure A-6 

A, = Background sound level 0 listener, dB in 500-Hz band, Table A-4 

To enable programming on programmable calculators, the equations of the parameter 
given in the figures, where possible, are shown. Use actual tabulated values for 
Ai, &2, 9, a3, a5, a^. 

ax= - 20 log (£Q) 

a„= 0 for all X <800, aH = 10 log X - 29 for all x > 800 

a6 = 10 log (N + 0.1) + 13 
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Note: Df must be no less than Di - 25. If Di - Df >25, enter Di - 25 here . . . 

Compare with Table A-5 

DISCUSSION 

Comment: Is the method applicable to air
craft? Locally that is a bone of contention. 
There are areas closed to aircraft in the 
alpine lakes of Washington which float planes 
have used historically. The question is 
whether it is now closed to aircraft over

flights. Is this a reasonable regulation or 
an unreasonable one? Does it have some 
features that could allow mitigation? 

Harrison: The general method is applicable 
to aircraft. The simplified method presented 
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here is not. The reasonableness of the 
regulation is subjective... whether or not 
the people surrounding the lakes are willing 
to give up the advantage of having airplanes 
come in and out to get rid of the noise. As 
far as mitigation, there are no practical 
engineering ways to quiet existing small air
planes, partly because Federal Aviation 
Regulations prohibit any modifications with
out prohibitively expensive testing. 

Comment: I'm here to represent the Seaplane 
Pilots Association. We've done studies on 
methods to reduce aircraft noise. We've 
proven that simply by reducing revolutions 
per minute you can significantly reduce the 
noise-you can't eliminate it, of course. The 
major noise source on a float plane is the 
propel lor. As the propellor tip approaches 
supersonic speed, the noise becomes very 
objectionable. By reducing engine speed (in 
some cases, by only 100 rpm) the tip speed 
becomes significantly lower than supersonic 
and then the noise is greatly reduced. This 
is something that the Seaplane Pilots Asso
ciation is trying to educate all pilots to be 
aware of, rather than run with their prop 
control full forward when it's unnecessary. 
Another aspect: The shadow effect which you 
touched on is a very prominent factor when 
flying in the mountains --because an airplane 
that's down in a canyon adjacent to a 
listener is not going to be detected, whereas 
one that is flying overhead will be detected. 

The request that seaplane pilots have 
presented is to have a few landing sites des
ignated in the mountain lakes. We recognize 
that there are objections to aircraft noise. 
The noise will always be there due to the 
high-flying aircraft: airline traffic, 
military traffic, and Forest Service fire 
patrol airplanes. These high-flying air
craft generate more noise to the person on 
the ground near alpine lakes than an airplane 
that's over in the next canyon. 

Van Haagen: In response to this gentlemen's 
statement about the canyons, there are 
problems with temperature inversions which 
carry the sound over the hills and this is 
one of the severe problems one cannot 
predict. It means that you have sound prop
agating quite some distance at times. 
Particularly in the morning and evening. 

Comment: Clouds also reflect the sound. Am 
I correct? 
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Harrison: No. I think what happens is that 
clouds represent a rather marked change in 
the lapse rate and the temperature, so a very 
sharp refraction exists. 

Comment: So it's actually the temperature 
change rather than the presence of water 
vapor? 

Van Haagen: Well, it can act as a mirror; if 
the refractive index is greater at that point 
it can actually reflect the sound. But the 
cloud has to be fairly uniform. 

Harrison: The effect is complex, and 
impossible to predict in a field situation. 
I think we agree. 

Van Haagen: Yes, definitely. 

Comment: I've noticed departing aircraft, as 
they gain elevation, if above the cloud 
layer, don't seem to be as loud as they are 
on a clear day. 

Harrison: I suggest that that major factor 
is that you don't see them. 

Van Haagen: Thank you Rob. We also wish to 
thank Harry Levinson of Bowel and Kjaer 
Instruments, Inc. for bringing and demon
strating sound level equipment. To 
summarize: One of the most important factors 
to the recreational user is solitude and 
getting away from people and perhaps 
civilization! (That's a personal inter
jection). Noise represents all of these 
things the recreationist is trying to escape. 
I think the author's point is very well taken 
that noise is the objectionable part of 
sound. To avoid these sound sources is one 
of the purposes of the person going where he 
goes. It isn't only the visual aspect. 
Another one of the speakers this morning (the 
Appalachian Mountain Club representative) 
spoke of the fact that by spacing campsites 
around so you couldn't see each other, you 
wouldn't be affected by them. That may very 
well be for some people - out of sight, out 
of mind. And this is pointed out in this 
paper. Part of your perception is actually 
what you see and what you expect, as well as 
what you actually hear. 
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ASSESSING HUMAN IMPACTS IN TWO NATIONAL PARK AREAS OF WESTERN TEXAS 
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ABSTRACT--This paper presents some of the results of human impact 
research conducted under contract with the National Park Service 
in Big Bend National Park (BBNP) and Amistad Recreational Area 
(ARA) in 1976 and 1977, respectively. Two types of impact, live
stock grazing and recreational impact resulting from human use at 
designated campsites and their effects upon two biotic components 
(terrestrial rodents and vegetation), were monitored in the ripar
ian habitats of BBNP and ARA. Our results suggest that present 
levels of recreational usage in the Rio Grande River System have 
had little significant impact on these biological parameters in 
riparian habitats. Comparison of our findings with those of other 
workers suggests that an assessment of the cause (quantification 
and classification of users) as well as the effect (measurement of 
environmental changes) of visitor impacts is necessary to provide 
managers the information needed to cope with these problems. 
Management implications of the research are discussed. 

INTRODUCTION 

As use of selected nat ional park areas 
increases and as re la ted c o n f l i c t s emerge, 
the National Park Service (MPS) has sought 
to l i m i t use based on resource-carry ing ca
pac i t y . On the Colorado River , f o r example, 
the MPS placed r e s t r i c t i o n s on the number of 
people o u t f i t t e r s can carry dur ing the year 
(Boster, 1972). Use regu la t ions and l i m i t a 
t i ons have also been imposed (Roggenbuck, 
1975) in Canyonlands National Park and 
Dinosaur National Monument. In Grand Teton 
National Park, where f l o a t i n g use has i n 
creased sharply in recent years , r i v e r use 
is l i m i t e d to the number of r a f t s tha t can 
be phys ica l l y accommodated at entrance and 
departure points ( Jubenv i l l e , 1976). Out
f i t t e r s expect regu la t ions to be imposed on 
the Buf fa lo National River in coming years 
(Whisinant, 1978). While these are o f fered 
only as examples, they are i n d i c a t i v e of a 
t rend which shows the NPS imposing r e s t r i c 
t i ons on use of r iverways and backcountry 
areas (Bu t t s , 1976). 

Most of these r e s t r i c t i o n s have been 
t i e d to the NPS s ta tu to ry concern fo r pre
vent ing resource d e t e r i o r a t i o n . In some 
cases, r e s t r i c t i o n s have been based on rec
rea t iona l impacts. In other cases, r e s t r i c 
t i ons have been imposed as a preventat ive 
measure. Graefe (1977) po in ts ou t , "Because 
i t is managing non-renewable resources of 
nat ional importance and because such dramat
ic increases in use are unprecedented, the 
NPS has apparent ly opted to play i t safe 
env i ronmenta l l y - - to r e s t r i c t use before i r 
reve rs ib le damage to resources might occur." 
Given increasing recreat iona l use, t h i s is a 
reasonable approach. Unfor tunate ly , i t has 
not proven to be l e g a l l y or p o l i t i c a l l y 
safe. Without any evidence of resource deg
rada t i on , some members of the publ ic view 
the resu l tan t l i m i t a t i o n s as a r b i t r a r y and 
capr ic ious (Bu t t s , 1976). Several su i t s 
have been brought that have challenged the 
basis fo r the l i m i t a t i o n s . In response to 
such ac t ions , the NPS declared that regula-
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t i ons would not be changed "except f o r j u s t 
cause or through benef i t of f resh s c i e n t i f i c 
knowledge" (National Park Serv ice, 1975). 
So as to avoid the approach of documenting 
damage a f t e r i t has occurred, the MPS i n i t i 
ated research to es tab l i sh "the level of use 
tha t each r i v e r can sus ta in" (National Park 
Serv ice, 1975). This research w i l l provide 
the s c i e n t i f i c base fo r the management plans 
developed fo r each MPS area and fo r subse
quent dec is ion making. 

Other forces are at work in support of 
research e f f o r t s tha t document recreat iona l 
use and i t s impact on the natural resource 
base. The National Environmental Pol icy Act 
(NEPA) requires tha t decisionmakers under
stand and pred ic t the environmental impacts 
of t h e i r ac t ions . They are charged wi th 
analyzing the environmental impact of pro
posed act ions and adverse e f fec ts which can
not be avoided as wel l as a l t e rna t i ves to 
the proposed a c t i o n , the re l a t i onsh ip be
tween shor t - term use of natural resources 
and t h e i r long-term p r o d u c t i v i t y and the 
i r r e v e r s i b l e aspects of the proposed ac t i on . 
Regulations which seek to r e s t r i c t use so as 
t o minimize impact on park resources must be 
supported by an environmental impact s ta te 
ment which provides concise analys is and 
support f o r the regu la t ions . A concern fo r 
endangered species and t h e i r hab i ta ts has 
also re in forced both the need fo r regu la t ing 
rec rea t ion use and the need fo r s c i e n t i f i c 
studies tha t es tab l i sh the extent of impacts 
associated wi th recreat iona l use. 

This paper presents some of the resu l ts 
of recreat iona l impact research conducted 
under cont ract i n Big Bend National Park 
(BBNP) and Amistad Recreational Area (ARA) 
i n 1976 and 1977, respec t i ve l y . While both 
are w i t h i n the same r i v e r system, they are 
d i f f e r e n t wi th regard to management objec
t i v e s . The management categor ies fo r BBNP 
and ARA are " n a t u r a l " and " r e c r e a t i o n a l " , 
r espec t i ve l y . Management ob jec t ives fo r the 
two areas, however, are not c l e a r l y 
d i f f e r e n t i a t e d . According to the BBNP Mas
t e r Plan (NPS, 1973), the resources of Big 
Bend w i l l be managed so as to maintain the 
ecological processes of the area. Fur ther , 
the plan recognized that some areas can ac
commodate moderate to heavy usage wi th only 
loca l impact whi le other areas can absorb 
l i t t l e or no recreat iona l use. At ARA, on 
the hand, recreat iona l use is encouraged but 
not to the detr iment of scenic, s c i e n t i f i c , 
n a t u r a l , h i s t o r i c , and other values found 
there (NPS, 1974). The Amistad Natural Re
sources Management Plan recognizes the need 
f o r a v i s i t o r u s e analysis to obta in data on 
v i s i t o r - u s e a c t i v i t i e s and to develop moni
t o r i n g programs to protect the environment. 

The two areas also d i f f e r sharply in 
terms of annual park v i s i t a t i o n as shown in 
Table 1. I t should be remembered that the 
data presented in t h i s tab le are fo r the en
t i r e park and are intended fo r purposes of 
perspect ive . Data on use of spec i f i c r i p a r 
ian hab i ta ts w i l l be presented l a t e r in the 
paper where i t w i l l be cor re la ted to impact 
data. 

A l l of these forces have led NPS o f f i 
c i a l s to seek to prevent unacceptable 
resource d e t e r i o r a t i o n . Their focus i s 
p r i m a r i l y on physical and b io log i ca l 
resources. The research task has f a l l e n 
p r i m a r i l y to physical and b io log i ca l sc ien
t i s t s . I nc reas ing ly , we have recognized 
tha t i t is d i f f i c u l t to understand the im
pact of recreat iona l use and i t s managerial 
imp l i ca t ions without some knowledge and un
derstanding of the ex ten t , character , and 
t im ing and pat terns of recrea t iona l use. 
Again, we f i n d support i n NEPA's charge to 
agencies to u t i l i z e "a systemat ic , i n t e r d i s 
c i p l i n a r y approach which w i l l insure the 
in tegra ted use of the natural and social 
sciences . . . i n decisionmaking which may have 
an impact on man's environment." The design 
of the research reported here uses such a 
systematic i n t e r d i s c i p l i n a r y approach to 
understanding man's impact on the f l o r a and 
fauna of two study areas w i t h i n the Rio 
Grande River System in western Texas. 

DESCRIPTION OF THE STUDY AREAS 

Big Bend National Park 

Created in 1944, BBNP is located in 
Brewster County, Texas, on the southwestern 
part of the great bend in the Rio Grande be
tween El Paso and Laredo. Three major phys
ical features (the Chisos Mountains, the 
Chihuahuan Desert, and the Rio Grande) dom
inate the landscape of BBNP. Our studies 
v/ere conducted entirely in the floodplain or 
riparian vegetation which exists wherever 
periodic flooding occurs along the Rio 
Grande. Many of the popular campgrounds in 
BBNP are located in close proximity to these 
riparian communities. 

Amistad Recreation Area 

ARA was created in 1968 by the con
struction of Amistad Dam at the junction of 
the Rio Grande, Devils River, and Pecos 
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River in Val Verde County, Texas. At the 
340.5 meter (m) contour e l e v a t i o n , which is 
considered conservat ion l e v e l , the impounded 
water extends 119.1 k i lometers (km) up the 
Rio Grande, 40.2 km up the D e v i l s , and 22.5 
km up the Pecos River. The maximum f lood 
stage fo r the reservo i r is at the 348.0 m 
contour level which, except at developed 
s i t e s , def ines the boundary of the recrea
t i o n area. Several hundred acres of land, 

l og i ca l parameters (Set tergren, 1977). The 
f i r s t , and probably the most des i rab le meth
od is the be fo re /a f te r method in which b io
l og i ca l data are obtained p r i o r to opening 
up an area and then the area is again inven
t o r i e d a f t e r some period of use. A second 
method is to es tab l i sh a set of sampling 
p lo ts and t ransects in the used areas and 
locate a s im i l a r but undisturbed area nearby 
f o r an i d e n t i c i a l set of cont ro l po in ts . 

Table 1. Annual visitation to Big Bend National Park and Amistad Recreation 
Area 

Year 

1977 

19 76 

1975 

19 74 

1973 

1972 

1971 

1970 

T o t a l V i s i t s 
BBNP 

402,433 

456 ,201 

331,913 

191,252 

341,200 

290,247 

247,401 

172,648 

P e r c e n t Change of 
P rev ious Year T o t a l 

- 1 1 . 8 

+37.4 

+ 74.0 

- 4 4 . 0 

+18.0 

+17.0 

+43.0 

. . . 

Tota l V i s i t s 
ARA 

993,577 

1,094,605 

1,059,534 

951,961 

982,916 

969,746 

682,921 

678,972 

P e r c e n t 
Change 

- 9 .2 

+ 3 .3 

+11 .3 

- 3.0 

+ 1.4 

+42.0 

+ 0.6 

+51.6 

represent ing w i l d l i f e hab i ta t and natural 
area, l i e between the 340.5 and 348.9 m con
tour l e v e l s . 

The hab i ta ts on the rec rea t ion area 
have been a l te red somewhat since the con
s t r u c t i o n of the dam. Inundation by water 
destroyed most of the " t r ue " f l o o d - p l a i n 
r i p a r i a n hab i ta ts in the area, and these 
have been replaced by a f lood-zone type of 
r i p a r i a n hab i ta t along the edge of the res
e r v o i r . The size of the l a t t e r var ies sea
sonal ly and year ly depending upon the water 
level of the lake . The vegetat ion of the 
surrounding h i l l s i d e s is bas i ca l l y o f a 
desert scrub type wi th a sparse cover of 
grasses and fo rbs . 

METHODS 

There are bas i ca l l y three approaches to 
measuring recreat ion- induced changes in b io-

T h i r d , rec rea t ion areas may be surveyed, 
wi thout employing c o n t r o l s , to obtain impact 
comparisons between s i tes rece iv ing d i f f e r 
ent types and i n t e n s i t i e s of use. He were 
unable to use method 1 i n e i t he r of our 
studies along the Rio Grande; instead we 
used method 2 at ARA and method 3 at BBNP. 

Big Bend National Park 

S i x t y - f o u r major r i p a r i a n s i t es were 
i d e n t i f i e d . For purposes of s t a t i s t i c a l 
analys is each s i t e was t rea ted as a d i s t i n c t 
sampling e n t i t y although in p r a c t i c a l i t y the 
r i p a r i a n communities tend to form a cont inu
um along the r i v e r (a map dep ic t ing the ex
act l oca t i on of the 64 s i t e s is given in 
D i t t on et a l . , 1977, Figure 1 , page 257). 
Most of the r i p a r i a n areas are accessible 
only by f l o a t i n g the r i v e r . However, 26 r i 
par ian s i t es are accessible via roads, and 
most of these may be reached via a d i r t road 
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ca l l ed the River Road. Use data (1975) at 
BBNP were derived from backcountry permits 
tha t v i s i t o r s are required to obtain p r i o r 
to camping at any backcountry area or f l o a t 
ing the Rio Grande. Permit data were used 
f i r s t to es tab l i sh the ex ten t , character and 
patterns of Rio Grande co r r i do r use. Sec
ondly , permit data were t o ta led to provide a 
monthly desc r i p t i on of use at each of the 
designated p r i m i t i v e campsites along the 
River Road. Use data fo r the remaining r i 
par ian s i t es were not ava i l ab le as these 
areas were not i d e n t i f i a b l e . 

The i n t e r r e l a t i o n s h i p s between human 
impact and b i o t i c resources of the r i p a r i a n 
hab i ta ts in BBNP were invest igated at se
lected designated campsites which represent 
a continuum of human use varying from s i tes 
which receive l i t t l e impact to those receiv
ing heavy impact. Impact was assessed by 
means of a sub jec t ive s i t e -eva lua t i on sheet 
i n which eight d i f f e r e n t var iab les were as
signed ord inal ranks to determine the magni
tude of human and l i ves tock impact (D i t t on 
et a l . , 1977). The species composit ion and 
dens i ty of the t e r r e s t r i a l rodents was moni
tored at 11 s i t e s using a mod i f i ca t ion of 
the Calhoun and Casby (1958) method. The 
canopy-coverage method of Daubenmire (1959) 
was used to analyze vegetat ion ( t r e e s , 
shrubs, and grasses) at the rodent - t rapp ing 
s i t e s . The exact methodology f o r these 
studies is described elsewhere (D i t t on et 
a l . , 1976; Schmidly and D i t t o n , 1976; 
Schmidly et a l . , 1976; Boeer and Schmidly, 
1977; and Boeer, 1977) and w i l l not be de
t a i l e d here. 

Amistad Recreation Area 

Analysis of human impact and b i o t i c re
sources in the lakeshore hab i ta ts of ARA was 
conducted using three primary study s i t e s , 
each r e f l e c t i n g d i f f e r e n t i n t e n s i t i e s of hu
man or l i ves tock impact. The f i r s t s i t e , 
Governor's Landing, is an overnight camp
ground wi th p r i m i t i v e f a c i l i t i e s . This 
campground cu r ren t l y receives continuous 
use; i t was selected as a study s i t e tha t 
experienced considerable human impact. Data 
regarding overnight camping use of Gover
nor 's Landing were derived from voluntary 
r e g i s t r a t i o n forms. A d d i t i o n a l l y , we r e l i e d 
upon v isual on -s i te counts made by NPS per
sonnel and mechanical counts made by pneu
matic tube t r a f f i c counters deployed at 
entrance po in ts . Personal observat ion and 
t ime- lapse photographic techniques were used 
to i d e n t i f y on -s i te recreat iona l use pat
terns at Governor's Landing. 

Two study s i t es were located at Long 
Po in t , an area across the lake from Gover
nor 's Landing. These were establ ished on 
each side of a fence; one s i t e represented 
an overgrazed area and the other a non-
grazed, l i g h t l y impacted cont ro l s i t e . 
These s i tes received very l i t t l e human v i s 
i t a t i o n due to t h e i r r e l a t i v e l y inaccessib le 
l oca t i on and l i m i t e d recreat iona l oppor tun i 
t i e s . The overgrazed study s i t e has been 
under grazing pressure by sheep, c a t t l e and 
goats i n t e r m i t t e n t l y since 1900. 

Small mammals were sampled using 100 
Sherman l i v e t raps set in standard t rapping 
gr ids fo r f i v e consecutive nights each month 
from January through June at the three study 
s i t e s . This t rapp ing regime resu l ted in 
3000 t rapn igh ts at each s i t e . A l l mammals 
captured were marked by toe c l i pp i ng and re
leased a f t e r species i d e n t i f i c a t i o n , sex, 
approximate age, and reproduct ive cond i t ion 
were noted. Trap records permitted estima
t i o n of species populat ion dens i t y , home 
range, and d i s t r i b u t i o n in the hab i ta t . 
Species dens i t ies were estimated by ca lcu
l a t i n g capture frequency, which is an i n d i 
ca t ion of catch per un i t e f f o r t or t o t a l 
captures per t r a p - n i g h t . Indices of general 
d i v e r s i t y , r ichness, and evenness were gen
erated fo r each study s i t e using the Shannon 
Index formula fo r general d i v e r s i t y (Odom, 
1971). 

The whi te-ankled mouse (Peromyscus pec
t o r a l i s ) was the most abundant small rodent 
recorded dur ing the l i v e - t r a p p i n g s tud ies . 
Several aspects of i t s populat ion character
i s t i c s ( i nc lud ing home range, sex, and age 
s t ruc tu re ) were analyzed at the Governor's 
Landing and Long Point-ungrazed study s i t e s . 
Animals were aged on the basis of pelage 
c h a r a c t e r i s t i c s as f o l l ows : (1) j u v e n i l e s , 
pelage short and gray along l a t e r a l f lanks 
and dorsum; (2) subadul ts , pelage brownish-
gray wi th obvious molt l i nes across the 
dorsum; (3) adu l t s , pelage a r i ch cinnamon-
brown c o l o r a t i o n . A l l animals captured were 
weighed to the nearest 0.5 gram (g) w i th a 
30 g-capaci ty hand-held Pesola scale gradu
ated in 1 g i n t e r v a l s . 

Two d i f f e r e n t techniques were used to 
assess the vegetat ion at the three study 
s i t e s . The po in t -centered-quar ter technique 
(Cottom and C u r t i s , 1956) was used to mea
sure change in shrub growth, and the grass-
and-forb stratum was sampled f o r percent 
cover using the point-quadrant method 
(Brown, 1954). The sampling points in the 
campground were randomly located and not 
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restricted to pathways or picnic areas. 

RESULTS 

Big Bend National Park 

The detailed results of the Big Bend 
study are reported elsewhere (Ditton et al., 
1976; Schmidly and Ditton, 1976; Schmidly et 
al., 1976; Boeer and Schmidly, 1977; and 
Boeer, 1977) and only the relationships 
among human use, subjective impacts, and 
biological parameters will be discussed 
here. 

A distribution (in man-days) of total 
River Road camping by individual designated 
sites is presented in Table 2. These data 
reveal that camping at designated primitive 
River Road campsites was concentrated at a 
very few sites. Two River Road sites 
(Gravel Pit and Sol is) accounted for 39% (in 
man-days) of total annual River Road use. 
Four more sites (San Vincente Crossing, 
Talley, Black Dike, and Johnson Ranch) 
accounted for an additional 32% (man-days) 
of total annual River Road site use. Thus, 
in terms of mandays of camping provided, six 
sites account for 71% of the total annual 
River Road use. Alternatively, eight of the 
remote River Road sites received less than 
2% each of the total river oriented back-
country camping. These data suggest that, 
for most sites at most times, use is ex
tremely low. 

Human and livestock impact were as
sessed at 64 riparian sites along the Rio 
Grande. Analysis revealed that livestock 
impacts were common and constant along the 
entire riparian corridor; however, signifi
cant variation existed among the 64 sites 
with respect to human impact. Of the 64 
sites, only 15 could be considered as heav
ily impacted and 10 of these were distrib
uted along the River Road where access was 
easiest. Human impact ratings for the 17 
River Road sites for which use (man-days) 
and biological data were available are pre
sented in Table 2. 

Table 2 also includes the results of 
7,920 trap nights of collecting small ro
dents at 11 different riparian sites (720 
trap nights per site) along the Rio Grande. 
The riparian rodent fauna of BBMP is less 
diverse than that of the desert-shrub, 
grassland, or woodland habitats. Eight 
species of small terrestrial rodents occupy 
riparian habitats in BBNP. Perognathus pen

icillatus is overwhelmingly the most abun
dant small rodent in the riparian habitat 
and, for this reason, the total density of 
heteromyid rodents is greater than that of 
cricetid rodents. The three other heteromy
id species are relatively rare along the 
river, although D. merriami is common at a 
few sites. Densities of the four species of 
cricetid rodents are more similar to one 
another than the densities of the heteromyid 
species. Peromyscus leucopus is the most 
most common cricetid and P7 eremicus the 
least common; Sigmodon hispidus and Neotoma 
micropus occur in about equal numbers. 

The extent of correlation among human 
impacts, usage, and biological resources was 
investigated by using Kendall's coefficient 
of rank correlation (is, tau; for a complete 
discussion of this method see Sokal and 
Rohlf, 1969). Values of t for the correla
tions of user and biological parameters with 
human impact data are as follows (probabil
ity of statistical significance given in 
parenthesis; asterisks indicate values that 
are statistically significant): human im
pact vs. use in man-days, .5822 (.0012)*; 
human impact vs. total cricetid catch, .1705 
(.2758); human impact vs. total heteromyid 
catch, .0615 (.7874); human impact vs. per
cent cover shrubs, .1302 (.4066); human 
impact vs. percent cover grasses, .1102 
(.4842); and human impact vs. percent cover 
trees, -.3609 (.0214)*. Two important cor
relations are significant in these data. 
First, a positive and significant correla
tion exists between total subjective human 
impact ratings and annual camping use by 
site (man-days). This verifies that as use 
increases, subjectively evaluated impact 
increases. Second, percent cover of trees 
is negatively and significantly correlated 
with human impact, whereas percent cover of 
shrubs and grasses and rodent densities do 
not correlate significantly with human 
impact. 

Amistad Recreation Area 

Study sites were selected so as to mea
sure two kinds of impacts, livestock grazing 
and human usage, on the riparian habitats of 
ARA. Livestock impacts are evaluated by 
comparing the results of studies at the Long 
Point-ungrazed site with those at the Long 
Point-grazed site control. Human impacts 
are evaluated by comparing the results of 
studies at the Long Point-ungrazed site con
trol, which receives almost no human visita
tion, with those at Governor's Landing, 
which is a designated overnight campground. 
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Table 2. Annual campsite use, total human impact, rodent densities, and percent 
cover for trees, shrubs, and grasses at River Road campsites in Big Bend National 
Park 

1. Man-days of use per site (percent use given in parentheses). 
2. Median value of man's impact parameter (see Fig. 2, p. 260, 

Ditton et al., 1977). 
3. Total individual animals captured per 720 trap-nights per site 

(number of species in parenthesis). 
4. Estimated percent cover using the Daubenmire (1959) method. 
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River Road 
Site 

Gravel Pit 

Solis 

San Vincente 

Talley 

Johnson Ranch 

Black Dike 

La Clocha 

Woodson's 

Rooneys 

Buenas Aires 

Casa Piedra 

Other 

Pettit's 

Gauging Station 

Smokey Creek 

Jewel's Camp 

Compton' s 

Loop Camp 

Sierra Chino 

Hot Springs 

Use1 

1,426.5 (20.0) 

1,377.7 (19.3) 

677.9 (9.5) 

577.3 (8.1) 

545.9 (7.6) 

475.5 (6.6) 

273.0 (3.8) 

264.8 (3.7) 

229.7 (3.2) 

224.0 (3.1) 

167.7 (2.3) 

164.7 (2.3) 

136.7 (1.9) 

120.2 (1.7) 

118.0 (9.5) 

105.7 (1.5) 

98.0 (1.4) 

76.7 (1.1) 

65.6 (0.9) 

26.0 (0.4) 

2 
duman 
Impact 

16.0 

18.0 

16.0 

17.0 

18.0 

28.0 

20.0 

14.5 

9.5 

6.0 

14.5 

8.5 

14.0 

9.5 

7.5 

8.0 

7.0 

Heteromyid 
Catch 

67 (3) 

74 (1) 

70 (2) 

21 (1) 

46 (2) 

43 (2) 

37 (2) 

42 (2) 

55 (2) 

79 (2) 

41 (2) 

3 
Cricetid 
Catch 

15 (3) 

58 (3) 

36 (3) 

12 (4) 

23 (3) 

30 (4) 

5 (2) 

6 (3) 

27 (4) 

10 (4) 

16 (3) 

%4 

Trees 

9.8 

8.0 

12.0 

6.0 

12.0 

9.8 

9.8 

8.0 

4.7 

9.8 

9.8 

„4 

Shrubs 

5.3 

3.0 

1.2 

3.0 

21.9 

2.4 

3.0 

2.4 

1.2 

2.4 

1.8 

%4 

Grasses 

14.0 

21.9 

12.0 

5.3 

19.9 

16.0 

8.0 

4.7 

18.0 

16.0 

3.5 



The only in format ion ava i lab le regarding 
recreat iona l use of t h i s s i t e is taken from 
t r a f f i c counter data gathered by NPS person
ne l . The number of cars enter ing and leav
ing Governor's Landing was recorded as 
fo l lows fo r the study per iod : August, 1976 
- 2,829; September, 1976 - ma l func t ion ; 
October, 1976 - 557; November, 1976 - 703; 
December, 1976 - 461; January, 1977 - 247; 
February, 1977 - 1,253; March, 1977 - 1,109; 
A p r i l , 1977 - 1,310; May, 1977 - 907; June, 
1977 - 1,165 and J u l y , 1977 - 1,207. 

A l l l i ve - t rapped mammals were small ro
dents. Six d i f f e r e n t species belonging to 
two fami l ies were trapped on the study s i t es 
as f o l l ows : Family Meteromyidae (Perogna-
thus f l a v u s , P. h i sp idus , P. ne l son i ) ; 
Family Cr icet idae (Peromyscus pectoral i s , 
Sigmodon h isp idus , and Neotoma micropuT)". 
The number o f d i f f e r e n t animals captured, 
t o t a l captures, and capture frequency (cap
tures per t r ap -n i gh t ) are presented in Table 
3. Indices of d i v e r s i t y , r i chness , and 
evenness fo r each study s i t e are given in 
Table 4. Demographic features analyzed fo r 
P. pectoral is included sex r a t i o s , age-class 
and weights (see Table 5 ) . So few i n d i v i d u 
als were captured at the Long Point-grazed 
s i t e tha t v i r t u a l l y nothing about populat ion 
demography of P. pec to ra l i s could be assess
ed. 

Grazing Impacts 

Vegetation. The point -quadrat a-
nalys is was used to detect d i f fe rences in 
amount and t o t a l cover of forbs and grasses. 
The amount of cover ava i lab le on the grazed 
s i t e was less than on the ungrazed s i t e . 
The type of cover also d i f f e r e d between the 
two areas. H a l l ' s panicum (Panicum h a l l i ) , 
threeawns ( A r i s t i d a sp.) and f a i r y d u s t e r 
(Ca l l iandra c o n f e r t a ) , three of the more 
common species prov id ing cover on the un
grazed g r i d , were r e l a t i v e l y uncommon on the 
grazed s i t e . The r a r i t y of f a i r y d u s t e r , 
which is a des i rab le browse p l an t , on the 
grazed s i t e is d i r e c t l y a t t r i b u t e d to over
graz ing. The cover on the grazed s i t e was 
composed of species such as ha i ry t r i dens 
(Erioneuron p i losum), red plantage (Plantage 
rhodosperma) and cudweed (Gnaphalium f a l c a -
tum). The aer ia l parts of these plants d id 
not extend as fa r above the ground as d id 
those plants prov id ing cover on the ungrazed 
s i t e . The po in t -centered-quar ter analysis 
revealed some d i f fe rences in species compo
s i t i o n of shrubs between the grazed and 
ungrazed s i t e . Blackbrush acacia (Acacia 
r i g i d u l a ) was more abundant on the ungrazed 

s i t e s , whereas ceniza (Leucophyllum f r u t e s -
cens) was more common on ungrazed s i t e s . 

Small mammals. In comparing the 
grazed and ungrazed study s i t es at Long 
Po in t , some marked d i f ferences were noted in 
the species composit ion as wel l as densi ty 
of the rodent fauna (Table 3 ) . The rodent 
fauna on the grazed s i t e was composed p r i 
mar i l y of heteromyid rodents (65.8% of the 
t o t a l ca t ch ) , whereas the kinds of rodents 
were rare on the ungrazed s i t e (1.4% of the 
t o t a l catch) where c r i c e t i d rodents dominat
ed the t o t a l ca tch . Capture frequencies 
were over four times greater on the ungrazed 
than on the grazed s i t e , r e f l e c t i n g the 
higher densi ty of rodents on the former 
area. The grazed s i t e had higher indices of 
d i v e r s i t y , r i chness, and evenness than the 
ungrazed s i t e (Table 4 ) . The greater r i c h 
ness value was a resu l t of the occurrence 
of more species on the grazed s i t e . The 
lower evenness value on the ungrazed s i t e 
was due to the fac t that one species, P. 
pectoral is accounted f o r more than one-hal f 
of a l l small rodents captured on the un
grazed s i t e , whereas small rodents captured 
on the grazed s i t e were more evenly d i s t r i b 
uted among a l l species captured. 

Human Impacts 

Vegetation. There were no great 
d i f fe rences i n t o t a l cover provided by 
grasses anf forbs at the campground or the 
unused cont ro l s i t e . Threeawn ( A r i s t i d a 
s p . ) , leatherstem (Jatropha dioica).", ha i ry 
t r i dens (Erioneuron pilosium") arid f a i r y 
duster (Cal l iandra confer ta) were common at 
both s i t e s . Certa in areas at Governor's 
Landing were covered wi th a denser, grassy 
vegetat ion than was found at Long Po in t . No 
s i g n i f i c a n t d i f fe rences in shrub height or 
canopy diameter were detected fo r any spe
cies at e i t he r study s i t e . Common shrubs at 
a l l three s i tes included blackbrush acacia 
(Acacia r i g i d u l a ) , g u a j i l l o (Acacia ber land-
i e r i ) , and p r i c k l y pear (Opuntia engelman-
ni i ) . 

Small mammals. Rodent d e n s i t i e s , 
as re la ted by capture frequencies (Table 3 ) , 
were s l i g h t l y greater at the campground 
(Governor's Landing) than at the cont ro l 
s i t e (Long Pointungrazed). The cont ro l s i t e 
had higher d i v e r s i t y and richness values in 
the Shannon-Weaver formula (Table 4) re 
f l e c t i n g a greater number of species (5) 
taken here than at Governor's Landing ( 3 ) . 
The rodents captured at Governor's Landing 
were more evenly d i s t r i b u t e d among several 
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Table 3. Number of small mammals marked, total captures, and recaptures at the three study 
sites 

1. Trap-nights for study site. 

2. Calculated as total captures divided by total trap-nights. 

Table 4. Shannon-Weaver index of diversity for the terrestrial rodent fauna 
at the three major study sites 
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Species 

Peromyscus pectoralis 

Sigmodon hispidus 

Neotoma micropus 

Perognathus flavus 

Perognathus hispidus 

Perognathus nelsoni 

TOTALS 

Capture Frequency 2 

Long 

T3 
0) 
PZ 

. P4 

o 0 

48 

18 

13 

1 

2 

0 

82 

Point-Ung 
(3000)L 

v 
a 
u 

rH 0 
0j 4-> 
4-1 P. 

o ca 
H O 

176 

44 

17 

1 

2 

0 

240 

8.00% 

razed 

a 
H 
a 
4-1 
P. 
« 

. O 
O 04 
PS PS 

128 

26 

4 

0 

0 

0 

158 

Long 

4) 

• U 
O 0 
PS 3 

7 

1 

4 

14 

4 

1 

31 

Point-Gra2 
(3000) 

ra 
o 
c 

rH 3 
cs m 
4-i EX 
O CS 
H U 

8 

8 

4 

19 

5 

1 

38 

1.27% 

:ed 

0 
>J 

0 
u 
IB 

. o 
O 0) 
PS PS 

1 

0 

0 

5 

1 

0 

7 

Govern 
( 

T3 
0) 
y 

. E4 
O CO 
PS 3 

43 

58 

7 

0 

0 

0 

108 

or' s Lai 
3000) 

04 
U 

cd 4J 
4-1 EX 
O cd 
H O 

186 

136 

8 

0 

0 

0 

330 

LI.00% 

iding 

T3 
04 •-
0 
4-1 
EX 
id 

• o 
O 0) 
PS Pd 

143 

78 

1 

0 

0 

0 

222 

Diversity (H) 

Evenness (e) 

Richness (d) 

No. of Species 

Long Point 
Ungrazed 

1.083 

.673 

.908 

5 

Long Point 
Grazed 

1.445 

.803 

1.456 

6 

Governor's 
Landing 

.878 

.799 

.427 

3 



Table 5. Number and percent of Peromyscus pectoralis in each age class and mean weights as 

reflected by live-trapping studies at Long Point-Ungrazed and Governor's Landing 

Month 

Jan. 

Feb. 

Mar. 

Apr. 

May 

Jun. 

Totals 

% of 
total 
population 

Mean 
Weight 

Lon 

adults 
(AD) 

1 
4 (-) 

8 (21.51) 

12 (20.04) 

8 (20.36) 

13 (20.50) 

7 (20.25) 

52 

58.43 

20.49 

g Point-Ungra 

sub-adults 
(SA) 

1 
7 (-) 

7 (17.33) 

6 (17.00) 

8 (18.29) 

3 (19.08) 

0 

31 

34.83 

17.78 

.zed 

juveniles 
(JV) 

1 
3 (-) 

2 (15.25) 

0 

0 

0 

1 (10) 

6 

6.74 

13.50 

C 

adults 
(AD) 

1 
8 (-) 

5 (24.27) 

5 (22.10) 

8 (25.18) 

8 (25.35) 

13 (23.74) 

47 

52.22 

24.22 

Governor's Landing 

sub-adults 
(SA) 

1 
3 (-) 

10 (19.27) 

5 (18.91) 

3 (20.47) 

0 

4 (18.69) 

25 

27.78 

19.25 

juveniles 
(JV) 

1 
4 (-) 

2 (16.82) 

4 (13.56) 

1 (20.25) 

6 (11.03) 

1 (15.00) 

18 

20.00 

15. 10 

1. Numbers in parentheses are mean weights in grams. 

species than at Long Poi nt-ungrazed as re
f lected by the higher evenness value. 

Several aspects of the population de
mography of P^ pectoralis were compared 
between the control si te and the campground. 
More male than female P^ pectoral is were 
taken at both Governor's Landing and Long 
Point-ungrazed, but these deviations were 
not s ign i f icant ly di f ferent from the expect
ed 50:50 rat io at either s i te . At both 
s i tes, adult Fj\_ pectoralis compromised a 
greater percentage and juveniles a smaller 
percentage of the populations than any other 
age class (Table 5) . However, adults made 
up a s igni f icant ly greater percentage of the 
total population at Long Point-ungrazed than 

at Governor's Landing, and, conversely, 
juveniles made up a s igni f icant ly greater 
percentage of the total population at Gover
nor's Landing than at Long Point-ungrazed. 
Mean weights of subadult and adult P. pec
to ra l i s were s ign i f icant ly less (StiTdent' s 
t - t e s t ; p j<.05) at the Long Point-ungrazed 
si te than at Governor's Landing. 

DISCUSSION 

Although two types of impact, livestock 
grazing and recreational impact resulting 
from human use at designated campsites and 
their effects upon two biotic components 
(terrestrial rodents and vegetation), were 
monitored in the riparian habitats of BBNP 
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and ARA, t h i s d iscussion w i l l focus on rec
rea t iona l impacts. 

Some possib le recreat iona l impacts on 
vegetat ion in r i p a r i a n hab i ta ts include the 
f o l l ow ing ( a f t e r Se t te rg ren , 1977): (1) 
mechanical i n j u r y to t rees on heavi ly used 
areas; (2) t o t a l e l i m i n a t i o n o f t rees i n the 
younger age classes (seedl ings and sapl ings) 
which resu l t s in a reduct ion in under-story 
vege ta t ion ; and (3) t rampl ing which resu l t s 
i n the reduct ion in the nat ive ground cover 
both i n amount and the number of species 
represented. Examples of a few kinds of 
these impacts were observed in our studies 
at BBNP and ARA. Mechanical i n j u r y to t rees 
(such as wood cu t t i ng ) was observed at sev
era l camping s i t es i n BBNP. Furthermore, 
the occurrence of t rees was negat ively and 
s i g n i f i c a n t l y cor re la ted wi th human impact, 
i n d i c a t i n g tha t as impact increases the 
frequency of t rees (espec ia l l y the smaller 
seedlings and sapl ings) decreases. Our 
observat ions at the Governor's Landing camp
ground at ARA ind ica te tha t r ec rea t i on i s t s 
do not use the e n t i r e s i t e un i fo rmly . Rath
e r , they tend to congregate at and move 
along spec i f i c s i t es and rou tes , such as 
p icn ic benches, san i ta ry f a c i l i t i e s , and the 
s t r a i g h t - l i n e paths between. The impact of 
use on the vegetat ion is almost exc lus ive ly 
l i m i t e d to these obviously impacted loca
t i o n s . In f a c t , assessment of vegetat ion at 
random points throughout the campground did 
not reveal any s i g n i f i c a n t d i f fe rences in 
ground cover (grasses, f o r b s , and shrubs) 
between the campground and the unimpacted 
cont ro l s i t e at Long Po in t . 

V i s i t o r use impacts other than the 
obvious e f f ec t s on vegetat ion and so i l com
pact ion (such as seen along t r a i l s ) are 
extremely d i f f i c u l t to de tec t . A number of 
studies (summarized by Set te rg ren , 1977) 
have examined changes in vegetat ion and so i l 
as a r esu l t of recreat iona l use, but very 
l i t t l e l i t e r a t u r e is ava i l ab le concerning 
the impact of concentrated recreat iona l ac
t i v i t y on w i l d l i f e popu la t ions, espec ia l l y 
non-game w i l d l i f e . The few ava i lab le stud
ies (Foin et a l . , 1977; A i t c h i s o n , 1977) 
suggest tha t human use of a campground could 
a f f e c t , e i t he r p o s i t i v e l y or negat ive ly , the 
dens i ty and d i v e r s i t y of w i l d l i f e popula
t i ons as wel l as the populat ion s t ruc tu re of 
i nd i v idua l species, and that d i f f e r e n t spe
c ies may exh ib i t t o t a l l y d i f f e r e n t responses 
to human uses depending on t h e i r ecological 
requirements. A compl icat ing f a c t o r i n 
studies of v i s i t o r impacts on w i l d l i f e popu
l a t i o n s i s the d i f f i c u l t y i n separat ing 

v i s i t o r e f fec ts from environmental e f f e c t s . 

Our studies at BBNP and ARA suggest 
tha t present leve ls of recreat iona l i usage in 
the Rio Grande River System have had l i t t l e 
s i g n i f i c a n t impact on densi ty of rodent pop
u l a t i o n s . At BBNP there was no s i g n i f i c a n t 
c o r r e l a t i o n between sub jec t i ve l y evaluated 
human impact and densi ty of any rodent spe
c ies or taxonomic category ( i . e . , c r i c e t i d 
rodents and heteromyid rodents) . Total 
rodent dens i t ies were higher at the camp
ground in ARA than at the unused cont ro l 
s i t e , although some d i f fe rences in the den
s i t i e s of i nd iv idua l species were apparent 
between the two study s i t e s . The densi ty of 
P. pectoral is was about the same at the 
campground as at the cont ro l s i t e , but 
co t ton ra ts (Sigmodon hispidus) were more 
common at the campground and woodrats (Neo-
toma micropus) were more common on the con
t r o l p l o t . These d i f fe rences are probably 
re la ted to microhabi ta t d i f fe rences at the 
tv/o study s i tes rather than any component of 
human impact. Cotton rats are known to pre
f e r dense, grassy vegetat ion and more of 
t h i s hab i ta t type was ava i lab le at Gover
nor 's Landing than at Long Po in t . Woodrats 
were genera l ly captured in assoc ia t ion wi th 
p r i c k l y pear (Opuntia engelmannii) which 
occurred in approximately equal abundance at 
both s i t e s . The d i f f e r e n t i a l response of 
these rodents i l l u s t r a t e s the importance of 
understanding the ecological requirements of 
species in determining whether or not they 
may be af fected by v i s i t o r impacts. 

The resu l t s of our studies contrast 
somewhat wi th those of Foin et a l . (1977) 
and A i t ch i son (1977) who studied the e f fec ts 
o f v i s i t o r impacts on w i l d l i f e at camp
grounds in Ca l i f o rn i a and Ar izona, respec
t i v e l y . Foin et a l . (1977) noted that deer 
mice (Peromyscus maniculatus) occurred in 
greater dens i t ies at campgrounds in Yosemite 
National Park than at other places in the 
park, and they regarded t h i s d i f fe rence as a 
c lear response to supplemental food sources. 
These authors also noted tha t another ro
dent , the montane vole (Microtus montanus), 
showed no r e l a t i o n to v i s i t o r use. A i t c h i 
son (1977) studied the e f fec ts of a camp
ground on breeding b i rds in Arizona over a 
three-year period and observed tha t b i r d 
breeding dens i t ies were s im i l a r between a 
constructed campground and a r e l a t i v e l y 
natural area when the campground was closed 
to campers. However, b i rd species composi
t i o n d i f f e r e d between s i t e s , the campground 
having r e l a t i v e l y heavier bodied birds (X = 
48.5 g) than the cont ro l area (X = 38.2 g ) . 
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Once the campground was opened for human 
use, the breeding bird population decreased 
in density and diversity; on the control 
site, the population either remained the 
same or increased (Aitchison, 1977). 

There was no obvious relationship bet
ween species diversity and human impact in 
BBNP, but fewer species (3) occurred at the 
campground in ARA than at the unused control 
site (5). However, the two species that oc
curred at the Long Point control site in ARA 
and not at Governor's Landing campground 
were rare at the former site (only 3 indi
viduals captured), and we feel that the dif
ferences in species diversity between the 
two sites was probably not the result of 
human presence. 

Definite differences were observed in 
the population structure of Peromyscus pec
toral is at the campground in ARA as compared 
to the control site. Significantly more 
juveniles were in the population at the 
campground, and the animals of all age 
classes weighed significantly more at the 
campground than at the control site. Foin 
et al. (1977) also noted that populations of 
Peromyscus maniculatus in campgrounds had a 
higher preponderance of juvenile individuals 
than did other populations. These observed 
differences in population structure could 
result from secondary or indirect effects of 
human presence, although it is difficult to 
conclusively prove this point. For example, 
one could postulate that animals in the 
campground weigh more because of the supple
mental food source (in the form of food 
scraps) available to them. Similarly, the 
preponderance of juveniles in the population 
at the campground could indirectly result 
from human presence. Rodents, as primary 
consumers in the food chain, are preyed upon 
by various predators such as rattlesnakes, 
hawks, and coyotes. Because of man's con
tinued presence at campgrounds predators 
should not be as common there as in other 
places. Theoretically, younger less wary 
animals should be more susceptible to pred-
ation than the more experienced adults. 
Consequently, one might expect younger ani
mals to comprise a greater percentage of the 
population at the campground, where predator 
populations are probably lower, than at the 
control site where predators are more 
common. 

The implications of our research at 
BBNP and ARA are that overgrazing by domes
tic livestock (particularly cattle) has had 
a much more devastating effect on vegetation 

and rodent populations than have recreation
al impacts. Livestock are attracted to 
these riparian zones because they prefer the 
quality and variety of forage available 
which, because of its moisture content, is 
more palatable (Ames, 1977). The impact of 
livestock is more generalized and less con
centrated than that of human users. As 
mentioned earlier, people do not use a camp
site uniformly but tend to restrict their 
activities to well defined trails, showing 
an obvious reluctance to pioneer new routes 
through unknown territory. Livestock, on 
the other hand, do not restrict their move
ments to predefined paths, and they tend to 
exert a more generalized disturbance on the 
ecosystem. 

MANAGEMENT CONSIDERATIONS 

Research has demonstrated that concen
trated recreation can alter soil and 
vegetation in a campground, but the effects 
on wildlife populations seem to be of a sec
ondary or indirect nature and not primarily 
related to the presence of visitors. These 
secondary or indirect effects are difficult 
to detect and distinguish from environmental 
effects which are presumably independent of 
visitors. And, as has been mentioned, im
pacts of recreationists are greatest, if not 
exclusively, on the sites where their activ
ities are concentrated. The question of how 
much of the total resource is adversely im
pacted is seldom addressed. 

Recreation management agencies must 
consider the cause as well as the effect of 
visitor impacts, and they must attempt to 
relate changes in environmental parameters 
to the number of visitors and the type of 
use. Therefore, studies are needed which 
incorporate an assessment of the cause 
(quantifying and classifying users) as well 
as the effect (measuring environmental 
changes) to provide management the necessary 
information to cope with these problems. 

Ecological changes, resulting from 
visitors may take a long time to become ap
parent. Furthermore, it is possible that, 
following an initial change in environmental 
parameters, very little additional impact 
will result with increased use. Unfortu
nately, funds and/or time for impact re
search are often short, and investigators 
are unable to adequately answer questions 
concerning visitor cause and ecological 
effect. Without time to develop and carry 
out a research program, management decisions 
will be based on inadequate information. 
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This is p a r t i c u l a r l y t rue of studies r e l a t 
ing to w i l d l i f e popu la t ions, i n which the 
e f f ec t s of v i s i t o r use are o f ten secondary 
and may requi re several years of data to 
de tec t . A d d i t i o n a l l y , many w i l d l i f e pop
u la t i ons undergo c y c l i c f l u c t u a t i o n s and 
shor t - term studies can lead to erroneous 
conclusions about populat ion cha rac te r i s 
t i c s . 

Several past s tudies focusing on the 
impact of recrea t iona l a c t i v i t y have sought 
to i d e n t i f y a recrea t iona l car ry ing capac
i t y , a level beyond which f u r t he r use is 
unacceptable. As Schreyer (1976) points 
ou t , however, such a s ing le f i gu re is un
l i k e l y , even fo r a p a r t i c u l a r area under a 
spec i f i c management po l i c y . He suggests 
tha t a range of values or thresholds i s 
l i k e l y to emerge from which decis ions must 
be made. The research reported here does 
not seek to es tab l i sh a car ry ing capac i ty . 
Instead the paper focuses on documenting 
changes in the ecosystems s tud ied . Any 
recreat iona l use of a resource w i l l r esu l t 
i n some change in resource cond i t i ons . The 
c r i t i c a l task f o r management is to decide 
what is an acceptable level of phys ica l -
b i o l og i ca l change. This requi res a value 
judgment (on the part of management) as to 
the d e s i r a b i l i t y of changes tha t are a n t i c i 
pated or have already occurred, i . e . , 
whether there is excessive dev ia t ion from 
the accepted standard f o r resource q u a l i t y 
as spec i f ied in the area's management objec
t i v e s (or t h e i r i n t e r p r e t a t i o n ) . 

This paper focuses on re la t i onsh ips 
between human use and environmental impacts; 
however, i t i n no way intends to ignore the 
research e f f o r t s probing the socio-psycho
log i ca l components of ca r ry ing capac i ty . As 
suggested by Set tergren (1977), rec rea t i on 
managers should also consider how the publ ic 
perceives the d e t e r i o r a t i o n in terms of the 
t o t a l resource. In response, some managers 
may argue that since they have the s ta tu to r y 
management r e s p o n s i b i l i t y , i t is t h e i r per
cep t i on , not the v i s i t o r ' s , tha t counts. 
Other managers r ea l i ze tha t knowing what 
v i s i t o r s consider important w i l l also be 
useful to them in t h e i r decisionmaking r e l a 
t i v e to the " s i gn i f i cance " of impacts. For 
example, v i s i t o r s e n s i t i v i t y to some of the 
human and l i ves tock impacts, invest iga ted by 
Schmidly and D i t t o n (1976) were probed by 
D i t t o n , Graefe and Mertens (1977). This was 
done by asking survey respondents the extent 
to which they were d is turbed by i d e n t i f i e d 
impacts. The study group did not appear 
d is turbed by any of the impacts considered 

e a r l i e r as the modal response was "not at 
a l l d i s t u r b e d " . This can have two meanings. 
I t may be tha t the spec i f i c objects of im
pact on the r i p a r i a n zone as measured is in 
f ac t not a serious problem or that the im
pact parameters selected and studied by 
Schmidly and D i t t o n , whi le re levant to rnana-" 
gers and researchers as ind ica to rs of re
source cond i t i ons , were not p a r t i c u l a r l y 
important to v i s i t o r s and t h e i r recreat iona l 
experiences. 

Understanding elements of recreat iona l 
experiences provided at an area may be j u s t 
as important as understanding b io log ica l 
components in determining sustainable leve ls 
of use. For example, i n add i t ion to the im
pact studies conducted in 3BNP reported ear
l i e r in t h i s paper, Graefe (1977) found that 
r e l a t i v e l y high leve ls of s a t i s f a c t i o n were 
found to pers is t across a l l i d e n t i f i a b l e 
subgroups of v i s i t o r s who f l oa ted the Rio 
Grande in BBNP. In f a c t , no i d e n t i f i a b l e 
groups of d i s s a t i s f i e d v i s i t o r s were found. 
These f i n d i n g s , when taken together wi th 
e a r l i e r f i nd ings deal ing wi th physical im
pacts , should provide management wi th a 
c lea re r understanding of the ex i s t i ng s i t ua 
t i o n i n BBNP. Numerous socia l s c i e n t i s t s 
are doing research r e l a t i v e to achieving a 
greater understanding of the complexi t ies of 
human behavior so the dynamics of the recre
a t iona l experiences desired can be consider
ed by management. At the l e a s t , managers 
should have knowledge of the ex ten t , t im ing 
and patterns of v i s i t o r use. Beyond t h i s 
they need to have an understanding of v i s i 
t o r s ' percept ions , a t t i t udes and behaviors 
i f they are to be e f f e c t i v e managers. 
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i s going to require one or the other to be 
severely con t ro l led? 

Schmidly: The major problem the National 
Park Service faces in those r i p a r i a n habi
t a t s in Big Bend are trespass 1 ivestock- -not 
j u s t horses but also c a t t l e . They've t r i e d 
some th i ngs , none of which have been p o l i t i 
c a l l y acceptable, l i k e rounding up a l l the 
c a t t l e . But the wealthy Mexican landowners 
across the r i v e r , of course, d i d n ' t care fo r 
t h a t . I suspect tha t management w i l l have 
to do something about these trespass l i v e 
stock. 

Comment: You commented that fewer predators 
l i v e d in the campground at ARA than at the 
unused cont ro l s i t e . Did you ac tua l l y take 
a census of predators at the two s i tes? 

Schmidly: We were not i n a pos i t i on to 
undertake estimates of predator populations 
given our budget f o r the p ro jec t . So in our 
constant , everyday a c t i v i t i e s around the 
campground, we kept t rack of the number of 
predators observed as well as any sign of 
t h e i r presence. We had visual q u a n t i f i c a 
t i o n in that sense. We saw more r a t t l e 
snakes, f o r example, at the Long Point s i t e 
than we did at the campground. We never saw 
one the re . We saw r i n g - t a i l e d ca ts , coy
o tes , and foxes at the Long Point area, but 
none of these were seen at the campground. 
Admit tedly these are not accurate densi ty 
es t imates, but i t is the only way we can 
quant i f y our statement. 
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ABSTRACT—Wild!ife is increasingly threatened by growing numbers 
of backcountry recreationists and diminishing wildlands. Biologi
cal, sociological, managerial, and popular literature was reviewed 
to identify the extent of human impacts as well as possible solu
tions to them. 

Although intentional harassment does occur, the major impact re
sults from recreationists who innocently produce stressful situa
tions for wildlife. 

Possible solutions to the problem include: people management 
(spatial, temporal, and behavioral); wildlife management, in the 
sense of modifying wildlife behavioral responses to certain recre
ational activities; and habitat modification to affect the spatial 
distribution of wildlife. These approaches can be used individu
ally or in combination. 

INTRODUCTION 

The existence of some species of wild
life requiring remote country is being 
threatened. Wildlands are being consumed by 
development, logging, and mining. The num
ber of recreationists on the remaining wild-
lands is increasing at a rate that surpasses 
the population growth of the nation. The 
result is a greatly increased potential for 
the interaction of man and wildlife. This 
interaction is often detrimental to wild
life, and since the impact is difficult to 
document, severe or irreversible damage may 
occur before the problem is recognized. 

The problem is harassment of wildlife 
by recreationists. Harassment, as used 
here, refers to events which cause excite
ment and/or stress, disturbance of essential 
activities, severe exertion, displacement, 
and sometimes death. Well-fed, healthy ani
mals with ample refuges from disturbance, 
can withstand more harassment than wildlife 
already under stress from severe weather, 
malnutrition, parasite loads, birth or nest
ing, or inadequate security areas. Preda
tors can also produce stress, but predators 
and prey have evolved together and achieved 
a level of accommodation. 

Intentional harassment is vandalism. 

Enforced regulation and public (peer) pres
sure are the only means of controlling will
ful, destructive activities. 

Innocent or uninformed harassment by 
recreationists is common. It is what 
photographers, skiers, and bird watchers 
do—the "good guys". Nevertheless, this 
harassment may be critical if it occurs when 
animals are already under stress. 

Possible solutions to harassment in
clude people management, wildlife manage
ment, and habitat manipulation. Because of 
the complexity of factors in man/wildlife 
interactions, managers, using background in
formation, must formulate unique solutions 
to particular situations. 

PERTINENT PUBLICATIONS 

Published information concerning man-
wildlife interactions can be divided into 
three categories: popular, sociological and 
biological. The information cited here was 
chosen for its applicability to the inter
action problem. 
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Popular Art icles 

Popular a r t i c l e s include adventure 
s to r ies from sports magazines, which may 
provide i n s i g h t s , but cannot be considered 
a u t h o r i t a t i v e , and b io l og i ca l accounts in 
National W i l d l i f e , Audubon, and s im i la r pub
l i c a t i o n s . A r t i c l e s such as "Terns i n 
T r a f f i c " by M. Gochfeld in a 1978 issue of 
Natural H is to ry t e l l how beach users a f fec t 
co lon ia l nesting seabirds. Weeden (1976), 
i n an a r t i c l e e n t i t l e d "Nonconsumptive 
users: a myth", shows how nonhunting recre-
a t i o n i s t s harass various w i l d l i f e species. 
Popular a r t i c l e s l i k e "Bears and People" by 
Jonkel and Servheen (1977) advise recrea-
t i o n i s t s how to avoid bear con f ron ta t i ons . 
Popular a r t i c l e s can in f luence the behavior 
of people i n t e r a c t i n g wi th w i l d l i f e . 

Sociological Art ic les 

Considerable soc io log ica l l i t e r a t u r e 
deals wi th benef i ts w i l d l i f e can provide fo r 
man (Hendee and Pot ter 1971, Hendee and 
Schoenfeld 1973), and a number of papers 
suggest tha t social s c i e n t i s t s and b i o l o 
g i s t s together design studies on the i n t e r 
ac t i on of man and w i l d l i f e (Clark 1974, 
Hendee and Pot ter 1971, Hendee and Schoen
f e l d 1973). Schoenfeld and Hendee's Wi ld
l i f e Management i n Wilderness (1978), 
r e f l e c t s a change in a t t i t u d e of these au
thors—from what w i l d l i f e can do f o r man to 
what can be done to reduce man's e f fec ts on 
w i l d l i f e . 

Some soc io log ica l studies re la te d i 
r e c t l y to the problem of c o n t r o l l i n g forms 
of human behavior detr imental to w i l d l i f e . 
For example, methods of modifying human use 
of a geographical area have been described 
by wagar (1975), Trahan (1977), and Brown et 
a l . (1976). These methods vary from subt le 
suggestion to vo luntary compliance to en
forced regu la t i on . 

Con t ro l l i ng the a c t i v i t i e s o f people 
involves understanding a t t i t u d e s . Bart 
(1972), i n a paper r a t i ng people's a t t i t udes 
towards d i f f e r e n t animals, suggests tha t 
p o s i t i v e or negative a t t i t u d e s toward en
dangered species may determine whether man 
w i l l al low a species to surv ive . 

Stephen K e l l e r t (1976a,b; 1977a,b) was 
contracted by the Fish and W i l d l i f e Service 
of the U.S. Department of the I n t e r i o r , to 
study American a t t i t udes toward animals. 
Object ives were to understand mot ivat ions 

of people involved in an imal - re la ted a c t i v i 
t i e s , such as hunt ing , pet ownership and 
b i r d watching, and to determine the s o c i a l -
demographic d i s t r i b u t i o n of these a t t i t udes 
w i t h i n the popu la t ion . A t t i t udes were 
analyzed by fac to rs such as sex, race, 
educat ion, and geographic l o c a t i o n . Under
standing ce r t a i n negative or uninformed a t 
t i t udes about w i l d l i f e and the background of 
the people wi th these a t t i t udes provides 
p rac t i ca l in format ion necessary fo r reducing 
human impact on w i l d l i f e . Pol icy imp l ica
t i ons from these data are not yet ava i l a 
b l e . 

Biological Papers 

Behavior and l i f e h istor ies. Bio
l og i ca l papers deal ing d i r e c t l y wi th the 
e f f e c t of man on w i l d l i f e are a recent phe
nomena. Early pub l i ca t ions included only 
per ipheral in format ion on the e f f ec t of man 
on w i l d l i f e . Altmann (1956, 1958), Dennis-
ton (1956), and deVos (1958, 1960) presented 
considerable in fo rmat ion on the react ions of 
w i l d animals to human i n t r u d e r s , although 
t h i s was not t h e i r spec i f i c area of i n t e r 
es t . Wright et a l . (1933) promoted the con
cept of j o i n t occupancy of man and w i l d l i f e 
i n w i ld se t t ings in nat ional parks. The 
authors f e l t tha t w i l d l i f e should be encour
aged to l i v e in close contact wi th man by 
the exercise of r e s t r a i n t on man's pa r t , a 
p r i n c i p l e repeated by Welles and Welles 
(1961), Cowan (1971), Bergerud (1971), Geist 
(1970, 1975b), and Bart (1972). 

There are many reports on the impact of 
man on nesting b i r d s : osprey, eagles, con
dors , and co lon ia l nesting sea b i r d s . Nest
ing f a i l u r e is usual ly caused by bi rds being 
f r igh tened from nests by man. The so lu t i on 
i s to r e s t r i c t human access during nest ing. 

Add i t iona l concern has been expressed 
recen t l y about the impact of campsites and 
t r a i l s on song b i rds (Foin [ e d . ] 1977, Whit-
comb et a l . 1976), although t h i s impact is 
the resu l t of hab i ta t mod i f i ca t i on rather 
than harassment from d i r e c t i n t e r a c t i o n wi th 
man. Habi tat mod i f i ca t ion is also the p r i 
mary impact of man on i nsec t , amphibian, 
r e p t i l e , and small mammal populat ions. 

Harassment studies. Harassment 
studies have usual ly been observa t iona l , a l 
though radio te lemetry is a valuable tool 
f o r recording animal behavior i n r e l a t i o n to 
man-made d is turbances. In add i t i on to the 
use of te lemetry to determine locat ions and 
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movements of radioed animals, i t i s also 
possible to d i s t i ngu i sh feed ing, res t i ng or 
ruminat ion, and walking a c t i v i t y i n elk from 
signal modulation (Ward et a l . 1973). Re
cent ly Ward (1977) has used hear t - ra te t e 
lemetry to determine the reac t ion of b ig 
game to disturbance from veh ic les , recrea-
t i o n i s t s , l i v e s t o c k , and other species of 
w i l d l i f e . Telemetry al lows s c i e n t i s t s to 
measure alarm or harassment through i n 
creased heart rate of running animals and 
also in animals in which the f l i g h t reac t ion 
i s i n h i b i t e d . I t can also be used to e s t i 
mate energy expenditures and time required 
to recover from e x e r t i o n , and to f a c i l i t a t e 
t e s t i n g of methods to m i t i ga te fear and 
s t r ess . MacArthur addresses some of these 
p o s s i b i l i t i e s in a paper in press on hear t -
rate te lemetry in bighorn sheep. 

I n t e r p r e t a t i o n of hear t - ra te te lemetry 
data from ind iv idua l animals to herds, and 
from herd to herd in d i f f e r e n t geographic 
areas, must be made wi th extreme cau t ion . 
Other f a c t o r s , such as i nd i v idua l past ex
per ience, herd experience and cover a l l 
in f luence animal responses, and genera l iza
t i ons must be made very c a r e f u l l y . 

Geist (1970, 1971, 1972, 1975a, b and 
c) emphasizes the importance of phys io log i 
cal and psychological stresses on w i l d l i f e 
and how such stresses can compound the im
pacts of harassment. Ge is t ' s concept of 
hab i tua t ion (acceptance of man by w i l d l i f e ) 
is derived from personal experience gained 
from l i v i n g wi th w i l d l i f e and using behavior 
acceptable to the animals. He maintains 
tha t man and w i l d l i f e can co-ex is t i f man 
learns to behave in an appropr ia te ly harm
less fash ion , a l lowing animals to accept man 
as a harmless element of t h e i r environment. 

Studies of the e f fec ts of logging on 
elk (Un ive rs i t y of Idaho 1976), although not 
d i r e c t l y deal ing wi th r e c r e a t i o n , provide 
examples of extremes in elk behavior ranging 
from to lerance of roads, t r a f f i c and re la ted 
d i s tu rb ing events, to displacement of elk to 
other areas. These d i f fe rences are probably 
the resu l t of the amount of harassment elk 
have experienced in assoc ia t ion wi th roads, 
t r a f f i c , and logging in add i t i on to the ef
fec ts of other f ac to rs such as vegetat ion 
and physiography. 

Man-bear interact ion. Man-bear re 
la t i onsh ips dominate the man-w i ld l i f e l i t e r 
ature because of dramatic appeal and the 
danger p o t e n t i a l . Controversies over bear 

management in parks have been raging fo r 
years (G i lbe r t 1976); however, some recom
mendations r e l a t i n g to man-bear r e l a t i o n 
ships have emerged on which bear b i o l o g i s t s 
bas i ca l l y agree (Jonkel 1977a, b, 1978; 
Jonkel and Servheen 1977; Cole 1974; Stuart 
1977, 1978; Herrero 1970a and b; and Chester 
1976): 

1 . El iminate garbage. 
2. Cook and hang food away from camping 

areas. 
3. Avoid su rp r i s ing bears by making 

noise in areas of low v i s i b i l i t y . Be 
espec ia l l y carefu l when walking in to 
the wind and where there is noise 
from running water or wind. 

4 . Do not l i nge r in areas obviously be-
i ng used by bears. 

5. Do not put g r i z z l i e s in a pos i t i on 
where they feel threatened. 

Some b i o l o g i s t s and managers feel tha t 
outs ide of parks, l i m i t e d hunting of g r i z 
z l i e s increases the respectfulness of bears 
f o r man and at the same t ime s e l e c t i v e l y 
removes bears which are less a f r a i d of 
humans. 

National park v is i tor - w i l d l i f e 
interact ion papers. Many recent studies 
i n nat ional parks deal wi th the responses of 
w i l d l i f e to humans: mountain goats in Gla
c i e r National Park (Bansner 1976 and Singer 
1975); e lk i n Rocky Mountain National Park 
(Shul tz and Bai ley 1978); wolves in Mount 
Mckinley National Park (Chapman 1977); w i l d 
l i f e in Yellowstone and Mount Mckinley, re
spec t i ve ly (Chester 1976 and Tracy 1977); 
and caribou in Jasper National Park (S te l fox 
and Bindernagel 1978). 

These authors repor t acceptance of hu
mans by w i l d l i f e in s i t ua t i ons where harass
ment i s minimal. Although the degree of 
acceptance va r i es , c e r t a i n spec ies-spec i f i c 
behavior is apparent. 

F l i g h t distances from man vary by spe
c ies but are f u r t he r inf luenced by distance 
to escape cover, and the age, sex, and num
ber of animals. Animals wi th young are less 
t o l e r a n t of disturbance than groups of ma
tu re animals. The presence of man at key 
l oca t i ons - -wo l f dens, desert bighorn water-
ho les , snowfields used by caribou to escape 
heat and i nsec ts , ungulate migrat ion routes , 
and sa l t l icks- -may be c r i t i c a l to w i l d l i f e 
s u r v i v a l . To avoid c o n f l i c t , land managers 
may provide add i t iona l p ro tec t ion fo r 
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animals with young, and protection of key 
areas by road or trail design, campsite lo
cation, seasonal closure of areas, and in
formation to visitors. 

Impact of man on bighorn sheep. 
Many authors suggest that human encroachment 
on bighorn sheep habitat has contributed to 
a decline in sheep populations (Dunaway 
1970, 1971a, 1971b; DeForge 1972, 1976; 
Dixon 1936, Nelson 1966, Tevis 1959, Wilson 
1969, Welles and Welles 1961, Woodward et 
al. 1974). On the basis of Dunaway1 s pro
posal (1971a), zoological areas were estab
lished to protect the ranges of two sheep 
herds in the Inyo National Forest, Califor
nia. Subsequent research (Elder 1977, Hicks 
1977) suggested that human disturbance was 
not as significant as supposed; and manage
ment policies for recreationists are now 
being relaxed, although bighorn management 
is still a high priority (Wehausen et al. 
1977). The authors emphasize that jeopard
ized wildlife populations necessitate prompt 
conservation measures—measures that can be 
modified later if considered unnecessary. 

Theses. Various unpublished theses 
on a wide range of wildlife (birds through 
big game) contain specific reference to the 
effects of human disturbance and suggestions 
for management. For many wildlife species, 
theses are the only source of information on 
the effects of human disturbance. 

APPROACHES TO PROBLEM SOLUTION 

Solut ions to man /w i l d l i f e c o n f l i c t s i n 
c lude: people management, w i l d l i f e manage
ment, and/or hab i ta t mod i f i ca t i on . 

People management 

The people management approach must be
gin wi th an estimate of the r e c r e a t i o n i s t s ' 
understanding of w i l d l i f e b io logy . Stankey 
(1976) researched the a t t i t udes and know
ledge of wilderness users toward f i r e sup
pression i n the wi lderness. He found tha t 
the more people knew about the natural ro le 
of f i r e , the more l i k e l y t h e i r support f o r a 
natural ro le of f i r e . The po l icy imp l ica
t i ons of Stankey's study include the need 
f o r publ ic education and involvement, cou
pled wi th gradual changes in f i r e po l i c y . 

A s im i l a r course could be charted fo r 
w i ld l i fe -harassment education—an assessment 
of the level of w i l d l i f e knowledge of the 
r e c r e a t i o n i s t s , fo l lowed by an education 

program aimed at improving the w i l d l i f e -
r e c r e a t i o n i s t r e l a t i o n s h i p . The program 
could be implemented through schools, c lubs , 
the media, and in nat ional parks and w i lder 
ness areas that requi re permits. W i l d l i f e 
f i l m s f o r educating school ch i l d ren and 
groups on the e f fec ts of recreat iona l ac t i v 
i t i e s would be use fu l . Tra in ing t r i p s could 
be g iven. Agency people and o u t f i t t e r s 
could be required to take courses in w i l d 
l i f e b io logy tha t emphasize recreat iona l 
impact. I t should not be considered un
reasonable that f u tu re users be required 
to qua l i f y f o r the r i g h t of back-country 
wi lderness use. Wagar, i n a 1940 a r t i c l e 
e n t i t l e d " C e r t i f i e d Outdoorsmen", suggests 
t h i s to a l l e v i a t e the environmental damage 
caused by novice outdoorsmen. 

Harassment can be reduced i f the recre-
a t i o n i s t understands the impact of his ac
t i v i t y and is o f fered an a l t e r n a t i v e , one 
tha t s a t i s f i e s his needs without causing 
stress to w i l d l i f e , (Hendee and Burge 1974). 
In format ion disseminat ion at access points 
can be e f f e c t i v e . I t should be presented in 
a pos i t i ve context and promote separat ion of 
people from areas i n tens i ve l y used by w i l d 
l i f e . Trahan (1977) provides examples of 
success in a l t e r i n g use patterns by the pos
i t i v e wording of s igns. Regulations can 
then be changed dur ing the year as w i l d l i f e 
use patterns change or c r i t i c a l periods 
pass. 

In the winter and spring cross-country 
sk ie rs can be d i rec ted to high country where 
snow is good and there are not many ungu
l a t e s . Ski ing on win ter range during the 
spr ing may cause stress during a time when 
animals may be in a c r i t i c a l cond i t i on , and 
i n any case the snow condi t ions fo r sk i ing 
may be marg ina l . 

An example of a lack of c o n f l i c t be
tween rec rea t ion and w i l d l i f e is boating on 
the Salmon River. The major recreat iona l 
season is Ju ly and August, when bighorn 
sheep, e l k , and deer occupy the high coun
t r y . Big game winter at low e levat ions near 
the r i v e r when there is v i r t u a l l y no recrea
t i o n a l use. General ly , however, natural 
separat ions do not occur. Land managers 
w i th whom I have communicated attempt to 
keep v i s i t o r s out of ca lv ing or lambing 
areas fo r the period that those areas are 
being used by animals. Later when w i l d l i f e 
have moved to higher count ry , the b i r t h i n g 
areas may be used fo r rec rea t i on . In water
fowl re fuges, canoeing, t ramping, and dog 
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t r a i n i n g may be r e s t r i c t e d during the nest
ing season, but the area may be open f o r 
most kinds of recrea t ion the rest of the 
year . Recreational use of areas near miner
al l i c k s during times of b ig game use could 
be avoided by prov id ing a l te rna te t rave l 
routes or p r o h i b i t i n g camping. 

Less d i r e c t methods of r e s t r i c t i n g rec
reat iona l a c t i v i t i e s i n wi lderness include 
the absence of b r i d g e s - - l i k e l y to keep peo
ple out u n t i l high water (and, i n c i d e n t l y , 
ca lv ing) has passed; the te rmina t ion of f i s h 
stocking of ce r t a i n alpine- l a k e s - - ! i k e l y to 
e l im inate r ec rea t i on i s t s whose high p r i o r i t y 
i s f i s h i n g ; t r a i l - s y s t e m management aimed at 
lessening w i l d l i f e d i s r u p t i o n , e i t he r by the 
p rov is ion of a l t e r n a t i v e t r a i l s or by i n 
t e n t i o n a l l y leav ing some areas t r a i l l e s s . 
However, i f these methods f a i l , enforced 
regu la t ions are needed. 

W i l d l i f e management 

Another approach to the harassment 
problem is the mod i f i ca t i on of w i l d l i f e be
hav ior . Learning by w i ld animals must not 
be underestimated. Animals can learn to ac
cept p red ic tab le types of disturbance i f 
these events are harmless and do not i n f l i c t 
stress (Geist 1975b, c ) . Habi tuat ion i s 
possib le wi th c e r t a i n animals in nat ional 
parks, refuges, and other locat ions v/here 
w i l d l i f e l i v e w i t h i n s i g h t , sound, and smell 
of highways. In some instances, deer and 
elk graze along i n t e r s t a t e highways, becom
ing alarmed only when vehic les stop and 
people emerge. On I s l e Royale, wolves have 
learned to accept the l o w - f l y i n g a i r c r a f t of 
researchers, but i n areas where wolves are 
hunted from a i r c r a f t , they are condi t ioned 
to seek cover at the sound of approaching 
a i r c r a f t (Mech 1966). 

Hunting i s not permit ted in nat ional 
parks. With the e l i m i n a t i o n o f hunt ing 
pressure, the hab i tua t ion of w i l d l i f e to 
man's a c t i v i t i e s i s not iceably increased. 
S t i l l , t h i s hab i tua t ion requires the cooper
a t i on of v i s i t o r s . Cer ta in w i l d l i f e species 
may prove to be i n t o l e r a n t of c e r t a i n forms 
of human behavior, perhaps at key l o c a t i o n s , 
or times of year , and r e s t r i c t i o n s of those 
a c t i v i t i e s may be necessary. Other a c t i v i 
t i e s , such as d i r e c t approach or eye contact 
(as in photography), may be un i ve rsa l l y d i s 
t u rb i ng to w i l d l i f e , and t h i s could be ex
pla ined as part of the admission process in 
parks. The Welles' (1961) bighorn sheep 
study i n Death Val ley provided a c lass ic 

example of the hab i tua t ion of w i ld animals 
as a resu l t of man's behaving in a fashion 
acceptable to w i l d l i f e . This study required 
cor rec t e t i que t te in a l l sheep/man i n t e r 
ac t i ons , not j u s t the researchers ' . Welles 
and Welles also i l l u s t r a t e d the importance 
of the behavior of i nd iv idua l animals--a 
product of past experience--! 'n determining 
the responses of a band of sheep. 

In areas outside nat ional parks, a l l e 
v i a t i n g w i l d l i f e harassment is considerably 
more d i f f i c u l t . P o s s i b i l i t i e s f o r c o n t r o l l 
ing man's behavior are reduced wi th mu l t i p l e 
access points and the absence of v i s i t o r 
r e g u l a t i o n . In a d d i t i o n , animals outs ide 
parks usual ly are subject to hunting pres
sure, a s i g n i f i c a n t learn ing experience 
assoc ia t ing man wi th fear and s t ress . Where 
hab i ta t is adequate, negative hab i tua t ion 
may be the best treatment fo r vulnerable or 
aggressive species. I t i s u n r e a l i s t i c to 
expect human behavioral cont ro l or the ha
b i t u a t i o n of w i l d l i f e in nat ional fo res ts 
and other areas outs ide the nat ional parks. 
In those instances, the reduct ion of w i l d 
l i f e harassment requires hard - l i ne enforce
ment o f regu la t ions d i r e c t i n g humans away 
from areas of in tens ive w i l d l i f e use, so as 
to provide necessary secur i t y areas. 

Stock and dogs accompanying rec rea t ion 
i s t s have po ten t ia l impacts on w i l d l i f e . 
Elk tend to avoid grazing with c a t t l e and 
sheep (A l len 1973, Kruse 1972, McCullough 
1969, Skovl in et a l . 1968), although t h i s is 
not a hard-and-fast r u l e . Pack and saddle 
stock may i n h i b i t w i ld ungulate use of mead
ows, consume feed (most important on winter 
ranges) and introduce exot ic species of 
vegeta t ion . L im i t i ng stock use, choice of 
appropr iate campsites, cont ro l of stock 
movement, and supplemental feeding of pe l 
l e t s can help in c o n t r o l l i n g t h i s impact. 

Dogs can be damaging to ground nesting 
b i r d s , young ungulates, and ungulates on 
w in te r range (Nei l et a l . 1975). To prevent 
w i l d l i f e harassment, dogs must be under con
t r o l at a l l t imes. Dogs can have pos i t i ve 
e f f ec t s i n backcountry s i t u a t i o n s , t oo : 
they provide companionship, increase man's 
percept ion of the natural environment 
through t h e i r react ions to sounds and 
smel ls , and may be used as work animals in 
t e r r a i n inaccess ib le to horses. They may 
also serve as mobile "ear l y warning system" 
or occupy an aggressive bear whi le the owner 
re t rea ts or takes counteract ion (Jonkel 
pers. comm.). 
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Smith and Geist (1956) provide examples 
of how w i l d l i f e behavior can be manipulated 
to enhance s u r v i v a l . A prime example of 
cond i t i on ing cap t i ve - ra ised species is the 
feeding response of hatchery-reared t r o u t . 
These f i s h respond to surface splash d i s 
turbances by feed ing, an adaptive response 
in a hatchery s i t u a t i o n , but a le tha l re
sponse a f te r release in to the real world of 
f ishermen and predators. Smith and Geis 
(1956) describe how Bingham, Adelman, and 
Maatsch recognized t h i s as a behavioral 
problem and formulated a t r a i n i n g program 
tha t a l te red feeding methods and used elec
t r i c shock to cond i t i on f i s h to avoid a 
surface splash. The resu l t s of t h e i r exper
iment showed tha t t ra ined t r ou t were caught 
caught in approximately the same proport ions 
as nat ive t r o u t , whi le large numbers of un
t ra i ned f i s h were caught the f i r s t few days 
a f t e r re lease. 

Smith and Geist (1956) suggest tha t 
cond i t i on ing of game-farm birds to seek nat
ural foods and avoid predators would improve 
t h e i r surv iva l upon re lease, as well as pro
vide a higher q u a l i t y hunt. They emphasize 
tha t although i t is d i f f i c u l t to image con
d i t i o n i n g a w i ld popu la t ion , i t has, i n 
f a c t , happened. They use the example of the 
increasing d i f f i c u l t y of shooting b i rds as 
hunting season progresses and b i rds become 
educated. 

We can a l l draw examples o f animal 
learn ing from our own personal experience. 
Bald eagles and g r i z z l i e s concentrat ing 
along McDonald Creek i n Glacier National 
Park each year f o r the salmon run ; use of 
t r a d i t i o n a l s t r u t t i n g and dancing grounds by 
grouse; discont inued use of h igh ly des i rab le 
hab i ta t because of d is turbance; are a l l ex
amples of cond i t i on ing . I f b i o l o g i s t s and 
managers could channel some o r i g i n a l t h i n k 
ing in to animal learn ing pa t te rns , innova
t i v e , e f f e c t i v e programs might be developed. 

Bergerud (1971) suggests the p o s s i b i l 
i t y of modifying caribou behavior through 
genetic se l ec t i on . In populat ions not sub
j e c t to natural p reda t ion , he suggests har
vest ing unwary animals i f animals d i f f i c u l t 
to hunt are des i red , and harvest ing wary 
animals i f the desired resu l t is a caribou 
populat ion fo r publ ic v iewing. 

Habitat modification 

F i n a l l y , hab i ta t mod i f i ca t i on can be 

used to manipulate the d i s t r i b u t i o n of w i l d 
l i f e in r e l a t i o n to man. By prov id ing a t 
t r a c t i v e hab i ta t adjacent to areas of human 
a c t i v i t y and a l lowing animals to use the 
area unmolested, hab i tua t ion could occur. 
This is already the case in select mountain
ous loca t ions close to human hab i t a t i on 
where ungulates seek new grass in the 
spr i ng. 

Geist et a l . (1974) suggest using fe r 
t i l i z e r s to increase vegetat ion p a l a t a b i l i t y 
and a t t r a c t elk and deer to special publ ic 
viewing areas. Conversely, f e r t i l i z e r s or 
prescr ibed f i r e might be used to draw elk to 
areas away from poten t ia l sources of harass
ment. Logging can be conducted in a manner 
bene f i c ia l or detr imental to elk and deer 
r e s u l t i n g in a t t r a c t i n g animals or causing 
them to abandon areas by reducing escape 
cover and prov id ing in terconnect ing road 
systems tha t f a c i l i t a t e hunting (U. of Idaho 
1976). Road closures can reduce harassment 
year-around and espec ia l l y dur ing hunting 
season, a l lowing elk to remain in areas they 
would otherwise leave. 

Harassment has purposely been used to 
d r i ve animals from haystacks to s tate game 
ranges where they winter unmolested, without 
l i ves tock compet i t ion . 

F i n a l l y , regardless o f the emphasis 
placed on academic t r a i n i n g , there is no 
subs t i t u t e f o r on-the-ground i n t u i t i v e rea
soning when reso lv ing man-w i ld l i f e con
f l i c t s . The knowledge of a percept ive land 
manager who has l i ved in an area a number of 
yea rs , has a sound b io log i ca l background, 
and f a m i l i a r i t y w i th local recreat iona l pat
t e r n s , is o f ten inva luab le , espec ia l l y when 
used in con junct ion wi th the concepts pre
sented above. The problems presented here 
provide s t imu l i f o r needed research and a 
chal lenge to land managers. 

CONCLUSION 

There are no s imple, standard so lu t ions 
to man-w i ld l i f e c o n f l i c t s . In add i t ion to 
working with people, w i l d l i f e , and h a b i t a t , 
the land manager must know the goals of the 
backcountry r e c r e a t i o n i s t as wel l as his a t 
t i t u d e toward and knowledge of w i l d l i f e . 
The land manager needs a fundamental know
ledge of the b io logy of local species of 
w i l d l i f e . He needs to know when and where 
the c r i t i c a l periods fo r ind iv idua l species 
occur. Do r e c r e a t i o n i s t s cause add i t iona l 
stress? Are w i l d l i f e denied important habi-
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t a t because of recreat iona l use of these 
lands? Can the s i t u a t i o n be improved fo r 
w i l d l i f e without denying the r e c r e a t i o n i s t ' s 
goals? Solut ions fo r man /w i l d l i f e c o n f l i c t s 
must be reached through cons idera t ion of the 
b io log i ca l requirements of w i l d l i f e , recrea-
t i o n i s t s ' goals , management ob jec t ives of 
each p a r t i c u l a r area, and an e f f e c t i v e meth
od of enforcement, should voluntary compl i 
ance f a i l . 
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DISCUSSION 

Comment: We have a curious s i t u a t i o n in 
Washington, and i t might have some p a r a l l e l s 
i n Montana. I wonder i f you have discovered 
any problems r e l a t i v e to f l o a t i n g of the 
r i v e r s , and c o n f l i c t w i th w i l d l i f e . In 
Washington, we have a problem wi th bald 
eagles. They concentrate along the r i v e r 
and are f r igh tened away by boaters. 

Ream: I'm sure tha t Ri ley McClel land, who 
i s working on bald eagles in Glacier Nat ion
al Park, would be opposed to recreat iona l 
boating in Glac ier when eagles are congre
gated fo r the salmon run. There's also a 
thes is on har lequin ducks (Kuchel 1977) 
which suggests tha t rec rea t ion along streams 
i n Glacier might have an impact on nesting 
har lequin ducks. As f o r great blue herons, 
I have an i n t e r e s t i n g story to r e l a t e . 
Great blue herons a ren ' t an endangered spe
c i e s , but t h i s is an example. There is a 
c o a l i t i o n to keep the Flathead River in Mon
tana from being dammed. A conference was 
held in May t h i s year . As part of t h i s 
conference 120 or 200 people f l oa ted the 
Flathead River . Two heron rooker ies were 
deserted, apparent ly as a resu l t of t h i s 

a c t i v i t y . These were good guys, they were 
t r y i n g to save the Flathead, and heron 
a ren ' t endangered, but they had s tar ted 
nes t ing , and they moved. This has also been 
documented in the case of a researcher 
c l imbing in to heron nests and counting eggs. 
As a r e s u l t , the whole rookery moved and 
establ ished i t s e l f i n Nine Pipes Refuge. 
Birds l i k e Canadian geese and mergansers are 
r e a l l y harassed on narrow r i ve r s where there 
i s n ' t a place fo r them to get out of the 
way. When one boat a f t e r another comes they 
are pushed. I don ' t know what the so lu t i on 
w i l l be to t h i s , unless l i t t l e refuge side 
channels could be created. 

Comment: Were you deal ing wi th game spe
cies? 

Ream: No, bu t ' s tha t where most of the l i t 
era ture i s . I d id have an i n t e r e s t i n g com
ment from someone in Canada, who said he had 
an endemic species of b u t t e r f l y that occured 
only in l i t t l e pockets, and that they would 
consider t h i s i n the placement of camp
grounds, because a campground in the wrong 
place could wipe out a populat ion of these 
b u t t e r f l i e s . 

By the way, big game species tend to be 
more a f fec ted by d i r e c t i n t e r a c t i o n , whereas 
rodents, b i r d s , amphibians, r e p t i l e s and i n 
sects are a f fec ted more by i n d i r e c t impacts 
such as the mod i f i ca t i on of the s t ruc tu re of 
the vegeta t ion . 

Comment: I t h ink that your ideas about ha
rassment would apply more to large species. 

Ream: Mobile species, yes. 

Comment: Did you f i n d any studies on the 
prevalence of bear attacks i n the areas 
where bears are not hunted, l i k e Glacier 
National Park or other national parks? 

Ream: No, but i n t a l k i n g wi th land man
agers, I ' ve learned d e f i n i t e l y t h e i r opinion 
tha t i n areas where bears are hunted, t h e i r 
respect fu lness of man is g rea t l y increased. 

Geis t : I ' d l i k e to make a comment about the 
pos i t i ve aspects of hunt ing. Where you do 
have a chance to l i m i t impact, where the re ' s 
no hunt ing , you can a f fo rd to habituate an i 
mals. I know i n wilderness the thought of 
taming animals purposely is ra ther h o r r i f y 
i n g , but i t may have to be done. 

The second th ing is that there is some-



t h ing I would j u s t l i k e to throw ou t , and 
tha t is the mul t i -use a c t i v i t i e s concept. I 
th ink hunting is f i ne and dandy. I happen 
to be a concerned hunter, as are others 
present here. The important th ing is tha t 
i n some areas where hunting can and ought to 
be maintained, h ik ing ought not to be main
t a i ned . In short what I am suggesting is 
that we should look much more at the s ing le 
use; I don ' t buy t h i s business tha t m u l t i -
use is the panacea tha t i t is o f ten suggest
ed to be. I would suggest tha t hunting and 
h ik ing are not compat ib le, and tha t hunting 
is a pe r fec t l y l eg i t ima te concern tha t ought 
to be mainta ined, i f not increased. Even in 
the nat ional parks. 

Ream: However, I'm sure tha t w e ' l l be very 
much outvoted, by New Yorkers and many 
others east of the M i s s i s s i p p i . 

Ooufjlas-fir 
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ABSTRACT--Coyote (Cam's la t rans) m o r t a l i t y was measured in Grand 
Teton National Park, an environment assumed to be minimal ly i n f l u 
enced by man. The va l ley f l o o r of Grand Teton National Park is 
approximately 25,600 ha inc lud ing 2,400 ha of non-federal inho ld -
ings . S i x t y -e igh t coyotes, 34 males and 34 females, approximately 
4 months of age or o lde r , were co l la red wi th rad io te lemet r i c 
t r ansmi t t e rs in 1974, 1975 and 1976. The mul t ip le -use t ransmi t 
t e r s revealed geographic l oca t i on of the coyotes and served as 
m o r t a l i t y i n d i c a t o r s . Over the 3 year per iod , 32 (47%) of the 
co l l a red coyotes were recovered dead. Man was responsible fo r 29 
(91%) of these deaths: 25 coyotes were gunshot, 1 was clubbed, 
one was t rapped, and 2 were r o a d k i l l e d . Seven (28%) of the man-
caused m o r t a l i t i e s were recovered w i t h i n park boundaries. Five of 
these coyotes were k i l l e d by gunshot (3 i n the park and 2 on non
federal inhold ings) and two coyotes were r o a d k i l l e d . Man was the 
p r i nc i pa l m o r t a l i t y agent, both w i t h i n and outside park bounda
r i e s , w i th the i n t e n s i t y of m o r t a l i t y d i f f e r i n g between years . 

INTRODUCTION 

Historically, management of large car
nivores in North America has been oriented 
toward removal of animals or species whose 
presence appeared to jeopardize human inter
ests or safety, or toward exploitation for 
economic or sporting interests. Currently, 
these same species are in demand for aes
thetic and ecologic values. Detailed bio
logical information about these species will 
provide resource managers with better means 
for resolving management conflicts arising 
from various and, frequently, opposing man
agement goals. 

The purpose of this study was to evalu
ate and describe coyote (Cam's latrans) 
mortality in Grand Teton National Park, an 
environment assumed to be minimally influ
enced by man. 

STUDY AREA 

The study area is 25,600 ha of the v a l 
ley f l o o r of Grand Teton National Park, 
he rea f te r , re fe r red to as the park. This 
area includes 2,400 ha of p r i va te inho ld 
ings . The va l ley f l o o r is a f l a t , g lac ia l 
outwash p l a i n . Glaciated r idges , terraces 
border ing the Snake River , potholes formed 
from mel t ing g l ac i a l ice b locks , a l l u v i a l 
f ans , and braided stream bottoms con t r ibu te 
to the topography (Love and Reed 1968). 

The c l imate is character ized by long , 
co ld winters and shor t , cool summers. The 
area receives a mean annual snowfall of 327 
cm and is usual ly snow covered from November 
to A p r i l . There is an increasing gradient 
of accumulated snow from the southeast to 
the northwest. Maximum accumulated snow 
depths at Moose, near the center of the 
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study area, range from 84 to 178 cm (Dirks 
1974). 

METHOD 

Coyotes were captured w i t h i n the park 
dur ing the periods 14 May to 6 June and 6 to 
19 September 1974, 4 to 24 September 1975, 
and 21 August to 4 September 1975. Steel 
t raps equipped wi th t r a n q u i l i z e r tabs (Bal -
ser 1965) were used to capture the coyotes. 
Each t r a n q u i l i z e r tab contained 500 mg of 
Tranvet. Young-of-the-year were re fe r red to 
to as pups; others were classed as adu l t s . 
Ages were assigned by cementum annuli deter
minat ion (L inhar t and Knowlton 1967). 

Each coyote was co l l a red wi th a m u l t i 
ple-use t ransmi t t e r (Kolz et a l . 1973). The 
t ransmi t t e r f a c i l i t a t e d re loca t i on and pro
vided m o r t a l i t y de tec t i on . Ind iv idua l coy
ote t ransmi t te rs were i d e n t i f i a b l e through 
combinations of operat ing frequencies and 
pulse ra tes . Upon detec t ion of a m o r t a l i t y 
s i g n a l , a search was made fo r the coyote. 
F ie ld necropsies were genera l ly adequate to 
determine the immediate cause of death. The 
t ime, l o c a t i o n , and probable cause of death 
were recorded at the time of recovery. 

RESULTS 

Over the 3 year period, 68 coyotes (34 
males and 34 females) 4 months of age or 
older, were collared with mortality style 
transmitter. The composite sample was 30 
pups (44%) and 38 adults (56%) (Table 1). 

Recovered dead were 32 coyotes (47%). 
The proportion recovered from each marking 
sample varied from 0.39 to 0.55. A trend 
may exist between the proportion of coyotes 
recovered from each marking period and time 
(months) elapsed from marking to study ter
mination (Table 2). From November to April, 
78% of the mortalities occurred. The per
centage of mortalities recovered per calen
dar year (1977 was represented by 5 months) 
varied from 9 to 44%. Thirty-one percent of 
the mortalities were recovered in January 
(Table 3). Seventy-two percent of the mor
talities were recovered outside the park 
perimeter, compared with 28% recovered with
in the park perimeter (Table 4 ) . Man was 
responsible for 29 mortalities (91%). The 
percentage that were killed from gunshot 
varied from 100% for male pups (N=4) to 50% 
for adult females (N=6) (Table 5). Seven of 
the man-caused mortalities (22%) were re
covered within the park perimeter. Five of 
these were shot, two on non-federal inhold-
ings (Table 6 ) . 

DISCUSSION 

The extent, cause, and timing of mor
tality have been reported for several other 
coyote populations manipulated by man to 
varying degrees. Murie (1940) and Krefting 
(1969) reported cause of coyote mortality in 
Yellowstone and Isle Royale National Parks, 
respectively. Murie (1940) tentatively at
tributed all known coyote deaths (27 during 
the period 1936 to 1939) in Yellowstone to 
natural causes: starvation and disease. 

Table 1. Distribution of radio-collared coyotes by sex, age and period 
marked 

Period 
month 

May 
Sep 
Sep 
Aug 
Total 

May 
Sep 
Sep 
Aug 
Total 

marked 
year 

1974 
1974 
1975 
1976 

1974 
1974 
1975 
1976 

0 

2 
3 
7 

12 

5 
4 
9 

18 

1 

2 
2 
1 
1 
6 

3 
2 

5 

2 

3 

1 
2 
6 

1 
2 

3 

Age (yr) 
3 

MALES 

1 

1 
2 

) 
4 

2 

2 

FEMALES 

1 

1 

1 
1 

2 

5 

1 
2 

1 
4 

1 

1 
2 

6 

1 
1 

2 

1 
1 

7 

2 

2 

Total 

9 
7 
6 
12 
34 

5 
11 
7 

11 
34 

165 



Table 2. Radio-collared coyotes recovered and the time elapsed from 
marking to study termination 

Table 3. Time distribution of radio-collared coyote mortalities 

Table 4. Coyote mortalities by location of recovery and relative 
age and sex 

June to subsequent May. 
2 
From marking to study termination. 

Period 
month 

May 
Sep 

Sep 
Aug 
Total 

marked 
year 

1974 
1974 
1975 
1976 

Time 
fmo) 

37 
33 
21 
9 

Rec 
1974-75 

3 
7 

10 

overy perio< 
1975-76 

2 
2 

4 

i2 

1976-77 

2 
1 
6 
9 
18 

Reco' 
(N) 

7 
10 
6 
9 
32 

eered 
% 

50 
55 
46 
39 
47 

Year 

1974 

1975 

1976 

1977 

Total 

J 

2 

1 

7 

10 

F 

2 

1 

4 

7 

M 

2 

1 

3 

A 

1 

1 

2 

M 

1 

1 

Mon; 
J 

0 

th 
J 

2 

2 

A 

0 

s 

1 

1 

2 

0 

2 

2 

N 

2 

2 

D 

1 

1 

Total 

3 

9 

6 

14 

32 

% 

9 

28 

19 

44 

100 
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Sex 

Male 

Male 

Female 

Female 

Total 

Age 

Pup 

Adult 

Pup 

Adult 

in park 

3 

2 

5 

Location 
in holding 

1 

3 

4 

out park 

4 

6 

12 

1 

23 

Total 

4 

9 

13 

6 

32 



Table 5. Mortality agents of radio-collared coyotes 

Table 6. Coyote recoveries by mortality agents and recovery locations 

Recovery 
location 

In park 

In holding 

Out park 

Total 

shot 

2 

3 

21 

26 

Huma-

trap 

1 

1 

n-induc! 

club 

1 

1 

ed 

vehicle 

2 

2 

Starve 

1 

1 

Unknown 

1 

Total 

5 

4 

23 

32 

Curlew Val ley as t r ide the Utah-Idaho border 
dur ing the period 1966 to 1970. Knudsen 
(1976) used radio t ransmi t te rs as a marking 
technique in the Curlew Val ley and recovered 
48 radio-marked coyotes (52%)" i n 1972 and 19 
(58%) in 1973. Moderate to intense coyote 
e x p l o i t a t i o n pract ices were in e f fec t i n the 
Curlew Va l l ey . Man was d i r e c t l y responsible 
f o r 96, 97, and 98% of the marked coyote 
m o r t a l i t i e s recovered by Hawthorne (1971), 
Clark (1972) and Knudsen (1976), respect ive
l y . 

The percentage of man-caused m o r t a l i 
t i e s recovered in our study in Grand Teton 
nat ional Park, 91%, is comparable to mor ta l 
i t y i n exp lo i ted populat ions. However, man-
caused m o r t a l i t i e s recovered w i t h i n the 
park, 22%, is less than man-caused m o r t a l i 
t i e s recovered outside the park, 78%. 

The study area is not l e g a l l y c l a s s i 
f i e d as wi lderness; hov/ever, the fauna, 
i nc lud ing coyotes, of national parks are l e 
g a l l y protected from hunting and t rapp ing . 
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Sex 

Male 

Male 

Female 

Female 

Total 

Age 

Pup 

Adult 

Pup 

Adult 

shot 

4 

7 

11 

3 

25 

Human-
trap 

] 

1 

-induce 
club 

1 

1 

d 
vehicle 

1 

1 

2 

Starvation 

1 

1 

Unknown 

2 

2 

Total 

4 

9 

13 

6 

32 

Krefting (1969:30) noted that the decline of 
the coyote population on Isle Royale 
coincided with the introduction of the tim
ber wolf. He speculated: "A reduced food 
supply and direct killing by wolves are the 
factors that probably contributed most to 
the coyote's disappearance. A combination 
of these and other factors including the 
fact that it was an island situation probab
ly was necessary to cause extinction." In 
Yellowstone and Isle Royale National Parks, 
man was not directly responsible for any of 
the coyote mortalities noted. 

Clark (1972), Hawthorne (1971) and 
Knudsen (1976) described coyote mortality 
patterns of populations that were exploited 
by man. The basis of most coyote mortality 
studies has been the recovery of tagged 
coyotes. Hawthorne (1971) recovered 23 ear-
tagged coyotes (23%) in northeastern Cali
fornia during the period 1966 to 1969. 
Light to moderate coyote exploitation prac
tices were assumed in effect. Clark (1972) 
recovered 51 ear-tagged coyotes (30%) in the 



Schoenfeld and Hendee (1978:77) state, 
"Scientists particularly tend to view the 
ultimate worth of Wilderness [legally class
ified] as residing in the scientific value 
of the undisturbed, and they know hunting 
can mar the usefulness of wild areas for 
certain kinds of ecological research. From 
their perspective it is fortunate that 
national park wilderness is immune to the 
gun." 

The interaction of coyote biology, the 
juxtaposition of land stewardship patterns 
and the varied human perceptions of coyotes 
had effects on the park coyote population 
mortality pattern. Coyotes marked in the 
park that subsequently became nonresidents 
(temporary or permanent) of the park had 
mortality patterns similar to other coyotes 
exploited by man. 
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DISCUSSION 

Comment: How do you age coyotes? 

Tzilkowski: We extracted a lower first pre
molar, decalcify it, and counted the cemen-
tum annuli, tooth density "rings" in the 
cross-section. 

Comment: How much mortality occurred as a 
result of your study? 

Tzilkowski: One coyote may have died as a 
direct result of our work. 
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ABSTRACT—Wild!ife managers need to understand the effects of har
assment on survival, growth, behavior, and reproductive success of 
wild animals. Harassment may be defined as any activity which 
increases the physiological cost of survival or decreases repro
duction. 

Roads have become a subject of controversy with respect to many 
aspects of land management. Roads affect elk by directly removing 
habitat from production and indirectly by producing vehicle dis
turbance. A single lane road 6.7 m wide removes 1.1 ha per mile 
from elk production. A double lane road 10.36 m wide removes 1.7 
ha per mile from elk production. 

Elk were documented to move 250 m to 4 km from logging and road 
construction. Elk use out to 804.6 m declined 154 percent for 
main roads, 108 percent for secondary roads, and 33 percent for 
primitive roads. Using 250 m as the zone adjacent to roads avoid
ed by elk, 80.6 ha of habitat is removed from elk production. 

There is a need to create an awareness about roads in relation to 
environmental effects and an urgent need to consider roads in 
terms of long range productivity. 

Within the past decade, one factor has 
become vividly apparent to the resource man
ager and administrator, namely change in 
response to man's shift in cultural, social, 
and economic needs, rather than in the sense 
of technological advancement. The problems 
faced by the land manager today are not the 
problems present last year and our solutions 
must change. This cycle of problem and so
lution will continue as the desires of the 
public continue to change. This is not a 
situation peculiar to one single facet of 
land or animal management but rather a con
cern common to all disciplines from engineer 
to biologist. 

From a biologist's point-of-view, per
haps a personal view, the change has been 
traumatic. The continuous thread of our ed
ucation and practice has been production of 
the maximum number of animals consistent 
with the habitat and utilization of the sur
plus through scheduled harvest. However 

this is not a situation unique to wildlife 
management. Pressures for maximum sustained 
yield are present in the disciplines respon
sible for the production and management of 
wood fiber, recreational opportunity, water, 
red meat, and wilderness. 

The challenge for production has been 
made by the public we serve and responsibil
ities identified by the policy makers and 
administrators. To most land managers, the 
term production takes on corporate structure 
identity, but this is not the case with the 
administration and management of public do
main. Resource production on these lands is 
very complex, frequently unique to the par
ticular situation and very unforgiving when 
the course of action ignores the ecological 
constraints of the land. 

Our foremost responsibility is to de
fine the resource production capabilities of 
these lands and, perhaps most importantly, 
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the alternatives and options available to 
the land manager in achieving a mixture of 
products. The claim that new undiscovered 
resources will be developed on uncharted 
lands is no longer valid. 

Wildlife managers are becoming more 
aware of the need to understand the effects 
of harassment on the survival, growth, be
havior, and reproductive success of wild 
animals. A broad definition of harassment, 
for our purposes, is any of man's activities 
which increase the physiological cost of 
survival, decrease successful reproduction, 

or decrease the usefulness of habitats, or 
all three. Some of the activities which 
affect wildlife or their habitat are: off-
road vehicle use, all-terrain vehicle trav
el, snowmobil ing, cross country skiing, 
construction and habitation of summer/winter 
cabin sites, urbanization, mining, power 
line construction, hiking, oil development, 
water development, camping, boating, logging 
and road construction. 

The great diversity of man's activities 
on public lands may result in an even great
er diversity of impact on wildlife and their 
habitats. A single backpacker hiking 
through the Eagle Cap Wilderness probably 
has negligible impact on the sheep, goats, 
and deer inhabiting the area, but the cumu
lative effect of many such trips is much 
greater. Some activities place only subtle 
physiological stress on the animals, while 
others can destroy entire populations. 
Whether the impact is direct or indirect, 
the consequences must be identified and 
accounted for by management. 

The Pacific Northwest is unique in re
spect to land ownership and the juxtaposi
tion of population centers, forests, and 
waters. The maritime climate favorable to 
conifer production is also very habitable 
for humans. And these same lands and v/aters 
provide people with a place to recreate. 

Just two decades ago, many of the wild 
ungulate populations within the conifer 
zones of Washington and Oregon were inacces
sible by motorized vehicle. Forest roads 
were considered an investment necessary for 
providing access to bring timber stands un
der management. Biologists viewed roads as 
providing better hunter distribution and big 
game harvest. Wildlife managers were un
aware of the direct impacts of roads on deer 
populations or the indirect effect of vehi
cle travel within ungulate population cen
ters. Since that time, roads have become a 

subject of controversy relative to various 
concerns of land management. 

In the past decade the relationship be
tween ungulate populations and roads has 
been the subject of study by-state wildlife 
management agencies, by the USDA Forest Ser
vice, Bureau of Land Management, and the 
Federal Highway Administration. The Oregon 
Department of Fish and Wildlife in coopera
tion with the U.S. Forest Service, Pacific 
Northwest Forest and Range Experiment Sta
tion and the Umatilla National Forest 
initiated the Bobsled Study in 1969 to docu
ment the effects of timber harvest and road 
construction on elk and their habitat. The 
objective of this study has been to define 
impacts resulting from road construction and 
habitat changes and develop alternatives to 
present forest management systems and road 
construction techniques. 

It has been documented that roads af
fect elk populations directly by removing 
elk habitat from production and indirectly 
by inducing a disturbance factor, vehicle 
traffic and people, which displace elk from 
habitat adjacent to roads. This perhaps is 
the most important wildlife impact from ac
cess development. The cause and effect re
lationship between vehicle disturbance and 
big game populations is evident. The ve
hicle traffic represents forest visitors 
pursuing several forms of recreation, which 
may vary from camping to mushroom picking. 
These forms of visitor-days-use occur almost 
spontaneously with access development, and 
each represents to the individual a valid 
form of forest recreation. The resource 
manager is in the position of making "trade
off" decisions in regard to access develop
ment, type of recreation use, and time of 
use. These decisions are primary to estab
lishing multiple use objectives. 

The direct removal of forested habitat 
from production is a significant factor in 
northeast Oregon. A single-lane road 6.7 m 
(22 feet) wide, including cut and fill, re
moves 1.1 ha (2.7 acres) per mile from po
tential production, whether that production 
is projected in terms of elk habitat or tim
ber. A double lane road 10.36 m (34 feet) 
wide, removes 1.7 ha (4.1 acres) per mile 
from production. In Newfoundland it was 
reported that roads remove 5-10% of the pro
ductive cutover area permanently from pro
duction at the time of first harvest and 
subsequent harvest could increase this loss 
(Sidhu and Case 1977). 
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During road cons t ruc t ion we found elk 
use decl ined adjacent to the d is turbed area 
f o r a distance of 1,500 m. Beyond that d i s 
tance there was no s i g n i f i c a n t d i f fe rence 
between pre-disturbance and post-d is turbance 
leve ls of elk use. Elk use decl ined 82% i n 
a 1,000 m zone adjacent to the d is turbed 
area, 57% i n the next 250 m zone and 20% i n 
the per ipheral 250 m zone. In Idaho, elk 
were reported to avoid primary and secondary 
roads fo r a distance of 400 m and elk use 
seemed to dec l ine i n p ropor t ion to road 
dens i t y , i n t e n s i t y of use, and season of use 
(Hershey and Leege 1976). In Wyoming elk 
prefer red to stay 400 m away from moving 
t r a f f i c on I n t e r s t a t e 80 and fo res t roads 
(Ward 1976). Data from Colorado demonstrate 
that elk pe l l e t group densi ty increased at 
400 m from roads with higher c o r r e l a t i o n co
e f f i c i e n t s f o r paved and gravel roads than 
d i r t roads (Rost and Bai ley 1974). In Wash
ington i t has been reported tha t elk use 
from the road edge out to 804.6 m (1/2 mi le) 
increased 154% f o r main roads, 108% f o r sec
ondary roads, and 33% f o r p r i m i t i v e roads 
(Perry and Overly 1977). 

I t has been demonstrated tha t fo res t 
roads and associated use have an impact on 
deer populat ions. I t is also fac t tha t t im 
ber management and road cons t ruc t ion w i l l 
continue to play an important r o l e in big 
game hab i ta t m o d i f i c a t i o n , and that publ ic 
benef i ts as a resu l t of developed access to 
fo res t lands w i l l cont inue to play an impor
tan t ro le in land management dec is ions . 

Prev ious ly , the important var iab les 
considered in road design have been the 
economics of cons t r uc t i on , the economics of 
haul ing logs , sa fe ty , and an t i c ipa ted t r a f 
f i c volume. In some s i t u a t i o n s , road design 
and cons t ruc t ion have exceeded s i t e f a c t o r s . 
As a resu l t roads have been constructed at 
some expense to associated environmental and 
social values. In those forested areas 
where ungulate popu la t ions , elk and deer, 
provide valuable rec rea t ion oppor tun i t y , 
road-design a l t e rna t i ves should be used to 
reduce impacts to b ig game populat ions. We 
need to create an awareness about roads and 
the impacts these s t ruc tures have on associ 
ated fo res t resources. And there is an ur
gent need to consider roads in terms of long 
term land p r o d u c t i v i t y . In the past 1.62 ha 
(4 acres) per mi le of road may have been an 
equ i tab le t r a d e - o f f , but can we a f fo rd to 
make tha t t r a d e - o f f i n the fu ture? 

What are some of the a l t e rna t i ves to 
consider as input to present road design 

standards i f ungulate populat ions are to be 
managed as a fo res t product? 

1 . Road dens i t y , l oca t i on of roads, 
use i n t e n s i t y of a p a r t i c u l a r road, class of 
use, and seaon of use are fac to rs which i n 
dependently or i n combination may cons t i t u t e 
s i g n i f i c a n t d isturbance fac to rs a f f e c t i n g 
e l k . 

Elk hab i ta t requirements should be 
i d e n t i f i e d on a loca l basis and used as a 
basic input to every road system plan. To 
increase ava i lab le summer range cu r ren t l y 
denied elk by pers is ten t veh ic le d i s t u r b 
ance, e x i s t i n g road systems should be 
evaluated to determine the f e a s i b i l i t y of 
i n i t i a t i n g e i t he r c losure or abandonment 
procedures. Results of the Chesnimnus Road 
Closure Study (Coggins 1975) suggest road 
closures can also be implemented during elk 
season t o : (1) reduce elk harassment, (2) 
s i g n i f i c a n t l y a f f e c t hunter p a r t i c i p a t i o n , 
(3) increase es the t i cs of elk hunt ing , and 
(4) possib ly increase or decrease harvest 
rate over t ime. 

2. I t has been documented that dur ing 
ac t i ve road b u i l d i n g , elk have moved 250 m 
to 4 km from the a c t i v i t y depending on topo
graphic b a r r i e r s , logging i n t e n s i t y , size of 
the area being logged, size and shape of the 
dra inage, and t ime (season) of logg ing . 
Planned t imber sales on summer range should 
be confined to spec i f i c areas (dra inage, 
r idge) f o r one year or less wi th re -en t ry 
periods scheduled at minimum 5-year i n t e r 
va l s . Secur i ty areas should be provided ad
jacent to ac t i ve sales recognizing tha t 
r idge l i nes (topographic ba r r i e rs ) are of 
prime importance i n mainta in ing the in teg
r i t y of the secur i t y area. Secur i ty areas 
should be i n v i o l a t e ; t h i s may requi re i n i t i 
a t i on of area c losures. Secur i ty areas 
should be mutual ly agreed upon by regional 
b i o l o g i s t s and t imber management personnel 
a f t e r an on-the-ground examination. 

3. During the Bobsled Study, elk move
ment co r r i do rs ( t rave l lanes) were i d e n t i 
f i e d and cor re la ted to cover and minimum 
res is tance zones (MRZ). An MRZ was defined 
as a topographic feature which o f fered the 
least amount of res is tance to elk movements, 
i . e . , canyon bottoms, saddles, r i d g e l i n e s , 
contour t rave l routes. Plans fo r road de
s ign l oca t i on should include known elk move
ment c o r r i d o r s , and prov is ion should be made 
to protect these movement lanes by: (1) 
mainta in ing secur i t y cover, (2) minimizing 
cuts and f i l l s , (3) minimizing r igh t -o f -way 
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c l e a r i n g , (4) avoiding long road tangents, 
and (5) prevent ing accumulations of roadside 
slash in excess of .46 m (1.5 f ee t ) i n depth 
(Lyon 1975, Leckenby personal communica
t i o n ) . 

4. Data from the Bobsled Study demon
s t ra ted tha t streamside vegetat ion of the 
r i v e r i n e mixed fo res t (type 15) was one of 

the most valuable elk hab i ta ts in the Blue 
Mountains. Every e f f o r t should be made dur
ing the planning and on-the-ground survey 
period to i d e n t i f y streamside zones, 
sp r ings , seeps, and other mesic s i t e s . 
These s i t es should be maintained i n v i o l a t e 
o f road cons t ruc t ion and logging which re
move t h i s hab i ta t from product ion. 

5. Natural meadows, important as f o r 
age areas, should be excluded from road con
s t r u c t i o n . Roads b u i l t adjacent to meadows 
should be screened, e i t he r by distance or by 
vegetat ion s u f f i c i e n t to provide secur i t y 
cover f o r elk using the forage areas. 

These a l t e r n a t i v e s , although based on 
data from several research e f f o r t s , should 
not be considered the f i n a l product. To
gether wi th input from associated d i s c i 
p l i n e s , they should be considered a por t ion 
of the input to be evaluated in the planning 
of t imber sales and road cons t ruc t ion p r o j 
ec t s . Addi t iona l research i s needed to 
i d e n t i f y s t i l l other a l t e r n a t i v e s , and im
plementat ion is urgent ly needed to generate 
data on the ef fect iveness of each a l t e rna 
t i v e . 
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DISCUSSION 

Comment: Could you def ine tha t co r r i do r 
where you mentioned the elk stay away from 
the road, 250 m to 400 m? Is that a cor
r i d o r 250 m wide or do you mean 250 rn on 
e i t h e r side? 

Pedersen: That was 250 m on e i the r side of 
the road. 

Comment: Can you break that down in to d i f 
fe ren t classes? I d i d n ' t qu i te catch the 
whole t h ing about you breaking down the 
paved roads, d i r t roads and so on. What 
were the distances? Did the elk stay f a r 
ther away from d i r t roads, or did they stay 
f a r t h e r away from paved roads? 

Pedersen: The c i t a t i o n I mentioned was from 
the recent pub l i ca t i on of Perry and Overly 
i n Washington. They said elk use from the 
road edge out to one-hal f mi le was reduced 
154% f o r main-haul roads, 108% f o r secondary 
roads, and 33% f o r p r i m i t i v e roads. This is 
an example of the c o r r e l a t i o n that has been 
estab l ished between the type of road and the 
e f f e c t of that road on e l k . In t h i s example 
the paved road had more impact on elk than 
d id the p r i m i t i v e d i r t road. 

Comment: Wouldn't that be p re t t y much cor
re la ted wi th t r a f f i c volume on the road? 
Can you separate the amount of t r a f f i c from 
the type of road? 



type of closed area no entry is permitted by 
the public or by administrative personnel. 

Comment: Are these enforced outside the 
hunting season? 

Pedersen: In some area, yes, there are area 
closures and they are enforced. 

Comment: But you may have administrative 
traffic on your closed areas? 

Pedersen: In the situation where the land 
is closed by an area closure, administrative 
traffic is not allowed. Within the road 
the road closure areas, such as I mentioned 
previously, administrative traffic is allow
ed. But, such traffic is closely controlled 
and entry must be for a specific performance 
of duties. 

Pedersen: Certainly, there has been a 
strong correlation established between vol
ume of traffic and ungulate reaction. 
There is another correlation, and that in
volves the type of road and the amount of 
traffic. 

Comment: For a given level of traffic, 
though, do you think the relationship would 
hold in terms of general patterns? 

Pedersen: I do believe there is a general 
relationship. For example, with the same 
volume of traffic over a gravel surfaced 
road and a primitive dirt road, the impact 
from the gravel road traffic will be great
er. This is related to the intensity of 
sound produced by the vehicle. There are 
data which indicate that in certain situa
tions ungulates apparently adapt to vehicle 
traffic and this is difficult to measure. 

Comment: How do you feel about the road 
closures in Montana where there is a locked 
gate and the road is closed to the public 
but open for all Burlington Northern employ
ees. Occasional traffic perhaps isn't as 
detrimental as continued traffic, but during 
hunting season, it's essentially open. I 
realize there is no trouble when there is no 
traffic on a road, but what do you feel 
about these closures? Are they adequate? 

Pedersen: There are at least two types of 
road closures that I know of in Oregon. 
First, I would like to comment on one state
ment that you made that I disagree with. I 
stated that I was not concerned about a road 
without associated traffic when we are con
sidering a disturbance factor. But, when we 
remove 4.1 acres of land from production for 
every mile of road I become concerned. 

The first type of road closure program 
being used in Oregon involves a closure pro
gram for a specific time period and these 
usually involve deer and elk seasons. Such 
a program is being used in the Chesnimnus 
unit, Ochoco National Forest, and the Uma
tilla National Forest. When these areas are 
closed they are closed to all entry. The 
exceptions are that administrative personnel 
may enter the area in pursuit of violators, 
in case of emergency, or for animal salvage. 
Entry into such an area by agency personnel 
with keys to the gates or signed vehicles 
creates public relations that undermine the 
entire program. I would say, based on our 
experience in Oregon, that the situation you 
describe is not adequate. The second type 
of closure is an area closure. Within this 

DURING THE SUMMARY SESSION a number of com
ments were made about wildlife-road inter
actions. Following is a summary of those 
comments. 

There appears to be some depression of elk 
use within certain distances of roads, and 
it depends on the type of use on the road. 
Elk may habituate to a particular traffic 
flow, as on an interstate highway, but may 
be disturbed by traffic that leaves or stops 
on the highway. The type of road (paved, 
gravel, or jeep) may also influence the elk 
effect. Timing appears to be an important 
factor, too. For example, a particular road 
system may be of little significance most of 
the year to elk, but if its use coincides 
with a calving area a very undesirable im
pact can result at that time. While impact 
depends on many factors, it can be explained 
by looking at how those factors interact in 
a given area. 
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GUIDEBOOKS — FOR BETTER OR FOR WORSE? 

Peggy Ferber, Chairman 
Editorial Committee 

The Mountaineers • Books 
Seattle, Washington 

ABSTRACT—This paper focuses upon the effect of publishers' 
purposes on the contents of guidebooks, some of the problems of 
responsible guidebook publishing, the relationship between 
increased backcountry use and the proliferation of guidebooks, what 
guidebooks can and cannot be expected to do, how guidebooks can be 
used to disperse use and educate the user, and some trends—past, 
present and anticipated—in techniques of use. 

Discussions over the past 10 or 15 years 
about the relationship between increased 
backcountry use and the proliferation of 
guidebooks have not really demonstrated a 
definite cause-and-effect pattern. However, 
in the absence of scientifically documented 
evidence, common sense indicates some 
judgment can and must be made about what 
guidebooks can and cannot be expected to do, 
and how guidebooks can be used to disperse 
use and educate the user. 

Before I say anything about the effect 
of guidebooks, I would like to tell you a 
little about the effect of publishers' 
purposes on the contents of guidebooks, and 
some of the problems of responsible guidebook 
publishing. Books are written by writers, 
some more conscientious than others about the 
contents of their books and their possible 
effects. However, like the old saying that 
an attorney is a lawyer with a case, an 
author is a writer with a publisher. 
Publishers, and the set of convictions they 
work from, or lack, have considerable 
influence on the quality and content of books 
that you will find on the market. An author 
therefore normally seeks a publisher into 
whose line his work will fit, because that 
publisher will have developed a sales network 
to market his particular kind of book 
effectively. Harold Robbins does not send 
his new manuscripts to National Geographic. 
To illustrate the relationship between 
publishers' premises and the contents of the 
guidebooks they publish, I'd like to give you 
a little background on The Mountaineers' 
program, because that's where my experience 

has been, and because we have all the same 
problems other publishers have, as well as 
some significant differences. 

The Mountaineers were organized in 1906 
"To explore and study the mountains, forests, 
and water courses of the Northwest; to gather 
into permanent form the history and 
traditions of this region; to preserve by 
the encouragement of protective legislation 
or otherwise the natural beauty of Northwest 
America; to make expeditions into these 
regions in fulfillment of the above purposes; 
to encourage a spirit of good fellowship 
among all lovers of outdoor life." Purposes 
like that can cover a multitude of sins. 

Among their other activities, The 
Mountaineers developed a very successful 
climbing course. Eventually the need for a 
text for this course resulted in the first 
edition of Mountaineering: The Freedom of 
the Hills, published in 1960. It was 
followed in 1966 by 100 Hikes in Western 
Washington "to share some of the experience 
gained in the past 60 years with the broader 
community of valley-pounders, ridgerunners, 
and hillwalkers beyond the current membership 
of The Mountaineers." The membership at that 
time totaled around 5000; today it is 
approaching 10,000. 

The Mountaineers • Books, as the program 
has come to be known, recently published its 
67th title; 44 are still in print. (Not all 
these are guidebooks; the list includes a 
selection of history, natural history, and 
reprints of classics in mountaineering 
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literature.) But as the program grew, it 
never lost sight of the fact that The 
Mountaineers are primarily an outdoor-
activity oriented group with a strong 
conservationist philosophy. 

In April 1972 the Board of Trustees of 
The Mountaineers established an ad hoc com
mittee to study and make recommendations on 
the Club's publication policy. Input was 
solicited from the membership and from land 
management agencies. The report of that 
committee, completed in September 1974, 
recognized the reality of the outdoor recrea
tion explosion and guidebook proliferation, 
but concluded in summary: "Many factors have 
contributed to the increased participation in 
outdoor recreation. While in this area the 
recreation explosion coincided with the pub
lication of guidebooks, it occurred also in 
areas for which no guidebooks were published. 
It is impossible to separate out the effects 
of the publication of guidebooks from the 
effects of the many other factors contri
buting to the recreation explosion." Pur
suant to this conclusion the Board passed a 
resolution in October 1975 recommending no 
specific guidelines, but adopting general 
principles of the report, i.e., "Mountaineer 
guidebooks shall encourage dispersal of users 
and discourage activities which (1) lead to 
permanent alteration of the natural land
scape, flora, and fauna, and (2) lead to 
dimishment of the wilderness experience." So 
much for the internal debates and soul-
searching of one organization. The American 
Alpine Club and the Sierra Club carried on 
similar debates. 

I'm not going to bore you with figures 
documenting the recreation explosion; enough 
treatises on this subject exist already. 
However, in the 1950s and 1960s, the argument 
raged: Were the guidebooks bringing more 
people into the backcountry, or was the 
increased use of the backcountry creating the 
demand for more guidebooks? There was no 
easy answer. But as more people walked the 
trails, and more books appeared on the 
shelves, thoughtful people were asking: What 
effect do guidebooks have on wildlands and 
not-so-wild lands? Here again opinions 
differed from "all publishing of guidebooks 
should cease immediately while there is any 
wildland left" to "guidebooks should be 
encouraged as a means to make friends for the 
wilderness and to educate wilderness users." 

In April 1972 the Board of Trustees of 
The Mountaineers established an /acj hoc 
committee to study and make recommendations 

on the Club's publication policy. Input was 
solicited from the membership and from land 
management agencies. The report of that 
committee, completed in September 1974, re
cognized the reality of the outdoor 
recreation explosion and guidebook 
proliferation, but concluded in summary: 
"Many factors have contributed to the 
increased participation in outdoor 
recreation. While in this area the 
recreation explosion coincided with the 
publication of guidebooks, it occurred also 
in areas for which no guidebooks were 
published. It is impossible to separate out 
the effects of the publication of guidebooks 
from the effects of the many other factors 
contributing to the recreation explosion." 
Pursuant to this conclusion the Board passed 
a resolution in October 1975 recommending no 
specific guidelines, but adopting general 
principles of the report, i.e., "Mountaineer 
guidebooks shall encourage dispersal of users 
and discourage activities which (1) lead to 
permanent alteration of the natural 
landscape, flora, and fauna, and (2) lead to 
dimishment of the wilderness experience." So 
much for the internal debates and soul-
searching of one organization. The American 
Alpine Club and the Sierra Club carried on 
similar debates. 

Some other publishers, the Sierra Club 
and the Appalachian Mountain Club, to mention 
two, work from these or similar premises: 
that guidebooks are not an end but a means to 
help preserve and protect wildlands. At the 
other end of the spectrum is the publisher 
who looks at the market potential only, for 
whom the sale and profit are the ends. And 
there are manuscripts available to profit 
from, for there's a new breed of prospector 
afoot in the mountains, a breed who have 
found if you can't get gold out of the 
mountains with a pick and shovel, you can 
still get it out with a typewriter. I don't 
mean to suggest that there are the good guys 
and the bad guys; without some profit on one 
book there's no money to do the next one. But 
the consumer, looking at an array of books in 
a store, may not realize the philosophy or 
concerns behind some of them. 

Eighty years ago when the Press 
Expedition set off from Seattle to cross the 
Olympic Mountains, no white man had ever even 
seen what lay in the interior of the range. 
These hardy explorers had no maps and no 
guidebooks, and when they miscalculated the 
direction the Elwha River Valley seemed to be 
taking, they wound up in incredible amounts 
of difficulty. Their error is so obvious on 
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the map, but that's called 20-20 hindsight. 
In contrast to those good or bad old days, 
depending on your point of view, there is a 
wealth of information available today. 

One recently issued catalog of outdoor 
publications contains 70 pages of books on 
backpacking and camping, first aid and 
survival, food foraging and cooking, 
orienteering, nature study and ecology, 
winter camping, skiing, snowshoeing, 
mountaineering technique and narratives, 
caving, canoeing, fishing, photography, and 
history, besides hiking guides to the entire 
world, from Kauai to Cape Cod and from the 
Turkish coast to Nepal. There are 24-6 titles 
listed in the hiking and climbing guides 
sections alone, and I know this isn't 
complete because not all The Mountaineers 
Books titles are listed. 

So the people are out there, and the 
books keep rolling off the pressess. What can 
we reasonably expect them to do? The front 
matter creates opportunities to educate 
wilderness users. We write nice educational 
forewords; we hope people read them; we hope 
people learn from them. I'm not sure we can 
count on it. Personally I suspect that if 
forewords get too preachy, people skip them, 
so I think it is more effective to encourage 
good wilderness practices by working subtle 
reminders directly into the text. 

One of the obvious ways to control use 
is to select trails and/or destinations which 
disperse use, and to not include those which 
have been or might become overused. Short of 
personally walking each trip, one has to rely 
on the author's judgment and integrity and 
his reputation for doing his homework, but 
editorial suggestions are in order, say if a 
particular area already has a reputation for 
overuse. Few commercial publishers have the 
time, the staff, the expertise, or even the 
motivation to check out these things. 

Lower elevation hikes can be encouraged 
on lands where trails and vegetation are less 
fragile and recover from bootstomping more 
quickly. This is the idea behind the new 
Footsore series by local author Harvey 
Manning. 

Sometimes circumstances create an 
opportunity to point out where practices 
could be improved. We are all familiar with 
the fact that the earth is usually beaten 
bare at the point where a trail arrives at a 
lake. Most people get that far and drop, and 
camp in the first obvious place. A guidebook 

can recommend campsites farther from or 
farther along the lake, or in less fragile or 
overused locations. A description of a trail 
may mention where switchbacks have been cut 
and warn against that practice. Where 
firewood has been depleted stoves can be 
recommended. Smaller parties can be 
encouraged to lessen impact. 

There are certain difficulties inherent 
in publishing guidebooks. First of all, 
conditions can change before you get the 
information into print. We at The 
Mountaineers • Books require our authors to 
clear their information with the land manage
ment agency concerned. I don't know to what 
extent other publishers do this. Even so, by 
the time the manuscript gets from the 
supervisor's desk to the backcountry ranger 
who walks the trails, and back to the author 
again, and finally into print, the material 
may already be out of date. 

There has never been a way to 
objectively evaluate the condition of an 
area, or to determine if that condition is 
improving or deteriorating. The trails in
ventory project is a step in this direction, 
and the Forest Service is doing some studies. 
I met a backcountry ranger in the Alpine 
Lakes Wilderness Area this summer. He was 
counting fire rings and estimating square 
feet of bare earth at lakes to develop a 
baseline for evaluation of use. This is the 
sort of basic information that is needed in 
planning guidebook coverage. 

Keeping guidebooks current with user re
gulations is a real headache. For what areas 
are permits required? Where are permits 
obtained? How do you plan for permits next 
month when you don't know if it will be 
raining next weekend? Sometimes the managing 
agency cannot say for sure what the 
regulations will be next season, let alone in 
a few years. The economics of book 
publishing are such that to keep costs down, 
a practical publisher must print a two- or 
three-year supply, knowing the regulations 
may well change more than once before all the 
copies are sold. At one time there was a 
discussion of making travel on the Wonderland 
Trail around Mount Rainier one way so that 
parties would not encounter each other so 
often and would have more of a feeling of 
solitude. I don't think the Park Service had 
any idea what a worry that rumor was to 
guidebook publishers and authors. 

So far we have been discussing what may 
be generally described as where-to-do-it 
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books. How-to-do-it books are subject to the 
same problems of cost-effective runs vs. 
oversupplies of out-of-date books. Tech
niques change rapidly. In 1934 Geoffrey 
Winthrop Young, in his classic work Mountain 
Craft, stated: "For bedding, a couple of 
blankets are all that is required in fine 
weather; spruce boughs make a perfect 
mattress." The first and second editions of 
Mountaineering: The Freedom of the Hills 
(1960, 1967) allowed that in remote regions, 
a few branches from any one tree or prefera
bly windfalls might be used, but that boughs 
should be scattered or burned after use. The 
third edition (1974) stated that "the de
struction of alpine plants and the strewing 
of resultant dead foliage are so repugnant 
that bough beds are not considered an alter
native except in the direst of emergen
cies. . .Modern materials are so light, versa
tile, comfortable, and inexpensive as to 
render bough beds obsolete." 

A similar trend is observed in the 
matter of building wood fires. Early works 
earnestly described the best kind of fuel, 
where to find dry twigs, how to keep matches 
dry, how to lay the kindling, and so on. 
Native wood fires are discouraged in many 
areas, now, if not entirely prohibited, and 
most camping technique books admit they are 
aesthetically pleasing, but stoves win hands 
down for efficiency and reducing impact on 
the land. Besides, they don't get your 
cooking pots all sooty. 

There are, I think, three general types 
of users. There are those who would, either 
instinctively, or through training or common 
sense, do the right, the ecologically sound 
thing, and leave very little trace of their 
progress through wildlands. There are those 
who will always turn their kids loose with 
bugles and hatchets. The idiot and the 
irresponsible, like the poor, will always be 
with us. Somewhere in between these two 
extremes is the large group of users who know 
not and know they know not. They are willing 
to do it right, if someone will take the time 
to tell them how. Authors and publishers 
have a great responsibility to the public 
schools, Scouts, YMCA and church- and park-
affiliated recreation programs. 

As publishers, we have figured out what 
to tell people about bough beds and native 
wood fires. But what should vie tell them 
about disposing of solid human wastes in 
winter? In the summer the recommended 
solution is to bury them in a few inches of 
soil and let nature take its course. That's 

not practical when you are traveling or 
camping on five or ten feet of snow. The best 
advice I know is to avoid what will be open 
water in summer and burn the used tissue. 
Perhaps with the dilution of melting snow, 
these measures are enough for the present. 
However, with the current upswing of interest 
in winter travel, we may find them inadequate 
in the future. More drastic measures may 
have to be instituted, for example, packing 
out solid human waste. Another possibility 
would be the development of a counteractive 
or neutralizing chemical additive. 

When I started hiking back in the early 
1950s tricouni nails were on the way out, and 
lug soles were the coming thing. Now it is 
becoming apparent that the deep lugs create 
considerable erosion without providing 
significantly increased traction on many 
sorts of terrain. I was out on the new 
section of the Pacific Crest Trail north of 
Snoqualmie Pass last Labor Day weekend. It 
was one of those typical Pacific Northwest 
days when you are in and out of rain gear half 
a dozen times in the course of a morning. We 
left the trailhead quite early, but by late 
afternoon, when we returned, the amount of 
wear and tear on the trail, in just one day, 
was striking. As publishers, should we 
recommend shallow treads or level soles? 

And what do you tell a responsible, 
well meaning hiker to do when confronted with 
a trail-wide hog wallow? It starts in a damp 
spot, so the first few people who come along 
step beside it. The next few have to step a 
little wider, and after a while it can only 
be avoided by a network of side trails 
through the brush. New trail construction 
techniques such as raised, hard surfaced 
walks may be necessary, even though 
expensive, because the alternative is to post 
a guard at the trailhead to warn everyone to 
bring his or her own pontoons. 

I think I may have raised more questions 
here than I've answered. But no one editor 
or committee of editors can be expected to 
know all the answers. We have to have help 
from you--the users and the managers and the 
researchers. Please let us hear from you. 
Thank you. 

DISCUSSION 

Comment: It was interesting to me that you 
said you try to pick areas to disperse use 
rather than including heavily impacted areas. 
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My perception of the guidebooks is that all 
those hikes in the guidebooks are probably 
really heavily used, and if I want to go 
where I won't see people I pick someplace 
that's not in the guidebooks. 

Ferber: It's indeed possible to refer to 
guidebooks to choose a destination which is 
not included so as to avoid well known areas. 
The trick is knowing enough about a region 
and the available guidebooks to find one that 
is not described (there are some, but they 
are getting scarcer). However, I think the 
principle still holds, that if a book is 
published with a hundred choices, use will be 
dispersed more effectively than if everybody 
goes to the one place that was described in 
the last Sunday supplement. 

Comment: What other kinds of guidebooks are 
there? For instance, the off-road-vehicle 
and horse people have guidebooks. You're 
talking primarily about hiking guidebooks, 
but there are other categories that add to 
impact. I'd like your view on that. 

Ferber: In The Mountaineers • Books line 
there are books like Trips and Trails which 
list destinations reached by road, mostly 
backroads, and hiking and climbing guides 
that include trails and cross-country travel 
but only mention roads insofar as they get 

one to the start of a trail. I don't know 
what is available to ORV and horse people. I 
suppose the amount of impact these would 
cause would depend on where they directed the 
users and the sensitivity with which they 
were written. (Comments were made by several 
people in the audience expressing awareness 
of some material available for 4-wheel drive 
vehicles, snowmobiles, etc.) 

Comment: Do The Mountaineers have a policy 
on publishing guides to undeveloped, off-
trail, crosscountry routes? 

Ferber: The Mountaineers' stated policy is, 
"Mountaineer guidebooks shall encourage 
dispersal of users and discourage activities 
which (1) lead to permanent alteration of the 
natural landscape, flora, and fauna, and (2) 
lead to diminishment of the wilderness 
experience." We may indeed include a cross
country route if necessary to get to the base 
of a climbing route, but we do not try to make 
them attractive as ends in themselves. In 
some cases where de facto trails were not 
constructed nor maintained by the land 
management agency but exist from long-
established usage, they may be included as a 
lesser evil than sending people out to 
develop new way trails. 
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AN EDUCATIONAL ALTERNATIVE: PRACTICES FOR USERS 

Peter A. Simer 
Director 

The National Outdoor Leadership School 
Lander, Wyoming 

ABSTRACT—This paper describes practices for users to minimize 
visual and biological impact from recreationists. It includes 
suggestions for campfire building, camping, sanitation, and other 
activities. The techniques were developed and tested by students 
and staff of The National Outdoor Leadership School, for use in the 
high altitude wilderness areas of the Central Rocky Mountains of 
North Western Wyoming, and are being adapted for use in a wide range 
of areas. 

INTRODUCTION 

This paper is a description of some 
techniques for minimizing the visual 
manifestations of impact caused by dispersed 
recreational users, the wilderness hikers to 
areas not serviced with established 
campgrounds. These practices were developed 
for summer backpack use in wilderness and 
primitive areas of the Central Rocky 
Mountains by the Staff of The National Out
door Leadership School (NOLS) in Lander, 
Wyoming. 

An important requirement in the design 
of these techniques was to create a change in 
user behavior while interfering as little as 
possible with the fulfillment of each user's 
intentions in participating in wilderness re
creation. Thus, they are useful for hikers, 
climbers, photographers, groups or 
individuals. 

HISTORY 

NOLS was founded in 1965 as a training 
center, an educational facility to prepare 
indivduals for careers as teachers and in
structors for all types of outdoor programs. 
The school recognized a dual purpose in the 
classification and values of wilderness 
remain for future generations; and a 
recreational goal, reflecting the belief that 
land of wilderness character is an 
appropriate location for recreational 
opportunity. 

Our task was to train students in a 
series of techniques and attitudes which pro
vide a solution to the obvious conflict 
between these two goals. With the tremendous 
increase in backpacking popularity, however, 
we realized that our courses were insuffi
cient to limit resource deterioration. 

Our concern led to a series of 
experiments in 1970, experiments in 
techniques of minimum impact. By 1974, these 
practices had evolved enough to be part of a 
pilot program by The Shoshone National 
Forest, which utilized volunteers as back-
country educators. 

The program resulted in the evolution of 
a group of guidelines, which, with a minimum 
of additional equipment and time have shown 
significant effect in minimizing impact. 

PRACTICES FOR USERS 

Backcountry Travel 

Travel quietly in the backcountry, 
whether hiking by trail or cross country. 
You will see more of your environment, 
wildlife will be less intimidated, and other 
hikers will appreciate the solitude. 

Bright colored clothes and equipment 
have limited advantages in the backcountry 
(see Winter Conservation Practices) although 
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they may look great in a store window. Wear 
"earth colors" if possible to minimize your 
visual impact, especially if you are 
traveling in a group. 

Respect the needs of birds and animals 
for undisturbed territory. When tracking 
wildlife for a photograph or a closer look, 
stay downwind, avoid sudden motions and never 
chase or charge any animal. 

Some birds and small animals may be 
quite curious, but resist the temptation to 
feed them. Even in low-impact areas, feeding 
wildlife can upset the natural balance of 
their food chain, and in addition your 
leftovers may carry bacteria harmful to them. 

When following existing trails, walk on 
the designated path. Shortcutting a 
switchback or avoiding a muddy trail by 
walking in the vegetation causes unnecessary 
erosion and unsightly multiple troughs. If a 
trail is impassable, walk on as many hard 
surfaces as possible (rocks or sand) and 
notify the Forest Service, Park Service or 
Bureau of Land Management officials 
responsible for that area. 

If you choose a route without trails, do 
not blaze trees, build cairns or leave 
messages in the dirt. Other backcountry 
travelers can be confused by unanticipated 
markers, and in addition these signs of 
travel make their wilderness experience less 
than enjoyable. 

Pick up any litter you can, but allow 
other hikers a sense of discovery by leaving 
rocks, plants and other objects of interest 
as you found them. 

In areas of abundant growth, use leaves 
or cones as toilet papers when possible, or 
enjoy an occasional edible plant, but be 
careful not to deplete the surrounding 
vegetation. 

If you are camping with a large group, 
hike in groups of four to six people at most. 
Four is an optimum number, especially during 
off-trail travel, because in the case of 
sickness or injury one person can stay with 
the victim while two people go for help. Use 
your judgment in breaking your group into 
smaller units to minimize visual impact and 
maximize individual enjoyment and self-
reliance. 

Camping 

Choose a camping site well away from 
water sources, trails and "beauty spots." 
The choicest camping spots are often prime 
territory for animal forage or other people's 
enjoyment of the view, so take a little extra 
time to seek out a more camouflaged area. 

Leave the area as you found it. Avoid 
trenching, cutting live branches or pulling 
up plants to make a pleasant campsite. If 
you do end up clearing the sleeping area of 
twigs or pinecones, be sure to scatter these 
items back over the campsite before you 
leave. 

It is unnecessary to spend more than a 
few days at any one campsite, unless it is 
already an established site or "sacrifice 
area." Even then, be conscientious about 
moving your camp to avoid sacrificing the 
area even more. 

To minimize your camping impact, pitch 
your tent or fly in forested or sandy areas 
rather than in lush meadows or other areas 
with fragile vegetation. If you are with a 
group, be particularly careful of 
overcamping; move your campsites before the 
impact becomes noticeable. 

A backcountry campsite should be 
reasonably organized. If you have laundry to 
dry or equipment to air out, make sure these 
items are not in sight of other campers or 
hikers, especially near a lakeshore or open 
meadow. 

Fires and Stoves 

Fires should be used only when there is 
abundant dead wood available on the ground. 
Be very critical about the necessity for a 
fire; if the area is overcamped or near 
timber!ine where wood regenerates slowly, 
either choose an alternative campsite or use 
a stove. 

Site Selection 

Good site selection and proper care of 
the cooking area make effective camouflaging 
much easier. 

Choose a resilient site for your fire or 
stove. Avoid lush meadows, fragile alpine 
tundra and other areas that can be easily 
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trampled. Try to disperse use throughout the 
campsite rather than concentrating activi
ties in the cooking area. 

Fires should be built far from tents, 
trees, branches and underground root systems. 

Fires should never be built in litter or 
duff. If there is a ground cover or duff, be 
sure to dig through it, well into the mineral 
soil when constructing a firepit. Be sure 
the pit is large enough to prevent the 
possibility of a coal smoldering in the duff. 
Especially when the woods are dry, do not 
build fires on windy days when sparks might 
be dangerous. To avoid permanent blackening 
and unnatural exfoliation, do not ring fires 
with rocks or build them against reflecting 
rocks. 

Types of Fires 

If you come upon an old fire ring in the 
backcountry and the surrounding area has not 
been overcamped, utilize the existing rock 
ring. However, in most cases we recommend 
building one of three types of fires to 
assure minimum impact. 

Flat Rock Method. Spread mineral soil 5 
to 7.5 cm deep on top of a flat rock over an 
area slightly larger than the fire will 
occupy, then build your fire as usual. Burn 
all wood completely to ashes and after the 
fire is out crush and scatter any residual 
coals. After the soil is removed and the 
rock rinsed, the area will be left unscarred. 

This method is particularly useful in 
areas where thick layers of rich organic soil 
preclude a safe firepit or surface fire. 

Firepit Method. Remove sod or topsoil 
in several large chunks from the chosen area 
(about 24.5 cm x 49 cm or 49 cm in diameter 
for a cook group of two people). Excavate 
the pit down to the mineral soil placing the 
dirt nearly in a protected pile, and pat 
mineral soil around the firepit perimeter to 
avoid drying out surrounding vegetation. The 
pit should be deep enough to house residual 
wood ash as well as the original dirt and 
sod, but shallow enough to insure adequate 
air circulation for burning al1 wood down to 
white ash. 

The sod, both around the firepit and 
removed from it, should be kept moist. For 
baking, mineral soil can be spread on the sod 
at the edge of the firepit for a bed of coals, 
but be sure to replace all baking coals in 

the firepit to be completely burned before 
burying the firepit. 

Before replacing and compacting dirt and 
finally replacing the sod, be sure that re
sidual coals are crushed to a powder or 
paste. Both the bottom and sides of the 
firepit should be cold to the touch. Make 
sure there are no soft spots in the filled-in 
firepit that will sink with age. Also make 
sure to coutour the edges of well-defined 
chunks of sod to assure a flat, even texture. 

Finish by landscaping the entire cooking 
area by scattering leaves or twigs or what
ever covered the ground originally. It is 
worth the effort. 

Surface Method. When there is abundant 
mineral soil available without excavation 
(sandy areas, old streambeds, etc.) there 
would be no need to disturb the topsoil by 
digging a firepit. Simply spread several 
inches of mineral soil on the ground and 
build a fire as usual. As with the "flat rock 
method," all wood should be burned completely 
to ashes (residual coals crushed and scat
tered) and mineral soil discretely replaced. 
Be careful of scorching the top soil, and 
camouflage the cooking area before leaving. 

Firewood Selection 

In order to insure complete, efficient 
burning, select your firewood from small di
ameter wood lying loose upon the ground. No 
wood should be broken off standing trees, 
alive or dead. An area with discolored 
broken stubs and few branches within arm's 
reach loses much of its natural beauty. Saws 
and axes should not be used as they leave 
unnecessary scars. If adequate wood is not 
available by acceptable means, stoves should 
replace fires. When in doubt, use a stove! 
Firewood is a valuable and often scarce 
resource so it should not be wasted on 
excessively large fires. 

Burn all wood as completely as possible. 
Plan ahead--do not put a "night log" on the 
fire that will be only half-burned in the 
morning. Let your fire burn down naturally 
to white ash before dousing it, and scatter 
as much of the ash as possible before burial 
in order to avoid an unnatural concentration 
of minerals in the firepit. 

All fires should be attended. Be aware 
of overuse, and if your firepit is too full 
of wood ash or your cooking area 
unnecessarily trampled, move your campsite as 
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soon as possible. Stop using your fire 
before the impact on wood supply or 
vegetation becomes noticeable. 

Scatter excess firewood before leaving 
your campsite so there are no traces of your 
fire. 

Sanitation 

Waste disposal is a difficult problem 
that must be handled with good judgment and 
common sense. We recommend that for groups 
or for camping in high-impact areas, latrines 
be used. They are easy to control and they 
minimize digging up something unpleasant in 
areas where widespread dispersal is unaccept
able. But if you are in a small group or in a 
low impact area, we recommend individual "cat 
holes." Smaller, less concentrated waste 
disposal usually insures more rapid decompo
sition, although more care must be taken in 
finding a suitable site. 

The principle factors in waste disposal 
vary with the environment, but sunlight 
(warmth), moisture and soil bacteria all play 
a role. Consider these factors before you 
decide on a method of waste disposal, because 
each campsite will have different variables. 
For example: 

In areas where latrines or cat holes are 
dug in organic soil layers, soil bacteria 
constitute the major decomposing agents, 
therefore, topsoil should always be mixed in 
with feces before burial. 

In more sterile soils (sand or 
predominantly inorganic soil layers), 
subsurface moisture is often the critical 
factor so feces should have a more shallow 
burial. 

In cooler forest soils and tundra 
vegetation, feces left on the ground can 
often be decomposed more effectively by sun
light and/or surface moisture than if the 
waste material were buried. 

Latrines 

Latrines should be located well away 
from rivers, lakes, creeks, and marshy areas 
to allow human waste to decay and be filtered 
through the soil without polluting. 

Latrines should be a maximum of 25 to 30 
cm deep but not deeper than the organic soil 
and should be filled before they are 5 to 10 

cm from full. Deeper burial prevents 
adequate decomposing bacterial action while 
shallower burial can foul the air and 
encourage animals to dig up the latrine. 

After each usage, feces should be 
covered with topsoil and compressed with foot 
or shovel. Adequate decomposition can occur 
only when topsoil is mixed in with waste 
material, so a latrine containing only feces 
without dirt will merely compact and hide the 
waste rather than decompose it. 

On the trail, when latrine facilities 
are unavailable, feces should be given a 
shallow burial well away from the trail with 
proper drainage considerations. Rolling a 
rock for an impromptu latrine should be 
discouraged, especially in heavily used 
areas. 

Urination should also be done well away 
from trails and water sources, although not 
necessarily in a latrine. Urinate in areas 
with thick humus layers and drainage, but try 
to avoid fragile vegetation because the 
acidity of urine can affect plant growth. 

Toilet paper, if used, should be 
completely burned. In low-moisture or high-
fire-hazard areas, toilet paper should be 
bagged and packed out. When available, snow, 
leaves and other natural substitutes are pre
ferable to toilet paper. 

Tampons must be burned in an extremely 
hot fire to completely decompose; therefore, 
in most cases they should be bagged and 
packed out. Never bury tampons in a latrine. 

Soap must not be used in lakes and 
streams. Complete soap bathing involves 
jumping in the water, lathering on the shore, 
far away from the water, and rinsing the soap 
off with water carried in jugs or pots. This 
allows the biodegradable soaps to break down 
and filter through the soil before reaching 
any body of water. Clothes can be adequately 
cleaned by thorough rinsing. Residual soap 
can cause skin irritation, so we recommend 
not using soap to wash clothes in the back-
country. 

Disposal of Food Wastes and Fish Viscera 

Food can be packaged in plastic bags 
instead of cans, glass bottles or aluminum 
foil. The bags should be carried out or 
burned, but beware of the noxious fumes from 
burning plastic. 
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Water waste (dishwater or excess cooking 
water) should be poured in a corner of the 
firepit to prevent attracting flies. When 
cooking on stoves, water waste should be 
dispersed far from any body of water. 

Avoid the problem of dealing with 
leftover food by carefully planning meals. 
When leftovers do occur they should be 
carried in plastic bags to use later or 
burned completely. Partial burning, which is 
likely to occur if an attempt is made to burn 
food shortly before dousing the fire, is 
inadequate. Remaining food odors can induce 
animals to dig up a burned firepit. Non-
soluble coherent food particles (macaroni or 
noodles) which inevitably occur in some dish
washing should be treated like bulk 
leftovers, that is, either be picked up and 
carried out or burned. 

Fish viscera should be burned completely 
in a campfire. When no fire is available, 
they can be put in a plastic bag and packed 
out or carried to a fire where they can be 
thoroughly burned. 

Under some circumstances, there is an 
alternative to carrying viscera in a plastic 

bag. If there are clearly many scavenger 
animals and birds around, if the quantity of 
viscera is not so great as to take a long time 
to consume, and if the area is a light-use 
one, then viscera can be scattered in 
discreet places to decompose naturally. Good 
judgment must be used. Do not throw fish 
viscera back into a lake or stream because 
the cool temperatures in most mountain water 
sources prevent rapid decomposition. 

CONCLUSION 

We have not accumulated hard data on the 
effects of the practices we have described. 
Subjectively, we have found decreased visual 
impact where these practices are used and in 
areas where we are the only users, hydrologic 
studies have revealed no impact. This has 
led to the adoption of these practices in 
informational pamphlets for users of the 
Shoshone National Forest in Wyoming and their 
inclusion in management plans for lands of 
certain jurisdictions of the Forest Service 
and Bureau of Land Management. They are part 
of our basic curriculum, and an important 
part of The Outdoor Leader Certification 
Program. 
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WILDLAND IMPACTS AND BUSINESS RESPONSIBILITY 

Ben Hayes 
Chairman of the Board 

Recreational Equipment Inc. 
Tukwila, Washington 

ABSTRACT--Recreational Equipment Incorporated (REI) is an outdoor 
recreation retailing, manufacturing and travel cooperative doing 
business nationwide. As such, it comes into contact with great 
numbers of wildland users who are unaffiliated with any other 
organization. This paper details the nature of REI, its concern 
about wildland impacts, specific techniques it uses to make its 
member/customers impact-conscious and the results of these efforts. 

The minimizing of wildland impacts by 
member/customers is an important concern of 
Recreational Equipment Incorporated (REI). 

To understand why this is true requires 
an understanding of the nature of the Coop: 
REI, is a classic Rochdale cooperative; i.e., 
membership is open to anyone who is 
interested in joining. Members share in any 
Coop profits in proportion to annual 
purchases. 

Founded 40 years ago, REI now has a 
membership in excess of 8,000,000. The Coop 
conducts business nationwide on a mail order 
basis as well as through retail outlets: it 
now has 4 stores and two more are scheduled 
to open in 1979. Our 1978 sales volume is 
likely to exceed $35,000,000 and our 
expectations are to pay a patronage dividend 
of 10% (about average for us). REI by-laws 
require us to remit as dividends not less 
than 85% of annual distributable operating 
profits to our own member/customers. 
Despite the limitations created by this self-
imposed restriction on our ability to amass 
capital, in recent years REI has averaged an 
annual growth rate of 25% compounded. In 
addition to REI retail activities, we operate 
a travel business and a manufacturing 
facility. 

In recognition of the express desires of 
our extensive membership, the directors of 
the Coop have adopted a philosophy of 
operation which stipulates that, "The 
recreational uses of the outdoors which are 
the reason for REI's existence depend upon 

the preservation of open space available to 
the public, and upon a healthy environment in 
which natural processes can function. 
Therefore, REI will alone or with other 
organizations, make efforts to protect the 
outdoors which its members enjoy. It will be 
active in helping its members use merchandise 
which it sells in ways that will protect and 
preserve the outdoors." 

REI is in contact with a wide array of 
individual users. Presumably many of these 
people are unaffiliated with other 
environmental or recreational organizations. 
Because ours may be the only message they 
receive, it is particularly important for us 
to meet the obligation and the opportunity to 
exert a positive influence upon our 
user/members in protection of the wild 
environment. We are not alone in this 
position; similar retailers locally would 
include Eddie Bauer, Early Winters, The 
Swallow's Nest, North Face, etc., but no one 
does more to meet this responsibility for 
minimizing impacts. 

Enough stage-setting: Let's examine 
what REI does about wildland impacts. Among 
the techniques we use--any of which is avail
able to anyone in similar circumstances—are 
the following: 

1. Distribution of point-of-sale 
reminders; 

2. Publication of "Minimize Your 
Impacts" reminders in every catalog; 
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3. Presentations (in-store and out-of-
store); 

4. Stocking of "Impact" books; 

5. Designation of an area in each store 
identified as an "Environmental 
Resource Center;" 

6. Channeling money into the hands of 
outside groups or individuals with 
demonstrated ability in the field of 
environmental protection; 

7. Advocacy on issues of environmental 
protection; and; 

8. Sponsoring volunteer environmental 
work projects. 

Point-of-sale reminders in protection 
of the environment range from signs in the 
various stores to labels on the merchandise. 
Informational handouts are available at the 
cash registers. Stuffer sheets are inserted 
in shipments or packages during the 
purchasing process. Environmental messages 
are imprinted on bags and stationery. The 
opportunities are endless--providing one is 
truly committed. 

"Minimize Your Impacts" statements in 
our catalogs vary from publication of the REI 
Guiding Philosophy to Viewpoint articles and 
brief inserts such as "Protect Your 
Wilderness" or "Help preserve the beauty of 
our mountains and forests by using a stove 
instead of building a fire. In many areas 
campfires are not allowed. Check local 
regulations." 

The Coop's outreach activities are quite 
extensive. These include formal clinics on 
subjects of general interest, usually about 6 
per year in the Seattle store alone reaching 
600 persons or more. Demonstrations of 
equipment are another outreach activity 
usually scheduled away from the stores. We 
conduct more than 50 of these demonstrations 
annually, contacting in excess of 1,000 
persons. 

The number of books stocked by REI with 
some kind of curb-your-impacts message is 
difficult to measure but the list is ex
tensive, ranging all the way from instances 
where the message is subtle or minor (as in 
the 100-Hikes series) to cases where pro
tection j_s_ the message in such books as "Sand 
County Almanac"). 

REI's "Environmental Resource Centers" 
are an employee/management response to the 
frequent requests we • receive from 
environmental interest groups. These groups 
seek a place to display their messages or to 
leave their handouts. The centers are un-
staffed usually, although interest groups are 
welcome to staff them in connection with some 
significant drive. Contents range from "Save 
the Whales" to "Save Our Agricultural Lands" 
and everything in between including the re
duction of wildland impacts. Size of the 
centers is a function of store size but the 
Seattle store center is about 18 m2 (200 
ft 2). 7'ps is prime "up-front" space near 
the main store exit adjacent to our map, book 
and poster department and alongside a 
principal traffic aisle. As selling space it 
represents an annual commitment worth at 
least $38,000. As "image" space it has value 
beyond measure since jyt_ it what we say we 
are. It is evidence that REI cares about the 
environment. 

REI channels money to groups or indivi
duals with a demonstrated concern for the 
environment in a number of ways. We buy 
their products if that is appropriate (for 
example, REI has purchased $5,000 in maps for 
resale from ALPS--The Alpine Lakes Protection 
Society--since 1972). We make donations to 
certain priority causes. In 1978 such dona
tions are expected to total $25,000 (Alaska 
D-2 Lands legislation, RARE II, Mountain 
Rescue Council and so forth). 

Related support of an indirectly 
financial nature involves speaking out on 
issues of environmental protection; 
traveling to testify at various meetings and 
hearings or writing letters in support of 
certain viewpoints. I wish I had a dollar 
for every hour I have spent on the issue of 
river use impact curtailment this year alone. 

Most of the techniques described above 
are essentially passive or indirect. When it 
comes to active efforts to minimize wildland 
impacts, the Co-op's principal claim lies in 
its sponsoring of clean-up and trail-building 
trips by volunteers. We have conducted these 
activities for more than five years now in 
Seattle and lesser periods at our other out
lets. More than 1,000 volunteers have parti
cipated to date. In 1977, REI volunteers 
removed an estimated 4,950 kg (11,000 lbs) of 
refuse from 62 km (39 miles) of ocean 
beaches. In the past two years we've cleared 
and re-built more than 48 km (30 miles) of 
traiIs. 
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REI's techniques have come into exist
ence over an extended period of time. They 
result from the kind of people who make up 
REI, the members as well as REI directors, 
management and staff. Together these people 
embody a special sensitivity for the environ
ment. This sensitivity is deep, all-pervad
ing and facilitated by certain formal organi
zational procedures and processes. The 
latter include for example, our quality 
control staff and our all-volunteer Quality 
Advisory Committee. While one might construe 
the word "quality" ^ery narrowly in determin
ing the role of such people, REI has tended 
to interpret it broadly. Thus we look for 
products which will serve well in non-de
structive ways without sacrifice to user 
safety. 

Because REI makes clear what kind of 
organization it is, we tend to attract others 
with similar views. While taking public 
stands has its risks, we have found there are 
many people who care as we do or who do not 
hold such opposing views that we have driven 
them away. So, rather than be neutral or 
silent, we have gravitated toward speaking 
out. We have adopted a specific pro-
environment image. 

REI has four means of measuring the 
propriety of this pro-environmental stance: 
our sales volume, membership growth, what 
members tell us face-to-face or in their 
letters, and member responses to periodic 
questionnaires. Our sales continue to in
crease as does our membership (10,000 new 
members in one single month recently). Nine 
out of ten letters we receive are supportive. 
Responses to our questionnaires in 1975 
indicated that 92% of REI's membership wanted 
us to be more active in protecting the 
environment. In a preface to another 
questionnaire in 1977, we \/ery carefully de
scribed our increased activities. This time 
95% of the respondents said we should 
"continue to be active in their behalf" and 
58% said that we should be "even more 
active." 

Even within REI there was expressed 
sentiment that no merchant could dare to 
become involved or could afford to take a 
position on controversial issues. Nonsense! 
Successful businesses do it daily so long as 
the issues are business-relevant. For REI, 
the environment i_s business-relevant. I sub
mit that it would be cost-effective for more 
of our recreation-equipment competitors to do 
as we have done. 

Now you know what REI is all about, what 
techniques it uses to maintain its image and 
how some of these techniques came about. As 
for results and some ideas about when, where 
and under what circumstances we feel we've 
been effective, I am less precise. The 
evidence is largely circumstantial: 

• We are still in business. 

• We are still being urged to extend our 
services. 

• Environmental interest groups seem to be 
seeking us out in increasing numbers. 

• Some wildland areas (mountains and 
beaches) are cleaner than they used to 
be because of us. 

• Some of our clean-up/fix-up activities 
--particularly the urban ones--have not 
drawn large numbers of volunteers, hence 
we plan to swing back to more of the 
wildland-trail-building kind of thing, 
i.e., mix the opportunities. 

We plan to continue our pro-environ
mental stance as a matter of policy. We will 
continue to seek novel ways to implement this 
policy, including the solicitation of advice 
from unpaid member volunteers (like our 
Quality Advisory Committee, the relatively 
new Social/Environmental Advisory Committee 
and individual store advisory committees). 

Such volunteers, if well selected, con
tribute significantly to the success of REI 
because of their special expertise and non-
REI associations. They make us look good and 
their REI-involvement apparently leaves them 
with a good feeling because we pay attention 
to them. They help to keep REI impact 
conscious. 

DISCUSSION 

Comment: I think that I'd like to point out 
the significant change in REI in the past 20 
years. REI did not always have the outlook 
on wilderness that it now has. It's shown a 
growth in its awareness of the need to 
minimize wildland impacts. 

Hayes: Thank you, that's very nice. That's 
the policy direction that the present board 
supports strongly. I can't think of anyone 
who deserves more credit for having in
fluenced this change in policy than Director 
Louise Marshall. 
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Comment: I wonder. I've spoken to the board 
of directors about impact and I'm really 
gratified to hear that some things are done 
that I wasn't aware are being done. I wish 
somebody would let the members of REI know 
that. The board of directors has a clear 
mandate based on surveys to show concern for 
the environment but what REI is doing is 
really peanuts compared to what they could 
do. 

I'd like to point out, also, that there 
are other companies that do these things. 
Holubar has a policy of not selling brightly 
color rainflies for their tents; they'll only 
sell a tan or earth-colored rainfly. I wish 
the Coop would do a little more in that line. 
I haven't seen any minimum impact brochures 
at the checkout counters for a couple of 
years, although I have looked for them. And 
I haven't seen any real attempt by REI to 
tell people the aesthetic problems of bright 

colors when they're choosing tents or packs. 
So, I think there's a lot more the Coop could 
do, given its resources and its personnel. 

Hayes: There's no question that we could do 
more. This conference is not an opportunity 
to plug REI, it's an opportunity for us to 
explain what retailers of outdoor recreation 
merchandise can do. I would be the first to 
admit that REI hasn't attained my ambitions 
either. Still, one of the things that Coop 
members have to keep in mind is that we are a 
business in an extremely competitive field; 
one walks before one runs. If you'll check 
the trend, you'll find the trend to be 
favorable, and if you'll keep talking to us, 
I'm sure there's a great deal more that we 
and our competitors can do. One of the 
things that retailers so often overlook is 
their image. I can't think of a better image 
in our field than one of concern for the 
impacts of the things we sell. 

Subalpine fir 
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SIERRA CLUB WILDERNESS IMPACT STUDY: CONCLUSIONS & SPECIFIC FINDINGS 

John T. Stanley, Jr. 
Naturalist 

Harvey & Stanley Associates, Inc. 
Alviso, California 

ABSTRACT--This paper outlines findings from a six-year investiga
tion of Sierra Club Wilderness outing participants--their impact on 
vegetation, the impact of stock on vegetation, the consumption and 
production of firewood, the disposal of garbage and human wastes, 
and the interaction of small mammals and birds with organic garbage. 
Comments are also made regarding subjects for future studies and 
with respect to the planning process. 

INTRODUCTION 

The Sierra Club Wilderness Impact Study 
began in 1970. Members of the Sierra Club 
Outing Committee asked San Jose State Univer
sity (SJSU) biology professors Dr. H.T. 
Harvey and Dr. R.J. Hartesveldt to investi
gate the impacts of the Sierra Club Wilder
ness Outing Program. They in turn asked me 
to coordinate the field studies. 

During the six years of study we observ
ed many different outings of several kinds, 
including knapsack, stock-supported trips, 
family outings, base camps, saddle trips and 
river trips. We visited many wilderness 
areas throughout the western United States. 
Eventually we found it necessary and more 
convenient to concentrate our investigations 
in the Sierra Nevada. 

We recruited the aid of fellow faculty 
members at SJSU and able graduate students 
hoping to turn their studies into thesis 
projects. All in all, 15 researchers worked 
to produce 12 separate studies pertaining to 
wilderness impact problems. 

These studies were reported in an inter
im report released by the Sierra Club in 
1972. A complete collection of the final 
reports is being published by the Club and 
should be available shortly. 

INVESTIGATIONS 

Elian Absher studied the demographic and 
socioeconomic characteristics of Sierra Club 
Wilderness Outing participants and Jim Absher 
analysed discernable differences in the atti

tudes, aspirations and preferences of outing 
participants and a representative sample of 
Sierra Nevada wilderness visitors in an at
tempt to determine of Club outings have any 
negative effects on other wilderness users. 

Rexford Palmer made observations on the 
impact of Club outings on meadow vegetation 
and conducted foot and trampling experiments 
at several sites in the Sierra. In addition, 
Rex Palmer and I attempted to determine the 
best ways in which to revegetate the multiple 
rutted trails so common to the heavily used 
high meadow areas. Our experiments were 
located on the Lyell Fork Trail in Yosemite 
National Park. 

Steve Strand studied the impact of pack 
stock on meadows, expecially in Sequoia Na
tional Park. He also conducted trampling 
experiments, this time with horses and mules 
at the Harvey Monroe Hall Natural Area near 
the Carnegie Institute Research Station in 
the Inyo National Forest. Steve summarized 
many of his general observations on stock 
impact in a paper on pack stock management 
which is included in the impact study final 
report. 

Bill Davilla recorded the consumption of 
firewood on wilderness outings and determined 
the productivity of firewood in several sub-
alpine forests by establishing permanent 
firewood production plots beneath trees of 
several different species. 

Harry Reeves studied garbage disposal 
and human waste disposal on Club outings. He 
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established research plots for determining 
the rate of decomposition of various types of 
deposits. Gerry Willy assisted him in look
ing into the role of insects in the decompo
sition of human wastes. 

Dr. Henry Weston and his daughter Susan 
attempted to document and evaluate the role 
of birds and small mammals in cleaning up 
organic garbage broadcast at campsite areas. 
Dr. Harvey, Dr. Hartesveldt, Clifford Schmidt 
and I aided the student investigators with 
the design of their impact experiments, the 
selection of study sites and the analysis of 
their data. 

FINDINGS 

Since time is limited, I shall try to 
mention one or two findings from each inves
tigation which will be of interest to you. 

In general the findings of these re
searchers are quite consistent with the re
search reports which we heard yesterday. 
There is always danger in trying to extra
polate data from one area to another, but we 
are hopeful that some of our findings will 
give insight into impact problems elsewhere. 

Upon revisiting foot trampling plots, we 
found that there was complete recovery of 
meadow vegetation one year later regardless 
of the number of times trampled. These ex
periments involved up to 600 tramplings but 
did not wipe out the root mass. On the other 
hand, woody plants were found to be much more 
susceptible to damage and slower to recover 
than the turf forming sedges and grasses. As 
an example, the impact of 200 tramplings on 
red mountain heather (Phyllodoce breweri) has 
left a circle of bare ground which will be 
visible for many years. 

We did not make any surprising discov
eries about the trampling impact of stock, 
but rather confirmed what persons familiar 
with stock have known for a long time: the 
wetter the meadow, the greater the impact. 

Wood production appears to vary from one 
subalpine forest to the next to such an 
extent that determinations of the availabili
ty of firewood must be made on a site-by-site 
basis. Bill Davilla has developed a tech
nique for making these measurements. When 
recording firewood consumption we found that 
there is a strong correlation between the 
diameter of the fire ring and the amount of 
wood burned per hour, i.e., the smaller the 
diameter of the fire ring, the lower the 

consumption of firewood. Many Sierra Club 
outings build their campfire in a firepan 
which not only results in a lowering of fire
wood consumption but also eliminates the need 
for fire ring construction and the creation 
of fire scars. An analysis of firewood con
sumption records as they relate to group size 
reveals that large groups (greater than 16 
people) consume significantly less wood per 
person than smaller groups. 

I shall skip over the topic of human 
waste disposal. However, under garbage dis
posal we did find that in those areas where 
warm-blooded vertebrates are attracted to 
backcountry campsites, they, particularly 
some mammals, play a prominent role in remov
ing scattered organic garbage. 

Most of our attempts at trail revegeta-
tion were entirely unsuccessful; however, we 
did find that one approach to the problem 
which worked very well can be accomplished 
with simple equipment, utilizes materials 
available at the site and requires no propa
gation of plant materials. We achieved re-
vegetation of multiple rutted trails by re
moving the sod ridges between the parallel 
trails, digging up the entire area at right 
angles to and extending slightly beyond the 
two outside trails, adding fine sand from a 
nearby watercourse in order to achieve a 
level equal to that of the surrounding 
meadow, and then planting the disturbed area 
with plugs derived from the sod ridges. 

From our studies of Sierra Club outing 
participants and other wilderness users in 
the Sierra, we learned that the Club outings 
and program does provide experiences for a 
much wider range (age and sex) of people than 
otherwise go into the mountains. The two 
study groups varied in many ways too numerous 
to detail herein. Of special significance 
are the greater willingness of Sierra Club 
outing participants to camp close to another 
party and the importance which they place on 
the role of a campfire in the wilderness 
experience. The above, together with the 
tendency of Sierra Nevada visitors to become 
disturbed over the use of stock on large 
group outings, may explain conflicts between 
the two groups in certain instances. Both 
segments of user population placed major 
importance on seeking quietude. It is pre
sumably not so much being alone per se that 
gives meaning to the wilderness experience as 
the contrast it offers from everyday urban 
existence. 
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CONCLUSIONS 

What we have learned from our our ef
forts? I shall try to summarize very briefly 
some of my general feelings about our study. 

First, we studied the wrong groups. We 
studied Sierra Club Outings, what I call the 
organized group user, basically because they 
commissioned us to investigate the impacts of 
their outings. 

Organized group use represents a minori
ty of the recreational use of the wilderness. 
In 1975, groups comprised of more than 20 
people constituted only 1.9% of the total 
number of groups visiting the John Muir Wil
derness, while groups of ten people or fewer 
constituted 93.5% of all user groups. 

We should have studied parties of 2, 3, 
4 and 5 individuals. The average group size 
ranges from 2.7 to 4.3 in the studies and 
reports I have seen. For example, in 1973, 
in Yosemite National Park, 91% of the people 
entering the back country did so in groups of 
5 or less (Lee 1975). 

Why is this so important? Because the 
impact of a large group (12 or more indivi
duals) is very different from that of small 
parties. Indeed, there are many differences 
between the two groups. For example, the 
consumption of firewood is different. When 
Bill Davilla weighed and recorded nightly 
firewood consumption for groups of varying 
size, includings small non-Sierra Club par
ties, he found that consumption remained ap
proximately constant, or, in other words, 
larger groups burned much less wood per 
person than did small groups. 

One major difference between organized 
groups and unorganized parties is leadership 
and leadership training. The participants on 
organized group outings are generally guided 
by a code of conduct established by the trip 
leader, this being most often grounded in the 
generally adopted practices and procedures of 
the organization. Thus, as members of the 
group, they are willing to alter their per
sonal behaviour to conform to leader and 
organization standards. The trip leader of
ten has been involved in a training program 
which has included wilderness manners and 
minimum impact camping policies and proce
dures. It is the trip leader and not the 
individual trip member who dictates, for ex
ample, the selection of campsite location, 
the method and location of human waste dis
posal, the acceptable noise level, the loca
tion of firewood collecting, the disposal of 
leftover foodstuffs, the handling of refuse, 

the location and construction of the camp-
fire. The end result is less per capita 
impact on the environment. 

Second, we had the wrong focus. We fo
cused most of our effort on studying ecologi
cal impacts. 

In the Sierra, "impacts" such as tram
pled campsite areas, unavailability of fire
wood, hacked-up logs and snags, multiple rut
ted trails, and excessive human wastes along 
popular trails and at heavily used campsites 
are the result of the concentration of use in 
a very small amount of the total area. Most 
wilderness parties do not disperse throughout 
the area; they generally begin at a popular 
roadhead and head for a known lake or 
stream. 

There, they set up camp on the ecotone 
at or near a body of water, either at the 
lake's edge if the forest comes down to the 
shoreline or if the lake or stream is in a 
meadow then they camp on the ecotone between 
the forest and a meadow. One result is that 
the users end up congregating close together 
forsaking solitude for camping in a heavily 
populated area at an already heavily used 
campsite. (Yesterday, Bob Lucas pointed out 
that the choice of campsites is not related 
to campsite impact.) 

It turns out that very little of the 
land is being utilized. Don't misunderstand 
me, I am not saying that this is bad. Nor do 
I think we should disperse these people so 
they can disturb the person who has chosen to 
go to a less popular spot to get away from the 
others. 

For me, the significance of all this is 
that in general the majority of the wildland 
area in the Sierra receives little visitation 
and is in good health. Thus, these things we 
refer to as ecological impacts are not signi
ficant in terms of the stability of the over-
al1 wilderness ecosystem. It turns out that 
physical impacts such as vegetation trampling 
are not as significant from an ecological 
point of view, as they are in terms of the 
effect they have on the experience. (This 
equates with the term damage with Bob Lucas 
was addressing yesterday.) 

Third, we underestimated the magnitude 
and significance of the strong biases which 
average sized groups have against the minori
ty wilderness users. In general, the aver
age user (3.5 group size) feels in conflict 
with and often despises group users. Inher-
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ently, he or she believes it is the large 
groups which are ruining the wilderness en
vironment. He or she decries the presence of 
large groups in the backcountry because they 
deny him/her solitude, and yet is willing to 
camp at a popular lake with numerous other 
small parties. In addition, he or she feels 
the same way about packstock and stock-sup
ported wilderness outings. 

Organized groups and stock users are 
readily identifiable users and as a result 
are easy marks for the user or manager who 
wishes a scapegoat for impact problems which 
are really the result of the cumulative ef
fects of many visitations by small parties. 

Managers find it very difficult to con
trol the impact of the majority of the users 
(average group) so they place restrictions on 
the activities of the minority users (large 
groups, stock parties) and pretend they have 
the situation under control. 

We still aren't talking with the aver
age-group user who is the majority user. I 
have attended many wilderness conferences in 
the past eight years, several of which were 
labeled as user conferences, and I have yet 
to see the average user there. Sure, we have 
representation from the Scouts and NOLS, the 
Sierra Club, packers and other organized 
groups every time, but we aren't reaching the 
unorganized user. We have heard at this 
conference that the average user is not dis
turbed by most of what we will call impact. 
We should be talking with that person. 

Fourth, we overestimated the role which 
scientifically gathered data would play in 
wilderness-use decision-making. It turns 
out that regardless of the research findings, 
both the Sierra Club and wilderness managers 
end up reacting to peer pressure from other 
wilderness users and supporters when making 
policy decisions regarding the kinds and 
amounts of wilderness use. 

wilderness use. 

The Club has held the number of people 
on national outings in the Sierra at a con
stant level for several years despite in
creased demand for these trips. Unfortunate
ly however, recent limitations on group size 
have resulted in a corresponding increase in 
the number of trips. 

There is less use of stock within the 
Club because of the perceived strong public 
bias against stock in the Sierra and the 
desire of the organization to maintain a low 
profile (you may find that hard to believe, 
but it's true). Trip leaders stay away from 
heavily used areas especially at popular 
times, and they try to schedule trip depar
tures on low visitation days. 

All of these decisions to reduce impact 
and visibility, including setting up a com
puterized system to prevent trips from going 
to the same area at the same time, have not 
been based on research findings but rather on 
politics. 

Finally, I would like to end on a posi
tive note about what Sierra Club members are 
doing to reduce wilderness impact; and that 
is, working hard to establish more areas 
where people can enjoy wildland recreation. 
Each area which we see experiencing impact 
problems resulting from overuse is yet 
another argument for moving back wilderness 
boundaries, expanding the wilderness preser
vation system, establishing buffer zones and 
creating more outdoor recreation areas. 

I truly believe that the efforts of a 
handful of people in the San Francisco Bay 
region to open up public assess to nearby 
natural areas, for example in the Santa Cruz 
Mountains and at Point Reyes National 
Seashore, has done more to reduce overuse in 
the high Sierra than either education or 
management restrictions. 

The Sierra Club program has reduced par
ty size in response to pressure from within 
the organization as well as changes in group 
size in agency regulations to the point that 
it has stretched the program financially, 
eliminated most of the social values of the 
experience and significantly reduced the va
riety of experiences possible. Indeed, there 
is a rather large faction within the Club 
which is against there being any Sierra Club 
outings. I suggest that you should not 
underestimate the strong bias which many wil
derness supporters have against any and all 

COPIES of the Wilderness Impact Study 
may be obtained from the Sierra Club Book 
Store, 530 Beech Street, San Francisco, CA 
94108. Cost to non-residents is $13.90 a 
copy; California residents must add 85 cents 
sales tax. 

DISCUSSION 

Comment: I'd like to ask if you feel that 
your findings on the Sierra Club can be 
carried over to other organized groups. You 
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seem to be supportive of the Sierra Club. 
But are Scouting and church groups as well 
organized and are their leaders as good as 
what you're talking about in the Sierra Club? 

Stanley: Well, you could go ask them today, 
apparently. But, from the conferences I've 
attended, you can't generalize that the Boy 
Scouts are ruining the wilderness either. 
I've listened and talked to a large number of 
\iery progressive Boy Scout groups that are 
highly organized and have strict policies for 
minimizing impact on their outings. 

Comment: We've become really concerned about 
that impact, especially in the Sierra Nevada. 
So we started the Wilderness Digest in Cali
fornia, which is in its 6th year. The pur
pose of it is to reduce that impact in the 
wilderness. We send a copy free to e^ery Boy 
Scout unit in California. And we now do this 
in Oregon and Washington, with a first year's 
edition. It's no cost to them and it's all 
done by volunteers, so the cost is kept down. 
But we are still reaching very few people, 
and are not reaching the unaffiliated users 
well. 

Comment: Disregarding per capita consump
tion, what did you find regarding overall 
consumption compared to the production of 
firewood in the sites that you studied. 

Stanley: We found some areas that cannot 
handle firewood consumption. The production 
is too low for the general rate of consump
tion that is going on. And these are, of 
course, higher-elevation areas, but they tend 
to vary from one place to another, so you 
can't generalize. You have to view these 
specific studies on the productivity of fire
wood in each basin. We found that the impact 
of the users was not as significant as you 
might expect; there is firewood. Most of the 
users are just too lazy to walk for it, 
they'll only walk a certain distance. If you 
run a transect perpendicular to the campsite 
and go several hundred of feet away from the 
campsite, you'll still find abundant fire
wood. 

Comment: As a leader of the Sierra Club high 
trips in 1941 and 1946, in the Sierra, one of 
the objectives of the Sierra Club in having 
approximately 200 people on a trip was to try 
to cut the number of people per animal down 
to three or four. This contrasts with 
smaller parties, which have three or four 
animals per person. 

Comment: Since there is usually a strong 

wilderness norm about large groups, as you 
pointed out, do you have any thoughts beyond 
what's just been said about why Sierra Club 
members who normally buy into that norm so 
strongly would be willing to participate in 
such large groups? 

Stanley: Because the people who go on a 
group outing are going for different reasons 
than you would. The same people might want 
to go on an outing, and the same leaders 
often go on outings of three people, but they 
go for a different set of reasons. 

Comment: What are the reasons? 

Stanley: Well, one of the reasons that you 
may find really funny was told to me by a 
gentleman I found sitting on a mountain top 
where I had found him to say that dinner was 
ready. He said, "Oh thank you, I was just 
enjoying my solitude. You know, in a group 
of three people, you can never get away from 
those other two people. But here on a Sierra 
Club outing, someone else is fixing my dinner 
for me. It's not my turn tonight. I could go 
my own way, nobody cares, everybody knows 
that I'll be safe, because I know where the 
central camp is, and I can go find a few quiet 
moments away from other people." 
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APPENDIX 

This policy statement adopted by the 
Sierra Club board of directors is included as 
an appendix. Because wilderness committee 
members from throughout the country spent two 
years attempting to arrive at some common 
guidelines which can apply to all wilderness 
areas, I feel that this document should re
ceive some exposure. 

Wilderness Management Policy 

1. The Wilderness Act of 1964 is the 
basic charter for wilderness management di
rection. Wilderness management must recog
nize that wilderness is preserved for conser
vation, cultural, educational, historical, 
recreational, scenic, scientific and wild
life values. 
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2. Within the context of the Wilderness 
Act the primary wilderness management objec
tive should be to protect "an enduring re
source for wilderness" from significant de
gradation by man's influence and use. 

3. Each wilderness possesses individual 
characteristics. The application of wilder
ness management techniques should reflect the 
individuality of each wilderness within the 
context of requirements to preserve the wil
derness resource. Wilderness management 
plans should provide for flexibility in meet
ing conditions that vary with location and 
change with time. 

4. Preexisting non-conforming struc
tures or uses may have been included when a 
wilderness was designated. Maintenance 
and/or replacement of such structures and 
continuation of such uses should be determin
ed within the context of site-specific 
management requirements of each wilderness. 

5. Wilderness serves as a benchmark, 
permitting comparison of relatively unmodi
fied environments with other environments. 
The protection of this benchmark function 
may, in some cases, require limitations on 
use. 

6. Wilderness management should allow 
the maximum range of public use opportunities 
consistent with the preservation of the wil
derness resource. Within this limit, the 
experiences of the individual user should not 
be manipulated or controlled. Limitation 
and/or zoning of use may be necessary to 
accomplish the protection of the wilderness 
resource. .Management techniques which reduce 
impact on the wilderness resource in fairly 
non-restrictive or subtle ways should be em
ployed before user restrictions which ration 
or control use. In such instances, use re
strictions should be administered in a way 
which is as compatible as possible with the 
freedom that one normally seeks in wilder
ness. 

7. In wilderness management natural 
ecological processes should be allowed to 
operate freely to the maximum extent feasible 
to promote, perpetuate, and, where necessary, 
restore the wilderness character of the land. 
Minimum manipulation may be allowed in order 
to restore man-disturbed environments or off
set man-induced restrictions on natural 
processes. 

8. The managing agencies should develop 
site-specific wilderness management plans 

for each wilderness. Development and adop
tion of such plans should require maximum 
public involvement at all stages, and the 
Sierra Club urges all concerned citizens to 
participate. In all instances the minimum 
tool practical for management should be used. 

9. The results of continuing research 
and experimentation should be considered in 
periodic review of particular management 
plans. 

10. Monitoring, measuring and scientific 
study of the wilderness environment should be 
allowed as long as it is as unobtrusive as 
possible. Restraint should be applied to and 
by the managing agencies over the impacts of 
research experimentation and environmental 
monitoring so as to protect the resource and 
experience. 

Adopted November 5-6, 1977,by the Sierra Club 
board of directors. 

Squirrel's forgotten cache 
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EFFORTS OF EQUESTRIANS TO PROTECT WILDLANDS 

J. Earl Flick 
Director, National Trails Council 

Trails Director, Oregon State Horsemen's Association 
President, Oregon Equestrian Trails, Inc. 

Member, Oregon State Trails Advisory Council 
Clackamas, Oregon 

ABSTRACT--Role of horse groups in minimizing impact is discussed as 
well as how they are helping to construct facilities which disperse 
use to minimize impact. Examples of projects undertaken in the 
State of Oregon are cited. 

What can horsemen do to disperse recrea
tional activities to protect our wildlands 
from damage from over use? We all agree 
demand and use for recreation in our wild-
lands has increased much more than the facil
ities to protect them from over use which 
creates damage. 

What are we doing to solve this problem? 
I meet with many equestrian organizations and 
horsemen. I find all are concerned about 
this fact and are studying and looking for 
solutions, recognizing an expanding need and 
setting long range goals. There does not 
seem to be any easy solutions. Because of 
the large holdings of wildlands managed by 
government agencies, we look to them, at 
least in part, to expand facilities to dis
perse recreation to prevent over use. Until 
recently, they were faced with low priorities 
for funding. 

Let's be positive. Trails and trail-
heads today must serve an entirely different 
purpose than trails built three decades ago 
whose primary purpose was to go from here to 
there over the easiest possible route in the 
shortest length of time. They did not con
sider scenic points, historical places, out
door study, or experiences, or most of all, 
permanent damage to our resources. 

The past seven years we, the horsemen of 
Oregon, have worked under cooperative agree
ment with the Forest Service on planning and 
constructing trailheads, horse camps and 
trails. Neither of us have the finances to 
do the job. They have the resource and 
expertise in surveying and planning. We ask 
our member clubs and members to furnish some 

labor. I sometimes think our spirit of co
operation and enthusiasm is as valuable to 
the job as the actual work done. We have at 
this time six working agreements. All are 
doing well. They add recreational opportuni
ties for horsemen and with the expertise in 
surveying and campground planning by the 
Forest Service staff, our wildlands construc
tion causes minimum impact damage. From here 
we assist in the maintenance of the existing 
trails and flag locations of others leading 
from camps. Some provide short loop rides 
for novice or youth riders--others long dis
tance or a challenge for experienced trail 
horses. 

Following is an example of our activity 
over the past five years on the Sisters Dis
trict of the Deschutes National Forest in 
Central Oregon. The Metolium-Windigo Trail, 
as planned, will traverse 125 miles of the 
entire length of the Deschutes National For
est. The trail will begin at the northern
most bend of the Metolius River east of Mount 
Jefferson and will continue to the Windigo 
Pass, southwest of Crescent Lake. It will 
provide a scenic route at low elevation which 
can be used for a longer period of time than 
most weather-bound wilderness trails. The 
Sisters north district section of the 
Metolius-Windigo Trail was completed and ded
icated at a ceremony September 9, 1978 at 
Graham Corral. This section started at Sheep 
Springs Horse Camp on the north and extended 
some thirty-nine miles to Three Creek Meadows 
Horse Camp on the south. It included four 
horse camps and one multiple use campground. 
The trail was built to a standard suitable 
for novice horsemen and backpackers. The 
longest distance between watering points is 
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the eight miles between the Metolius River 
and Indian Ford Creek, but in most places, it 
is only two to six miles. 

Thirty five miles out of Bend, Oregon, 
on the Deschutes National Forest, lies the 
historical Newberry Crater. Within the 
crater is Paulina and East Lakes and one of 
the largest obsidian deposits or flows on the 
continent. Around the perimeter twenty-seven 
miles of trail was built by Fort Rock Ranger 
District and volunteer work by organized 
groups of snow-mobilers and horsemen. We 
think these two groups are a natural combina
tion. The Paulina Lake Horse Camp within the 
crater is built to accommodate sixty-four 
horses in stalls with mangers. I understand 
the inventory value of the Newberry Crater 
Trails System is approximately $150,000. 
Without the enthusiasm and dedication of user 
groups these facilities could not have been 
completed at this time. 

OREGON 

One project for 1979 which will relieve 
pressure from the overused portion of the 
Pacific Crest Trail in the Willamette Nation
al Forest is in the Crescent District. It is 
one half mile off Highway 97 at the west end 
of Crescent Lake on White Fish Creek. The 
District Ranger has presented us with a Horse 
Camp and Trails program, and it will be 
family oriented. The camp has pull-through 
trailer spaces, low elevation trails, as well 
as a trail to the newly located section of 
the Pacific Crest Trail. Swimming, boating, 
fishing is all within one mile of the camp. 
Some day the trail wil go north connecting 
with the north section of the Metolius-
Windigo Trai1. 

Not all disperse recreation areas are on 
Federal lands. The Washington County Riding 
Clubs Association has opened two areas west 
of Portland. The Buxton Mountain Horse Camp, 
on top of Buxton Mountain, has pull-through 
trailer parking in an area of many old 
logging roads and abandoned fire trails. The 
project was made possible through cooperation 
of the Washington County Commissioners. 

On Oregon State Forest property in the 
Coast Range west of Portland, with the co
operation of the Forest Grove office of the 
State Forestry Department, the old and his
torical Yamhill to Tillamook Wagon Road was 
opened. When completed, a ride can be plan
ned to cover ten, fifteen or up to forty 
miles. The Coast Range is a different riding 
experience. It is scenic and most interest
ing. Trees up to six inches in diameter grow 
up between the old wagon ruts; in some places 
an old wagon could still be drawn. 

In Oregon we have 24 county sheriff's 
posses, many riding clubs, breed organiza
tions, and trail riding groups. These are 
affiliate members of Oregon State Horsemen's 
Association. Through their affiliation they 
receive monthly the Oregon Horsemen, owned 
and published by the Oregon State Horsemen's 
Association. This publication carries legis
lation reports, animal care, ethics, accom
plishment awards, maps, new trails, etc. 
This program is doing a great job for the 
horse industry. Our members obey the laws, 
care for our resources and realize multiple 
use of our resources by all recreational 
groups is a must. 

Manure or droppings from horses are a 
valuable product. This value is sometimes 
overlooked. In the Sisters Ranger District 
where we have horse camps with stalls and 
mangers we pile the manure during the riding 
season and in the fall spread or rototill it 
into the soil around campgrounds where grass 
shows wear and the soil is thin. 

In conclusion, let me read from a letter 
dated September 13, 1978, written by Ronald 
L. Ketchum, District Ranger, Sisters Dis
trict, Deschutes National Forest. 

"When comparing the horsemen as a user 
group to others, it is evident that there 
is less vandalism and abuse of facilities 
than from other user types. 

"Horsemen tend to be willing to volunteer 
labor and finance the construction of fa-
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cilities such as horse camps and trails. 
Once they have done so, they accrue a 
sense of pride and ownership in these 
facilities. They also provide assistance 
in controlling people who would abuse the 
resource or facilities. I am aware that 
many individual horsemen have done main
tenance work without being asked by public 
agencies. 

"Most of the problems are such that educa
tion to encourage change to present day 
methods can prevent irretrievable 
losses." 

DISCUSSION 

Lucas: You mentioned horse manure. The 
perceptions of the horse manure problem are 
very divergent. There's one study from Yose-
mite National Park in California which indi
cated very strong resentment or negative 
feelings about horse manure on the part of 
visitors. There's some other studies from 
the Northern Rockies from Montana and Idaho 
that would indicate that this is a very 
insignificant problem from the point of view 
of the visitors. So, there may be some real 
differences between the kind of people who 
are using places like Yosemite and folks from 
areas where maybe horse use is more tradi
tional and a little better accepted. 

I want to underscore and try to draw out 
some implications from a very important point 
that I think you made. It is somewhat along 
the same lines of Tom Dean's comments yester
day about the fact that a great deal of our 
trail systems are the legacy of an earlier 
era. They were built for different purposes, 
with very little sensitivity to recreational 
experience and very little sensitivity to 
impacts. 

In many of the National Forests, our 
trail system was built in the early part of 
this century as an administrative transporta
tion system primarily for fire control using 
horses and mules for travel. At one time we 
had 150,000 miles of trail. Nobody was 
thinking about trying to make these trails a 
recreational experience. There was very 
little sensitivity and probably very little 
knowledge base for putting these trails on 
the most durable sites with grades and drain
age designed to minimize impact. The miles 
of trails have decreased to 97,000 with about 
one-third inadequate. Consequently there is 
a tremendous challenge and task ahead of us 
to reconstruct and relocate these trails. 

The chief of the Forest Service made a 
committment at the 1976 Appalachian Trail 
Conference that I would like to see reaffirm
ed. In essence, he said the Forest Service 
has a goal of 120,000 miles of trail by the 
year 2020. 

There are going to be problems in ob
taining funding for building trails. Other 
people have referred to the tax cutting mood 
in the country. On the other hand substan
tial programs are aimed at creating employ
ment opportunities for young people, Youth 
Conservation Corp (YCC) and Young Adult Con
servation Corps (YACC). Maybe these programs 
are available for new trail construction and 
relocation. The point of this is, are we 
going to do any better than we did before? 
Are we going to evaluate soils, assess the 
vegetation, and better located trails? Are 
we going to use the abilities of social 
scientists and design skills of landscape 
architects to maximize the recreation oppor
tunities of the trail systems. I think we've 
got to keep this uppermost in our minds. 

Comment: I'd like to ask whether you consi-
der the separation of foot traffic--hikers 
and backpackers--from horsemen. 

Flick: There might be some locations where 
you would not like to put a horse trail, 
where foot traffic could go due to the condi
tion of the soil, the wetness, or something 
like that. I don't think we can afford to 
deliberately say "we're going to build a 
horse trail here, we're going to build a 
horse camp here, and a hiking trail here and 
a hiking camp there." I don't think that's 
necessary. This reminds me of a little story 
I heard. A hiker and horseman met on a trail. 
The hiker said "I don't like to follow these 
horse trails because I don't like to step in 
the manure." The horseman replied, "the 
smart people step over it." 

Comment: What is happening with new member
ship in horse groups? Are they younger 
people? Is your membership growing and 
should we expect to see a lot more horses on 
the trail? 

Flick: I think the membership is increasing 
because I get phone calls all the time. 
Trail riding is increasing very rapidly, and 
there are many families that are doing trail 
riding. They own several horses so that the 
family can ride and camp together. Horse use 
is growing and the young people are partici
pating. 
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Comment: I'd like to ask you a question 
about the months of use of riding. We found 
in hiking, people used to hike mostly in the 
summer months--the three summer months, but 
now they are hiking earlier and later in the 
season. Could you give us a feeling for the 
distribution of use through the year and 
whether this might be related to how in some 
months you prefer low elevation trails 
similar to hikers. 

Flick: I'm very happy that you asked that 
question. Yes, the riding season is becoming 
longer and longer every year. Now, we're 
trying to develop lowland trails close to 
metropolitan areas for the people who have 
horses in the low lands. That's one reason I 
spoke of the Crescent District. The Crescent 
Lake area can be used into October and maybe 
November. Of course, some areas need more 
lowland trails and trails close to metropoli
tan areas. 

Grand Fir 
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RESPONSIBLE OFF-ROAD/OFF-HIGHWAY VEHICLE USER IMPACT ON WILDLANDS 

Garrell E. Nicholes, President 
Garrell E. Nicholes Associates Incorporated 

The People Planners 
Professional Recreation Planners 

Salt Lake City, Utah 

ABSTRACT--In planning for these vehicles, consideration must be 
given to recreation variables such as fellowship, aesthetics, his
torical empathy, and an orientation to nature. Different levels of 
activity are discussed, including the initial learning experience, 
play recreational trail, and competitive experiences. Governmental 
agencies must develop implementation programs which recognize all 
of these experiences, and coordinate the location of facilities and 
activities with user groups so as to minimize conflict and impacts. 

Recreation activity is a highly indivi
dual way of life for participants; some hunt, 
others fish, ride bicycles, snowmobile, play 
tennis, cross-country ski...in fact the list 
can go on and on. Not only do people partici
pate in different activities, they also par
ticipate in the same activity in different 
ways. Some cross country ski, others prefer 
down-hill skiing and still others may hunt 
big game allowing their counterparts to go 
after waterfowl. Some prefer quiet solitude 
outdoor recreation while others seek the ex
hilaration of motorized equipment. This pa
per deals with two forms of motorized recrea
tion: off-road vehicles (ORV), those that 
make unrestricted use of resources such as 
play areas, competition facilities and cross
country travel but do not use roads or 
trails; and off-highway vehicles (OHV), mo
torized vehicles that use lineal corridors, 
e.g., graded and ungraded dirt roads or two-
wheel trail paths. 

To pursue the subject of "Responsible 
Motorized Vehicle User Impact on Wildlands", 
it would be helpful to know the activity 
preference profile of the group to whom I am 
speaking. Can I have a show of hands as to 
how many consider themselves motorized ve
hicle users? It appears there are about 15 
to 20 people in the room that consider them
selves motorized vehicle users. That would 
leave approximately 100 to 150 that do not 
utilize or have a personal working relation
ship with a motorized vehicle in a wildlands 
outdoor recreation experience. This show of 
hands is important because I have a slide 
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presentation that will attempt to clarify how 
the motorized vehicle (4-wheel drive, snow
mobile, dune buggy, multi-wheel ATV and mo
torcycle) provides a recreation experience in 
different ways in a wildland resource. 

Whether one considers himself or herself 
a motorized vehicle user in the wildlands 
experience depends on how one defines impact 
and utilization of a motorized vehicle. 
People participate in a recreation activity 
because they seek social experiences and/or 
physical engagements and/or psychological 
encounters. I will emphasize that these 
motivators relate to all active/passive rec
reation activities. This means that on a 
continuum of 1 to 100 an individual may sit 
in his home, at the least extreme of recrea
tion activity, and watch television. At the 
maximum extreme of activity he may seek and 
find the most difficult of rockclimbing ex
periences that will satisfy his subjective 
need for recreation. Within the realm of 
these motivators, the individual is looking 
for meaningful stimuli as: (1) fellowship 
with others; (2) aesthetic opportunities; (3) 
historic empathy] (TJ to" orient oneself to 
nature. As a professional recreation psy-
chologist, I utilize these general categories 
of recreation participation to research, plan 
and implement opportunities. One area of my 
professional activity in the last few years 
has been researching, planning and imple
menting problem/solution models for the off-
road/off-highway vehicle phenomenon. 

The question is often asked in my plan-



ning efforts, what does it mean to give an 
experience equal to the recreator's anticipa
tion? To answer that question, it is neces
sary to understand the particular recreator 
that one is planning for. If he or she is a 
solitude outdoor recreation participant, it 
is just as necessary for a planner and land 
manager to understand why this recreator par
ticipates as it is to understand why the 
motorized recreation vehicle participant 
recreates in his activity. 

The motorized vehicle recreator's 
reasons for participating in his recreation 
activity can be clarified by first defining a 
few concepts. Motorized vehicles fall into 
four basic categories: the four-wheel drive, 
the dune buggy, the multi-wheel or track ATV 
(snowmobile) and the motorcycle. Please ac
cept on faith at this time that the motiva
tion concepts of fellowship, aesthetics, his
tory and nature also play a major part as to 
the reasons for vehicle use these enthusi
asts. For practicality of this discussion, I 
focus on the motorcyclist as he participates 
in his sport. 

There are principally five basic areas 
of use and activity in which the motorcyclist 
participates when he is active in his sport. 
The first is road riding. Because we're 
dealing with a wildlands environment, I will 
exclude this activity from the discussion. 
When the user first purchases or becomes 
acquainted with the motorcycle he has to 
learn how to manipulate the equipment. This 
is a learning experience. From the learning 
experience the individual usually advances 
into a play activity where the fun and enjoy
ment comes from the exhilaration he attains 
from being able to successfully manipulate 
the vehicle to do what he wants it to do. The 
rider can also participate in unstructured 
competition opportunities. 

When he becomes so exceptionally good at 
manipulating the machine that he feels supe
rior to those with whom he associates in 
unstructured competition activities he will 
usually move to a structured competition ex
perience. He will usually remain in that 
activity until either abilities are tested 
with seldom success, or age, accidents and/or 
a revised life style priority makes it man
datory for him to leave competition for a 
less demanding activity. 

This reevaluation will place the enthu
siast back into a play experience or displace 
him to the recreational trail experience. A 
play experience is defined as an activity 
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where the motorcycle provides the fun and 
enjoyment through the exhilaration the parti
cipant receives from the play. A recrea
tional trail experience is defined as uti
lizing the equipment as a tool of transporta
tion to enable the recreator to participate 
in another form of outdoor recreation, e.g. 
backpacking, fishing, sightseeing, rock-
hounding, photography, etc. 

Unfortunately, the historical stereo
typing of the motorcyclist has given him a 
black jacket image in the mind's eye of those 
who do not participate in the sport, and/or 
have personal negative experiences or have 
relied on the negative interpretations of 
others to formulate their own mind's eye 
perception of this motorized vehicle partici
pant. In actuality and in most instances the 
play experience and the structured competi
tion are the two activities that are most 
visual and audible to the observer, in all 
environments. 

I think it is important now to make a 
distinction between off-road and off-highway 
vehicles. Off-road vehicles, (ORV), utilize 
a resource in an unstructured pattern. Some 
of the areas that can be labeled ORV use 
areas are: play parks, competition facili
ties, cross-country travel not utilizing 
roads or trails; and off-highway vehicle 
(ORV) utilizes lineal corridors such as 
graded dirt roads, ungraded roads, trails, 
paths, etc. 

I want to emphasize that it is necessary 
for the non-participant to understand the 
difference between ORV and ORH use and how 



these uses relate to resource capabilities. 
It is increasingly necessary for the land 
planner and manager to be aware of the types 
of use that the participant is engaging in, 
and be fully competent to identify those land 
resources that can sustain that type of use. 
With this recreator's subjectivity of recrea
tion choice, it is also necessary that the 
motorized vehicle participant be aware of his 
patterns of use, be able to appreciate and 
become responsible in pursuing his activity 
as that activity relates to the land resource 
that he is utilizing. 

In summary, those areas that are desig
nated "play" and "competition" areas should 
be planned and maintained to support that 
type of use. Those areas that are designated 
"recreational trail riding areas" should be 
planned and maintained to support recrea
tional trailriding. Remember: a play ex
perience utilizes the machine as the recrea
tion activity in and of itself, for the ex
hilaration the participant derives from the 
activity. A competition experience utilizes 
the machine to obtain the exhilaration de
rived from the activities of the event and 
its competitive encounters. 

The recreator who participates in the 
recreational trail experience utilizes the 
machine less for physical handling purposes 
and places increased importance on the activ
ity variables of fellowship, aesthetics, his
torical interpretation and identification 
with nature. Some motorized vehicle partici
pants do not conform to the above model and 
elect to displace play and competition to a 
recreation trail experience. The first tac
tic for eliminating displacement would be 
better communication, cooperation and coor
dination among non-users, users, and public 
planners and land managers. A better commu
nication could be promoted if non-vehicle 
users would seek lines of communication with 
vehicle enthusiasts. A plan of action could: 
(1) devise meaningful resource inventory and 
demand research to set standards and defini
tions that put in proper perspective the 
needs and desires of the motorized vehicle 
participant; (2) seek the enactment of re
sponsible legislation and regulations to pro
vide money, programs and competent personnel 
to carry out positive solution-oriented pro
grams dealing with motorized vehicles. May I 
emphasize that it is necessary to set realis
tic physical resource management standards 
and establish fair and meaningful laws, re
gulations, enforcement policies and penal
ties; (3) an educational program to teach 
users an awareness for the environment, other 

users of the resource and their own safety as 
they travel within the resource. 

The greatest hurdle the non-participant 
has to overcome in the communication process 
is to recognize the motorized recreator as 
pursuing a legitimate form of outdoor recrea
tion. At this time I see very little plan
ning and management being done throughout the 
United States on public lands for the recrea
tional motorized vehicle participant. This 
sport is not diminishing. Motorcycle sales 
for off-road and combination off-road/on-
road vehicles are increasing at about 500,000 
units per year. This activity is here to 
stay. Therefore, it is necessary to provide 
an implementation program to solve existing 
problems and develop compatible opportuni
ties. May I suggest the following priority 
of problem/solutions: 

1. Youth plan areas in an urban environ
ment. 

2. Urban play and unstructured competi
tion practice areas. 

3. Regional competition areas. 

4. Statewide trail systems. 

This priority system is suggested to 
alleviate some of the problems that now exist 
in the urban environment with high population 
of both people and ORV capable vehicles. 
This problem/solution format can then be 
transferred to the wildlands environment. 
Planners and land managers should provide a 
balanced program for accomplishment of the 
above priority suggestions to eliminate ad
verse impact on the urban and wildlands en
vironment, as one affects the other. 

Let me give you a few examples of 
successful planning and implementation. The 
state of Washington has developed excellent 
legislation which provides money and per
sonnel to carry out a statewide Department of 
Natural Resource program. Today "use areas" 
in this state are being developed with user 
money to take the rider off private property 
and away from residential areas. They are 
constructing an environment for this 
recreator where he won't be in "conflict." 

The state of Utah has developed an in
ventory methodology that identifies trails 
and areas of signifcant use by motorized 
vehicles. This information is allowing them 
to analyze and better plan for this recreator 
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as he interacts with the environment and 
other users of a resource. Over 12,000 miles 
of trails have been identified in that state 
where these recreators can participate in 
their sport. 

May I again recommend and encourage a 
communication, cooperation, and coordination 
attitude on the part of public and private 
land managers, non-users and the enthusiast 
to work out viable solutions to existing 
problems. 

DISCUSSION 

Comment: Should we encourage the use of 
motorized recreation in natural resource 
areas? 

Nicholes: As I've studied various types of 
outdoor recreation activity from the per
spective of motorized vehicles vs. non-mo
torized recreation, I find that there is 
opportunity to provide motorized recreation 
in natural resource areas. It depends on the 
type of natural area we are talking about and 
the use that the resource can sustain, i.e., 
play, competition, or a recreational trail 
experience. 

It really comes down to understanding 
motorized vehicles and how they are used. I 
would recommend that if there is a recreation 
activity conflict between two uses then the 
two groups get together and work out alterna
tive possibilities for the utilization of a 
particular resource. 

Comment: I don't deny for one moment that 
riding a trailbike would be a most exhil
arating experience. I haven't done it 
myself, but I haven't the slightest doubt 
that your point is very valid. Trap shooting 
is exhilarating, so is the bow and arrow, so 
is doing anything and everything that we are 
skilled at. So is dancing. The problem 
really comes down to when two exhilarations 
meet and they are not terribly compatible, 
what then? Let me give you an example. When 
hiking up a trail and one's own children get 
splattered with mud from a motorcycle that 
thoughtlessly passes. This is where the 
antagonism develops and you have not in fact, 
addressed yourself to this problem and that's 
in fact where the problem lies. 

Nicholes: I don't know if I can answer your 
question on particularly being splattered 
with mud, on a specific trail or by a specif
ic motorcycle. In the first place, don't 

condemn all motorcycles or their riders be
cause you were splattered with mud by one or 
two who you don't know and I don't know. 
There are responsible motorcyclists as there 
are responsible hikers. There are irrespon
sible motorcyclists as there are irrespon
sible hikers... I believe it's again the hiker 
and the biker getting together and communi
cating to work out programs of alternatives 
that will meet both of their needs in a 
specific wildlands resource. It very well 
may be that there is no compatibility on a 
trail for a walker or a hiker and a motor
cycle, but each trail needs to be studied and 
each circumstance needs to be reviewed by 
both of the participants of that sport as 
well as the land manager who supervises the 
resource to accomplish solutions. Other than 
communication, cooperation and coordination, 
I don't know if I have an answer to your 
specific question. 

Again, thank you for this opportunity 
that you have given me to talk to you this 
morning. Let me emphasize one thing before I 
close. Problems relating to conflict of the 
environment and conflict with other resource 
users and the safety of the recreator can be 
overcome and are being overcome by those who 
are willing to sit down and discuss in an 
open and rational manner alternative solu
tions. When that happens in relationship 
with the "land manager", the "environmen
talist" and the "motorized vehicle partici
pant" we will start seeing solutions to the 
problems that now exist. 
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HUMAN IMPACT INVENTORY AND MANAGEMENT IN THE OLYMPIC NATIONAL PARK BACKCOUNTRY 

Edward Schreiner 
Biological Technician 

Bruce B, Moorhead 
Research Biologist 

Olympic National Park 
Port Angeles, Washington 

ABSTRACT--The Human Impact Inventory System in Olympic National 
Park was developed to meet park managers' requirements for an ex
tensive, repeatable survey of impact in the backcountry. The 
method uses 8 x 10% inch "keysort" cards that allow data analysis 
with or without the use of a computer. The parameter of impact 
found most useful is the area of soil exposed by trampling and plant 
reduction at campsites. 

Attempts have been made to delineate relationships between 
visitor use, trampling impact and ecological patterns. Data pre
sented show a positive correlation between human impact and over-
story cover percent. Red alder communities exhibit the least 
impact and silver fir-western hemlock communities the most. It is 
apparent also that patterns exist within specific camp areas which 
must be managed on an individual basis. Two examples are given. 

Some practical findings in campsite restoration attempts are 
offered. A zoning approach is suggested to clarify decision-making 
about camp areas. Positive rather than negative sign messages are 
recommended for interpreting management actions on-site to the 
pub!ic. 

INTRODUCTION 

The majority of investigations con
cerning the effects of human impact on 
natural and semi-natural ecosystems describe 
the response of vegetation, soils, and 
animals to trampling. Human trampling re
sults in varying degrees of plant-cover loss, 
soil compaction, erosion, changes in animal 
and plant community composition, and in
vasion by weedy plant species. Details of 
these and other changes are available in the 
literature (see Papamichos 1966, Dale 1973, 
Speight 1973, Schreiner 1974, Liddle 1975, 
and Hartley 1976). 

Burden and Randerson (1972) delineate 
two major types of human trampling studies: 
first, investigations that describe eco
logical changes with time; second, studies 
that examine existing conditions, where 
trampling is assumed to be in equilibrium 
with the biotic community. A third category 
includes studies where trampling is sim
ulated by controlled walking or with an 
artificial "foot" (Schreiner 1974). Except 
for the work of Bratton et al (1978), how

ever, these lines of inquiry describe the 
results of tampling, but do not provide a 
direct basis for management. 
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Managers of natural and semi-natural 
areas initially require information that is 
less specific than most such studies provide. 
It is more useful for a manager to know the 
location, magnitude and patterns of human 
impact for example, than to know the biomass 
of invading species or the density of com
pacted soils. Thus, much of the impact 
information obtained to date is more suitable 
for "advanced" rather than initial phases of 
management. 

An ideal management-oriented study of 
impact would begin with a survey that deter
mines the scale and location of impact. 
Then, depending on the management policies 
and goals, the investigators could examine 
changes in impact with time, inter
relationships between site factors and 
visitor use, methods of prediciting impact, 
the ecological role of weedy species, and 
changes in the patterns of plant succession. 
With respect to plants, an additional step 
might be to examine reproductive strategies 
following Harper (1978), and adaptive-
competitive strategies as described by Grime 
(1977). These latter types of plant study 
would greatly assist site revegetation 
efforts, where species selection, mod
ification of successional trends, and site 
hardening are important. 

METHODS 

The Human Impact Inventory System used 
in Olympic National Park was developed to 
meet the management requirements for an ex
tensive survey of impact. At the same time 
we made initial attempts to delineate re
lationships between visitor use, impact, and 
ecological patterns. Specific study ob
jectives were: 

1. To inventory backcountry campsites and 
human impact over a large area (about 
370,000 ha); 

2. To design a system requiring a minimum 
of special knowledge to use it; 

3. To provide a means by which impact 
could be remeasured in the future; 

4. To provide a data base for determining 
patterns of visitor impact and site 
factors; 

5. To develop a system where analysis did 
not necessarily require computers. 

The inventory method uses 8 x 10% inch 

"keysort" cards with holes along the margins 
for needle-sorting information. Six cate
gories of data to be collected are printed on 
the cards (Figures 1 and 2). One card is 
filled out for each campsite. Where a group 
of campsites occur together at a backcountry 
"camp area" there will be several cards. 
Information about impact patterns, vege
tation, and campsite features is available 
either through needle-sorting the cards or 
via computer analysis. The cards follow the 
Code-A-Site system (Hendee et al. 1976) in 
concept, but allow for more detailed impact 
and ecological information. 

PROCEDURES 

Initially, each camp area and its camp
sites is mapped using a hand compass and 
pacing survey. These maps are subsequently 
used to orient new backcountry personnel, to 
monitor trail and campsite formation over 
time, to record visitor use, and to relocate 
campsites for periodic remeasurements of 
impact. This map-making process fa
miliarizes an investigator with the overall 
camp area and ensures a systematic recon
naissance of the area. 

The main parameter of human impact we 
use is the quantity of bare ground (exposed 
soil) at each campsite. It provides a quan
titative measure of the visible stages of 
impact described by Frissell (1978). We feel 
that the amount of bare ground present serves 
as indicator for other changes resulting from 
visitor use, such as soil compaction, soil 
erosion, vegetative cover loss, potential 
water pollution, and amounts of garbage at 
the site. The works of Frissell (1978) and 
Bratton et al. (1978) support this statement. 

Bare ground is obtained by measuring the 
distance to the first live plant on line in
tercepts radiating along eight points of the 
compass from the campsite center. The 
average of these eight lines is then used as 
a radius and to compute bare ground area as a 
circle. We also count the number of trails 
entering each campsite (social trails) and 
the number of trampled depressions around 
trees from tethered horses (horse pads). 

Forest canopy structure and composition 
are obtained by estimating percent overstory 
cover and average tree height for each site 
as well as relative cover and height by 
species. Ocular estimates are made for over-
story cover in classes of 20% by standing in 
the center of the campsite and looking 
straight up. Understory and meadow vege-

204 



Figure 1. Front side of the Human Impact Inventory Card 
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Figure 2. Back side of the Human Impact Inventory Card 
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tation species are ranked in order of 
importance. An estimate of the maximum snow 
depth at a campsite is obtained following the 
method of Long (1976), where the lowest 
height of uniform lichen cover down tree 
stems is measured. This is relatively easy 
to obtain in some cases, but where lichen 
cover is sparse it is not a good index. 
Estimates are limited to a shaggy green 
lichen, Allectoria sarmentosa, and a similar 
black lichen of unknown species. Percent 
gravel and average gravel size are also 
estimated for each campsite. 

Several other parameters that were 
measured are not discussed in this paper. 
They are management related and include: 
Campsite densities, visitor attractions and 
potential activities, distance to water, 
water form, site history, and condition of 
toilets and any structures. Past management 
practices, future management recom
mendations, and a site map are also placed on 
the cards. The map of each campsite is drawn 
on either a 1 x 1 meter or 2 x 2 meter grid. 
This map serves as a baseline for the size of 
the bared area, the location of social 
trails, downed logs, and the point used as 
the center of the campsite. 

Most of our data analysis has been 
accomplished with the CDC 6400 computer' at 
the University of Washington. A listing of 
the computer program is available on request. 
We have also tested the use of the needle-
sorting method and found it generally 
satisfactory, although it does not allow a 
sorting of plant information by species. 

Our main statistical tool has been the 
Kendall Rank Correlation Coefficient using 
the SPSS Statistical Package developed at 
Vogelback Computing Center, Northwestern 
University. Both within-area and between-
area correlations have been obtained. 
Between-area correlations were run on data 
averaged for the camp areas involved. 

RESULTS AND DISCUSSION 

Between-Area-Corre1at i on s 

Correlations based on data averaged for 
each camp area appear in Table 1. Except for 
distance to the nearest trailhead, the co
efficients are stronger with mean bare ground 
radius than with total bare area. This is 
probably because the bare radius describes an 
average campsite condition, while total bare 

Table 1. Kendall Correlation Coefficients between trampling impact and site parameters 
at camp areas in the Olympic National Park Backcountry. 

Parameter Ti 

Elevation 

Distance to Nearest Trailhead 

Lichen Height 

Percent Canopy Cover 

Percent Gravel 

Gravel Site 

Number of Overstory Layers 
(strata) 

Tree Height 

otal bare area 

.05 

_ 22** 

.55* 

.29** 

.05 

.05 

.08 

.07 

Mean bare radius 

-.06 

-.19* 

.49* 

.43** 

-.11 

-.11 

.10 

.26** 

Number of 
camp areas 

66 

66 

11 

66 

66 

66 

66 

40 

** Significant at .01 
* Significant at .05 
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area is the sum of bare ground present for 
all campsites at a given location. Mean bare 
radius could, for example, be identical at 
two areas with 20 and 10 campsites each. 
Total bare area, however, could be an order 
of magnitude or more greater since area = r2. 
The fact that correlation with distance to 
the nearest trailhead is better for total 
bare area rather than mean bare radius may 
simply indicate more campsites per camp area 
closer to the trailhead. 

The strongest relationship is between 
canopy cover percent and either total bare 
area or mean bare radius. This shows that 
where bare ground impact is greater, so is 
canopy cover. Since canopy cover is less in 
subalpine forests than continuous forests at 
lower elevations, this result is contrary to 
the popular belief that the subalpine zone is 
more subject to impact than lower elevations. 

Elevation does not exhibit a strong re
lationship with either bare ground para

meter. In part, this is an expression of the 
range of ecological conditions found in 
Olympic National Park. The Olympic Peninsula 
is subject to orographic influences that 
locally vary the climate and vegetation from 
east to west and north to south (Fonda and 
Bliss 1969, Kuramoto and Bliss 1970). Thus 
at 1240 m elevation, the west side of the 
park can have subalpine forests and the east 
side continuous montane forests. 

Within Camp Area Correlations 

Results from bare ground comparisons 
made within individual camp areas indicate 
that, while patterns do exist for some 
variables throughout the park, each camp 
location must be examined separately. Table 
2 shows correlations between bare ground 
radius and percent canopy cover. Note that 
correlations are not consistent: some are 
strongly positive, two are negative and 
several are weak. 

Table 2. Kendall Rank 
canopy cover 

Correlation Coefficients between bare ground radius and percent 
at selected camp areas in Olympic National Park. 

Correlation Coefficient Significance 
(alpha) 

Subalpine Areas 

Morganroth Lake 
Lunch Lake 
Deer Lake 
Hoh Lake 
Clear Lake 
Anderson Pass 

Montane Areas 

Flapjack Lakes 
Honeymoon Meadows 
Lake Constance 

Lowland Areas 

Sandpoint 
Olympus Guard Station 
Li 11ian River 
Stony Point 
Hayes River Station 

Park Wide - between areas 
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.43 

.47 

.31 

.25 

.41 

.59 

.19 

.81 
-.37 

-.36 
.32 
.11 
.75 
.37 

.43 

.03 

.005 

.02 

.21 

.24 

.09 

.37 

.001 

.07 

.003 

.08 

.59 

.04 

.14 

.001 



One key to accurate camp area management 
is obtaining a good understanding of these 
local patterns. Olympus Guard Station and 
Deer Lake serve as good examples. 

Olympus Guard Station is a low ele
vation (200 M) camp area with an open grassy 
meadow and several different aged stands of 
red alder (Alnus rubra). Overall it is best 
described as an alder flat (sensu Fonda 
1974). There is a fairly strong correlation 
showing greater bare ground with greater 
overstory cover. Visitor use tallies, how
ever, indicate that most people camp here in 
sites with less canopy. Therefore, fewer 
people are associated with greater impact 
under the denser forest canopy. 

Starting in 1975, at Olympus Guard 
Station people were allowed to camp along the 
meadow edges, where no camping had previously 
been permitted. People were not, however, 
allowed to build fires in the meadow. Obser
vations to date indicate that no new bare 
areas have appeared in the meadow. It is 
hoped that in the long run this will reduce 
overall bare ground present by reducing 
visitor use in the more sensitive areas of 
heavier forest canopy. Visitor satisfaction 
may also be increased, since there is an 
apparent preference for the more open camp
sites. 

There are several tentative reasons why 
the silver fir zone is most sensitive to 
visitor overnight use. First, visitor use 
begins in this zone by early July when plants 
are most sensitive to trampling. Soils tend 
to be saturated and plant phenology is at an 
early stage (just leafing out). Both factors 
are known to contribute to greater sens
itivity of plants to trampling. Second, we 
have observed that sensitive, herbaceous 
species such as avalanche lily (Erythronium 
montanum) are a major understory component. 
Third, understory vegetation roots tend to be 
in the upper duff layer rather than in 
mineral soil (C. Grier, University of 
Washington. Thus one might expect these 
roots to be more subject to trampling damage, 
since they are close to the surface. 

Further work about impact pattern and 
plant community types should examine the role 
of successional stage, species diversity, 
and overall plant form. Long (1977) and Long 
and Turner (1975) present successional 
patterns for species diversity and under
story biomass, respectively. Peaks, 
valleys, and trends are evident in their 
curves. It may be that tramplings impact 

then reflects a lower initial understory 
biomass, or differences in the dominant plant 
form associated with a particular succes
sional stage. For example, Long and Turner 
(1975) show decreasing understory biomass 
with advancing successional stage and Grier 
(personal communication) has data for a 36-
year-old Douglas fir (Pseudotsuga menziesii) 
stand where the understory component is 
absent. In addition, Cole (1979) points out 
that there seems to be a relationship between 
a species' shade tolerance and suscep
tibility to trampling, with light-loving 
species least sensitive. In any case, the 
relationship between impact and successional 
stage may be important. 

Another example of how within-area 
patterns are useful is at Deer Lake, a sub-
alpine area (1000 m) with mountain hemlock 
(Tsuga mertensiana) and red heather 
(Phyllodoce empetriformis) communities 
interspersed with sedge meadows (Carex 
spectabilis and C. nigricans). The greatest 
impact is associated with heather sites, 
where coarse angular rocks occur at the soil 
surface, and where lichen heights are low 
(indicating earlier snow melt). With some 
reasonable success, we have started to re-
vegetate the sensitive heather sites and 
encouraging people to camp in the sedge 
meadows. In addition, a stoves-only reg
ulation has stopped most fire building. The 
net result of these actions, and the removal 
of two shelters, is a shift of use toward the 
sedge meadows, where no new bare ground has 
appeared to date. Some campsites exhibit 
vegetative recovery. 

Overstory Cover Type and Impact Pattern 

In an effort to further understand 
trampling impact and overstory cover 
patterns we have aligned the camp areas by 
canopy cover type. The cover types are pre
liminary and roughly approximate vegetation 
zones described by Franklin and Dyrness 
(1973). We are, however, including the Sitka 
spruce (Picea sitchensis) zone with the 
western hemlock (Tsuga IrJeterophyl la) zone. 
Forest cover types, impact data, and equiv
alent zones are listed in Table 3. At 
present, understory vegetation is not being 
used to make the types, but will be incor
porated at a later date. 

Stands that have most of the overstory 
cover composed of red alder exhibit the 
smallest total bare ground area and mean bare 
radius of any group. These areas also have 
the greatest visitor overnight use in the 
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park, with the exception of the Pacific 
Coastal Area. It would appear, then, that 
campsites under an alder canopy are least 
sensitive to visitor use. 

Several factors may contribute to the 
low sensitivity of alder stands to impact. 
First, the canopy is deciduous and the under-
story growing season starts earlier than in 
coniferous forests of similar elevation. 
Some understory species complete the greater 
portion of their life cycles before the 
canopy leafs out in May, and thus are setting 
seed before the heavy visitor use season 
begins in July. Second, alder flat 
communities in the Olympics tend to be 
dominated by grasses. According to Fonda's 
(1974) data along the Hoh River, many of 
these species could be classified as ruderal 
or "weedy" species. The resistance of these 
types of plants to trampling is well 
documented (Bates 1935, 1937; Burden and 
Randerson 1972; Dale and Weaver 1974). The 
early successional status (Franklin and 
Dyrness 1973) and high understory produc
tivity (Turner et al 1975) of alder stands 
could also be contributing factors. 

Camp areas that have a combination of 
large total bare area as well as the greatest 
mean bare radius occur in stands of mixed 
silver fir (Abies amabilis) and western 
hemlock in the silver fir zone. The low-to-
average visitor use at these locations (Table 
3) suggests they are quite sensitive to human 
impact from camping. Subalpine stands of the 

mountain hemlock zone contain campsites with 
the largest total bare area, but more or less 
average bare ground radii. We interpret this 
to mean that there are more campsites in the 
subalpine and not that this zone is more 
sensitive than the silver fir zone. 

Campsite Restoration 

From the results of our impact survey we 
have begun restoration efforts at some back-
country camp areas. We have used Student 
Conservation Program groups of 7 people to 
accomplish much of the work. Detailed 
results will not be discussed here, but some 
general findings are as follows: 

1. Moderate-to-large clumps of plants 
have a better survival rate for trans
planting than small seedlings. 

2. Mat-forming plants, grasses, sedges, 
and plants with runners have the highest 
success. 

3. Impact in heavy-use areas is minimized 
by concentrating use in sites dominated by 
grasses and sedges. 

4. Multiple trailing impact can be 
eliminated by reducing route-finding and 
searching activity. One trail is made 
obvious and easy to travel, while 
secondary and tertiary routes are re
stored and made difficult for travel. 
This is especially effective around lake 

Table 3. Overstory canopy characteristics, vegetation zones and bare ground at backcountry camp areas in Olympic National 
Park. Data represent averages for areas within each group 

210 

Dominant tree 

species 

Red Alder 
Bigleaf Maple 

Douglas Fir 
Western Hemlock 
Grand Fir 

Si lver Fit-
Western Hemlock 

Mountain Hemlock 
Silver Fir 

Subalpine Fit-

Vegetation 

zone 

Tsuga heterophylla (Lowland) 

Tsuga heterophylla (Lowland) 

Abies amabilis (Montane) 

Tsuga mertensiana (Subalpine) 

Tsuga mertensiana (Subalpine) 

Bare g 

rotal 

(m2) 

163 

378 

613 

666 

516 

round 

Radius 

(cm) 

217 

340 

497 

320 

299 

Cane 

Cover 

(5) 

64 

69 

69 

29 

26 

ipy 

Height 

(m) 

18 

27 

22 

17 

11 

Visitor 

nights 

1976 

1373 

597 

822 

958 

993 

Number 

of 

areas 

12 

16 

/ 

5 

9 



shores. 

5. Watering plants before transplanting 
(summer) seems to have a beneficial effect 
on survival. 

6. Jute netting is an' effective means of 
identifying sites where restoration is 
underway and helps to prevent subsequent 
raindrop compaction in tilled areas. 

CONCLUSIONS 

Hesketh of McBee Systems, Bellevue, 
Washington aided in the design of the cards. 
John Hendee, Roger Clark, Russ Koch, Mac 
Hogans and Dan Wood of the U.S. Forest 
Service Recreation Unit introduced us to 
Code-A-Site (Hendee et al. 1976) and 
assisted in the design of the Human Impact 
Inventory Cards. Bob Flewelling and Kevin 
McCarty collected much of the data on camp
site impact and the ranger staff of Olympic 
has assisted in collection of visitor use 
data. 

The data presented here show that there 
is a broad pattern between overstory cover 
percent of certain three species and human 
trampling impact as we have measured it. It 
is also apparent that patterns exist within 
specific camp areas and must be dealt with 
individually. In addition to individual site 
management, there are at least two other 
possible approaches to impact management. 

First, we could do better at inter
preting our actions. It is probably far more 
beneficial and effective to be honest with 
the visitor from the beginning. For example, 
explain why restoration efforts are under
way, and where alternative camping locations 
exist. Most signs we see are negative, 
stating "NO CAMPING" or something. Why not 
just "tel1-it-like-it-is" in a positive 
fashion? 

A second approach is to attempt a form 
of zoning. We probably all agree that some 
methods of site management are more appro
priate than others for a given set of circum
stances. This approach requires that we 
answer the question: "How much will we 
manipulate this site in order to minimize 
impact?" Coincidental ly one must determine 
the degree of naturalness appropriate for the 
area in question. For example, vehicle 
campgrounds might be seeded with exotic 
grasses without unduly sacrificing a suit
able degree of naturalness. In a national 
park or wilderness area, however, it is 
obvious that exotic grass seeding is not 
proper. Or is it? The point is that in order 
to establish an efficient program a clear 
decision must be made about management goals, 
degree of naturalness, and the limits of 
management zoning. 
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GUIDELINES FOR THE REHABILITATION AND PRESERVATION OF 
THE APPALACHIAN TRAIL SYSTEM USING THE PRINCIPLES OF LANDSCAPE ARCHITECTURE 

William G. King 
Associate Professor 

The Pennsylvania State University 
University Park, Pennsylvania 

ABSTRACT--This paper attempts to present significant findings of a 
student study of the Appalachian Trail System. The findings and 
process included are those the author considers most relevant to 
similar studies that may be undertaken in other areas of the 
country. Three principal types of recreation use are identified and 
their characteristics summarized. A planning strategy is outlined 
for preservation of the Appalachian Trail from public- or private-
sector development. 

HISTORIC BACKGROUND OF THE APPALACHIAN TRAIL 

The Appalachian Trail first proposed by 
Benton MacKaye in 1921 became a reality in 
1933. This trail system links Mt. Katahdin, 
Maine with Cotuma Mountina, Georgia, for a 
combined distance of 3,294 km (2,059 miles). 
Today this trail borders the greatest 
population concentration found in the 
eastern United States and it follows many 
paths established by Indians of the region 
and later used by American pioneers. Thus 
the Appalachian Trail represents a sig
nificant segment in the history of this 
country, as was recognized by the federal 
government in declaring it a national scenic 
trail in 1968. 

This trail system is located in the 
western edge of the Boston, Massachusetts to 
Washington, D.C. population corridor. The 
concentration of urban population within 
this regional area has created high recre
ational demand for all forms of outdoor 
recreational activity. These demands are 
further complicated by a general lack of 
public open space land areas in proportion to 
the population density. This is especially 
true of federal land holdings within the 
states east of the Mississippi River. In 
Pennsylvania for example, with the exception 
of the Allegheny National Forest the bulk of 
large land holdings available or potentially 
available for recreation are either state-
owned parks, game lands or state forests. 

OBJECTIVES OF THE APPALACHIAN TRAIL STUDY 

In 1976, the State Department of 
Community Affairs contracted with The 

Pennsylvania State University's Department 
of Landscape Architecture to undertake a 
study of the Commonwealth's portion of the 
Appalachian Trail and to develop guidelines 
for the trail's preservation. Action at the 
state level was precipitated by a rash of 
secondary home developments planned or under 
construction in the northeastern portion of 
the state where there is no legal basis for 
public ownership and because of this, the 
trail's existence continues at the whim and 
consent of numerous private property owners. 

During winter term of 1976, some twenty-
six senior design students undertook a ten-
week preliminary study of Pennsylvania's 
portion of this trail system. During spring 
term a smaller study group refined the pre
liminary findings into a final report that 
was subsequently published as a report 
titled, "The Appalachian Trail Guidelines 
for Preservation by the Pennsylvania Depart
ment of Community Affairs." The objectives 
of this study fall into the following broad 
categories: 

1. To study and evaluate ecological and 
environmental constraints relative to the 
utilization of the Appalachian Trail 
System as a recreational facility. Also, 
insofar as possible, to determine user 
trail interface conflicts and incom
patibilities and suggest corrective 
measures as necessary. 

2. To study all problems created beyond 
or associated with the development of 
private lands that threaten the continued 
existence of the trail system. Further to 
recommend strategies for local government 
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to protect and/or enhance the trail 
system. 

3. To identify problems and conflicts be
tween trail use and use as public recre
ational areas. Further, to recommend 
strategies to eliminate these conflicts 
and enhance both recreational activities. 

THE HIKING EXPERIENCE 

The students' preliminary studies in
volved a review of available literature in 
order to determine the hiking experience and 
demands of the typical recreational user. 
First and foremost, it was determined that 
the hiker desires to get away from the 
trappings and pressures of civilization. 
Their primary objective is for a simple trail 
without fancy "civilized" facilities and 
offering the peace and tranquility of a 
pristine bucolic environment. Shafer and 
Meitz's studies in hiker values, for example, 
found aesthetic and emotional experiences 
the more important values to the hiker. 
Physical experience was half as important and 
educational and social values even less 
important. 

To achieve these goals, the trail's 
location is important in that it must be able 
to provide a variety of user experiences. It 
should provide a variety of scenic exper
iences including variation in landscape, 
terrain, topography, geography, and flora 
and fauna to maximize user experience. 

The students broke down users by broad 
categories of hiking needs: 

The One Day Hike. The one day hiker de
sires a loop system with a trail of 
approximately 3 to 5 km (2 to 5 miles) in 
length. It can wind to include points of 
interest both natural and historic, and 
should return the user to the beginning. 
Supporting requirements include a de
sirable access point with adequate 
parking. A midday source of drinking 
water is desirable, but not essential. 

The Weekend Hike. The weekend or three-
day hike requires a longer trail system of 
approximately 16 to 24 km (10 to 15 
miles). Usually this can be a loop system 
returning the user to the point of be
ginning; however, it can also be linear if 
provision is made for drop-off and pick-up 
at logical and identifiable access 
points. The trail need not be a direct 
route, but should include more than one 

geographical environment. Here, a se
quence of natural or historic points of 
interest should be encountered. 
Supporting facilitates include adequate 
overnight camping sites, water supply and 
road access with adequate off-street 
parking for both the loop and linear 
systems. 

The Long Distance Hike. This trail must 
be linear and, insofar as topography per
mits, should also be direct. Points of 
natural and historic interest are still 
important, but not every area the trail 
passes through need be fully exploited, 
especially if this would be at the expense 
of increasing the distance. Exceptions 
may be made in unique situations, but 
always at the user's option. However, 
within the foregoing parameters variety 
in overall environment is still 
important. Location of overnight camping 
areas is most important, but is usually 
determined by reasonable proximity to a 
suitable water supply. Dispersal of camp
site locations can prevent possible or 
potential environmental impacts. 
Secondly, provision for trash disposal 
where the trail crosses roadways is 
important. Consideration should also be 
given to a logical system on a regional 
basis for mail pickup, telephone access, 
resupply of provisions and possible 
medical assistance. 

All three trail environments and hiking 
environments are both valuable and fragile. 
In areas where wilderness trails, like the 
Appalachian Trail, are being utilized by high 
demands, the volume of short-term users who 
create erosion, wear and litter can quickly 
destroy the wilderness experience for the 
long-distance hiker. In these areas of high 
recreational demands, attention should be 
given to other equally suitable trail systems 
to disperse the pressures over a much larger 
land area. Conversely in areas of lower 
recreational demand, these linear wilderness 
trails can be developed to provide a wider 
range of hiking experiences, depending upon 
the carrying capacity of the specific natural 
environment. Environments of an extremely 
fragile character (for example, marshy and 
alpine areas) require special attention in 
order to protect their sensitive natural 
uniqueness. Thus it is essential that the 
delicate balance be maintained between 
maximizing hiking opportunities and the en
vironmental carrying capacity of the eco
system. Overuse can destroy the natural en
vironment, which is an essential segment of 
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the hiking experience. 

Here in the eastern portion of the 
United States, recreational hikers must 
often share their trail with others who have 
a different idea of what constitutes a good 
trail experience. Snowmobiles, motorcycles, 
all terrain vehicles (A.T.V.s) and horses are 
frequently ridden on the hiking trail system. 
Motorized vehicles can and do a much greater 
damage to the trail environment and the 
hiking experience than do hikers and horses. 
Sound and odor pollution created by vehicles 
frighten wildlife, destroy the solitude of 
the wilderness experience, and impact the 
natural ecosystem. They should not be per
mitted in wilderness hiking trails. 

People today are doing more and more 
hiking, and wilderness backpacking is be
coming a major recreational activity. There 
is a need for more trail systems in order to 
accommodate the increased user demand but 
these trails must be related to the carrying 
capacity of the ecosystem. 

PRESERVATION STRATEGY 

In order to protect the Appalachian 
Trail from either private- or public-sector 
development, a trail protection strategy was 
developed by the student study group. This 
overall strategy included five major steps in 
two phases, as indicated by the following: 

Pre-Development Phase 

Conservation and Open Space Protection. 
Through the use of access and ownership 
studies, areas of potential future de
velopment can be delineated. Once the 
location of the growth areas has been de
termined, then local municipalities can 
move to protect the trails' environmental 
corridors. This can occur through the 
adoption of municipal land use controls, 
either zoning or land subdivision reg
ulations, or both. The protections de
rived from these techniques are 
applicable to any endangered lands. 

Development Phase 

Trail Environment Delineation. Based on a 
sliding scale, various minimum and 
maximum corridor widths were established 
from recreational uses as least intensive 
to industrial usage as most intensive. If 
the development conforms to these recom
mended corridors widths, proposed plans 
are given municipal approval. If proposed 

development does not meet established 
criteria, then these projects should be 
stopped through the natural resource vul
nerability screen. 

Natural Resources Vulnerability Screen. 
This includes a review of those natural 
elements normally included in an environ
mental impact statement. Among factors 
included are evaluation of vegetation, 
soil erosion, surface and ground water 
pollution, septic tank suitability, wild
life. Future developments may be stopped 
for failure to conform with established 
local and state standards or require
ments. 

Legal Solutions. This is an expensive 
approach but may be used for critical 
areas in order to protect the trail's 
integrity. It can include fee simple pur
chase, easement acquisition, purchase of 
development rights and/or condemnation 
proceedings. 

Design and Management Solutions. Design 
and management solutions may be nego
tiated with the developer. A cooperative 
approach can create a better design 
solution that will reduce potential 
impact on the trail corridor. 

A final solution to the problem of de
velopmental encroachment upon the trail may 
be to move its location. This should be con
sidered only as a measure of last resort 
since a continuous linear trail system is 
paramount to any trail linkage system. 

SUMMARY 

This paper has attempted to highlight 
significant findings and recommendations of 
a rather detailed study of a portion of the 
Appalachian Trail System. Those wishing to 
review this study in greater detail, may con
tact the Pennsylvania Department of 
Community Affairs, where a limited number of 
copies are available. The findings selected 
by the author were those that were felt may 
have application to similar studies under
taken in other areas of the country. How
ever, as indicated previously, the findings 
contained in the Appalachian Trail Study 
cannot be directly applied to other eco
systems. 

Finally, how does one measure the 
success of a study such as was undertaken? 
In the spring of 1977, Congress passed 
federal legislation authorizing the National 
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Trail Systems Act. The original legislation 
has authorized a maximum trail corridor of 61 
m (200 feet) wide with a maximum of 10 ha (25 
acres) per lineal 1.5 km (1 mile). The 1977 
Act increased the maximum corridor width to 
305 m (1,000 feet), with the land's holdings 
increased to 50 ha (125 acres) per lineal 1.6 
km (1 mile). We at Penn State have been ad
vised that the students' Appalachian Study 
played a role in achieving this increase in 
corridor authorization. 
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A SUCCESSFUL CAMPAIGN TO REDUCE TRAIL SWITCHBACK SHORTCUTTING 

Sandy J. Matheny 
Public Information Specialist 

USDA Forest Service 
Troutdale, Oregon 

ABSTRACT--This page presents a documentary of a successful, ongoing 
campaign to reduce switchback shortcutting on a high-use recreation 
trail in the Columbia Gorge. A history of attempts to stop 
shortcutting on the trail is presented, along with the start of the 
campaign and results of revegetation and education experiments. 

A PERSPECTIVE 

Seasoned hikers have long welcomed 
trail switchbacks as the most efficient way 
to travel over step terrain. Less energy is 
spent and less erosion occurs when one 
follows a zigzag route up or down a hillside. 
Less knowledgeable hikers often do not under
stand the longer route. If the trail above 
or below the switchback is visible, it be
comes a challenge to take the shorter route. 
Now, with the growing numbers of recre-
ationists, land managers are increasingly 
challenged to solve resource and safety 
problems caused by the shortcutters. 

A campaign to reduce the detriments of 
shortcutting recently began on a high-use 
recreation trail in the Columbia Gorge in 
north central Oregon. Columbia Gorge trails 
present particularly acute safety and 
erosion problems. The Gorge's picturesque 
cliffs are composed of Columbia River basalt 
which is very erosive, and the trails switch
back over steep unstable terrain. 

The problems are compounded by the 
volume of visitors who hike the Gorge trails. 
Easy freeway access and a quick, thirty-
minute drive from the Portland metropolitan 
area makes Multnomah Falls a center of 
attraction in the Columbia Gorge. At least 
100,000 visitors per year hike the 2 km (1.2 
miles) of trail for a spectacular view of 
Multnomah Creek plunging 19 dm (620 feet) to 
the rocks below. 

Some visitors choose to hike on the 
trail. Some choose a shorter route, even 
though the shortcut presents precarious 
footing and sheer dropoffs. Switchback 
shortcutting has resulted in severe resource 
damage over the 60 years of the trail's exis
tence. 

OREGON 

The bare, eroding hillsides are highly 
visible to thousands of hikers each year, but 
managers of the area have another major con
cern besides resource damage: the visitors' 
safety is in jeopardy. Shortcutters often 
send rocks rolling onto hikers below; indeed, 
the hikers themselves occasionally tumble 
down the hill. Traveling off the trail has 
resulted in numerous minor injuries and at 
least two fatal accidents over the years. 

There is a long history of attempts to 
stop shortcutting on the Multnomah Falls 
trail. Thousands of square feet of rock 
walls have been built along the trail and are 
still being constructed at major problem 
areas. They do not stop the determined 
shortcutter, however, and the cost to build 
them all the way to the top is prohibitive at 
this time. 

Barberry bushes were planted in a few of 
the shortcuts in the early 1960s. Some prog
ress is beginning to show after 17 years, but 
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the non-native shrubs have grown very slowly 
and many determined visitors still charge 
through despite the thorny barbs. As with 
the rock walls, hikers have sometimes ex
panded the shortcut by skirting the barriers. 

Shortly after the barberries were 
planted, $50,000 was spent to pave the entire 
trail to the top. The pavement has helped 
hold the trail in place but seems to do 
little to keep hikers on the trail. 

Signing was used over the years. 
Appeals for personal safety, such as "Please 
Stay on the Trail" were not effective. The 
standard wooden signs did not attract 
attention and lacked explanation. 

Uniformed personnel -began to patrol the 
trail on weekends. They talked to people 
about shortcutting and its detriments. Per
sonal contacts were by far the most effective 
means to deter shortcutting, but salary costs 
to contact every hiker was prohibitive. 

It became obvious a concerted effort was 
needed. Some safety hazards and a degree of 
resource damage may be acceptable in various 
public recreation areas. However, both re
source managers and a few concerned citizens 
felt a trail this popular warranted an all-
out, stop-the-trai1-shortcutting campaign. 

THE STOP-THE-TRAIL-SHORTCUTTING CAMPAIGN 

A Start - Summer 1977 

A stop-the-trai1-shortcutting committee 
met in June of 1977. A group of interested 
citizens and resource, trail and information 
specialists aired their concerns and brain-
stormed possible solutions. 

Information gathered before the meeting 
noted shortcutters to be of all ages. The 
largest percentage were 13-17 years old. 
Reasons to cut the trail ranged from re
leasing excess energy to racing a companion 
to the bottom. Over 90% of the visitors in
terviewed did not know the term "switchback", 
let alone the detrimental effects caused by 
shortcutting. Most thought they were on a 
trai1. 

From this somewhat scanty information 
and a wealthy background of trail experience, 
the committee devised a campaign. Objectives 
of the campaign combined revegetation with 
education. The committee felt revegetation 
would be futile without an education program 

to change visitor behavior. They also be
lieved education efforts would be much more 
successful if visitors could see some slope 
rehabilitation as soon as possible. 

The plan of action called for exper
iments to find solutions. Other plant 
species would probably grow better than bar
berry, but no attempts had been made. And 
other messages and types of signs would 
probably be read and heeded, but none had 
been tried. The committee felt prior 
attempts may have been steps in the right 
direction, but were not accompanied with an 
ongoing program. Plans were made for 
immediate action as well as long-range 
efforts. 

Though we could not plant the exper
imental revegetation site until fall, we 
could try different approaches to education 
immediately. As the information specialist 
for the committee, my primary task was to 
implement the committee's recommendations 
for educational experiments. 

Experiments in Signing. Visitor safety 
was one of the committee's major concerns. 
To appeal to the visitors' concern for their 
own safety, I felt the danger of injury or 
fatality would not seem imminent enough to 
keep hikers on the trail (past signing proved 
the point). I chose poison oak for an eye-
catcher. 

Similar efforts on some of our southern 
region forests reported success with a figure 
of a rattlesnake for an eye-catcher on signs. 
Poison oak abounds along the trail to the top 
of Multnomah Falls. One of the most effec
tive signs reads: "Stepping off the Pavement 
is no Joke, You may Land in Poison Oak." 

A shortcutting information bulletin 
board was installed near the beginning of the 
trail. The poison oak sign and others were 
posted immediately. 

Target Audience Education. Observations 
had shown the most frequent shortcutters to 
be 13-17 years old, and the Portland area 
schools were used as a nearby source of this 
target audience. 

Local sixth, seventh, and eighth 
graders were asked to participate in a trail 
shortcutting poster contest. Each school re
ceived a first- and second-place award and a 
grand prize winner was chosen from all 
entries. The winner and his school received 
a Woodsy Owl trophy and publicity in local 
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newspapers. The students' posters are now 
changeable displays on the shortcutting in
formation bulletin board. 

Mass Media. I contacted local TV news 
media to cover the campaign. Two local news
papers also ran more in-depth stories. To my 
knowledge, no visitors indicated they had 
been exposed to the coverage. Even though 
the media may reach large audiences, the 
effects appear to be short-lived and are not 
far-reaching enough for the changing 
Multnomah Falls visitors. 

Preparing for the Fall Revegetation 
Experiment. A plant ecologist studied the 
experimental revegetation site and made rec
ommendations for species suitable to the 
harsh site. The plants were ordered for 
delivery that fal1. 

Personnel prepared the area for re
planting. They laid down hemp matting and 
seeded grass to help stabilize the bare soil. 
A temporary fence was strung around the .10 
ha (1/4-acre) site and signs installed to 
explain the intended project. 

Fall and Winter 1977-1978 

A local Job Corps agribusiness class 
planted and fertilized $5,000's worth of vine 
maple, alder, Oregon grape and other—mostly 
native species. An estimated $6,000 was 
saved by utilizing crews from cooperative 
work programs. 

Summer 1978 

Another experiment was initiated over 
the 1978 summer season. Discussion with 
visitors showed there was a need for some of 
them to experience a challenge in the out-of-
doors. The trail at Multnomah Falls may seem 
highly developed to those who spend a great 
deal of time in the woods, but to others, it 
may be an adventure in the wilderness. 

Management decided to install a "legal" 
shortcut for those energetic individuals 
needing that challenge—a way to release ex
cess energy and stress. Railroad ties were 
installed on a major shortcut to give them a 
steep, but safe trail. 

There are no current plans to install 
more "legal" shortcuts. Visitors' reactions 
have been positive to date and the ties have 
also seemed to stabilize the slope without 
signing or replanting efforts; however, an
other heavy-use season is needed to determine 

their effectiveness. 

The start of the 1978 summer season 
proved the temporary string fence would be a 
major maintenance problem. Visitors often 
used the weak material like a handrail. How
ever, it was also observed that the fence 
provided a visual barrier and drew attention 
to the newly revegetated area. When the 
fence was down, a few would not notice the 
signs and start to use the shortcut area 
again. 

People were anxious to cooperate when 
they saw the fence and the signs explaining 
the efforts. Trail patrol also observed a 
decrease in shortcutting on the trail above 
the unfenced area. Many hikers stopped to 
comment favorably regarding the project. 

The effectiveness of the experiment in 
reducing shortcutting on unfenced, unplanted 
shortcuts prompted management to install a 
permanent fence around the revegetation 
area. Green sheep-wire fencing was attached 
to steel posts sunk in concrete to hold them 
on the rocky hillside. 

All signboards and signs were stan
dardized to reduce sign pollution. To retain 
flexibility of signing and minimize costs, I 
chose to keep the inexpensive plasticized 
paper signs. Chickenwire was attached over 
the face of the signs to protect them from 
would-be collectors. The experimental area 
had become a demonstration site: an edu
cational approach in itself. 

To measure success of the campaign, I 
noted visitors' comments indicating they had 
read the signs. Style of signs changed 
dramatically from the seasons before and 
their number had increased from 2 to 15. 
There were no comments of recognition the 
summer before the campaign. Visitors seemed 
to be influenced by the positive approach in 
the sign wording and often expressed enjoy
ment of the different poems and pleas. They 
were especially fond of the Burma Shave 
approach (Figure 1), with "Trail Saver"f0rits 
trademark. 

Another way to measure progress was by 
periodically counting shortcutters. Short-
cutting was reduced to zero at the exper
imental revegetation site and decreased on 
the unfenced shortcuts above the signed 
project. It seems when people understood the 
problem, most were willing to cooperate by 
staying on the trail. In some instances, 
visitors were observed policing each other. 
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Figure 1. The successful Burma Shave approach to signing at the revegetation 
site; with Trail Saver for a trademark. 

Visibility and readability of signs were key 
factors. 

The Future 

Now that the project is underway, lesser 

expenditures of dollars and energy will 
probably suffice in the future. Experimental 
efforts that have proven successful will be 
continued and cooperative work forces will be 
utilized when possible. Plans are to con
tinue utilizing the Job Corps agribusiness 
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class to transplant native species on the 
shortcuts outside the experimental site. A 
few more signs will be installed as more 
shortcuts are revegetated, but there are 
currently no plans to install more fencing. 

The combination of revegetation and 
education was one of the keys to progress on 
the stop-the-trail-shortcutting campaign. 
The positive and/or entertaining signs en
couraged visitors to cooperate once they 
understood the detriments of shortcutting 
and our commitment to correct it. They are 
easily able to see the difference between a 
planted and unplanted site. 

Another factor affecting the success of 
the campaign was committment by managers to 
make the program work. As I project an ideal 
picture, I see fully revegetated shortcuts 
all the way to the top. 

Educational methods and their focal 
points will probably change with experience, 
but some comittment will always be required: 
commitment from the growing number of know
ledgeable recreationists and commitment from 
land managers responsible for the fate of 
special places like Multnomah Falls. 

DISCUSSION 

Comment: At what target group should a cam
paign be aimed? 

Matheny: Past surveys indicated the largest 
percentage of shortcutters to be 13-17 years 
old. We went to the local sixth, seventh and 
eighth graders as a target audience to 
educate through a poster contest on trail 
shortcutting. The nearby Portland area was a 
ready source of students for our contest. 

Comment: Did you use poison oak in your re-
vegetation plantings? 

We've used poison oak on a number of pri
vately-owned campground sites and it's been 
quite effective. It is a hardy plant; grows 
quite well and holds soil effectively. 

Matheny: No, we didn't. We did not want to 
create more hazards for visitors. We did 
draw attention to "resident" poison oak as a 
deterrent to shortcutting. 

Comment: How long have visitors been short-
cutting switchbacks? 

Matheny: Shortcut areas have existed on this 

trail for at least 20 years. They have con
tinued growing in numbers and size ever 
since. 

Comment: Now that the one site is reveg
etated, would you expect the shortcutting to 
reoccur without the intensive education 
program? 

Matheny: Because of the audience we have, 
yes. Perhaps 80% of our people are visiting 
for the first time. The message needs to be 
there all the time. We utilize the signs 
because we can't be there to talk with lh 
million people every year. 

Comment: Is there a chance that once it is 
revegetated, visitors will find the easiest 
course of action would be to stay on the 
trail, even though they can see from top to 
bottom of the shortcut? 

Matheny: Yes, there is a chance. I don't 
think the problem on the unfenced revegetated 
areas above would stop without the edu
cational and experimental site below. We 
decided to experiment with revegetation so 
something visible would start happening 
immediately -not just signs to explain our 
efforts. A plot with just a fence around it, 
would take a long time to heal in these harsh 
soiIs. 

Comment: On how many shortcuts did you decide 
to buiId steps? 

Matheny: Just one. It was a yery long and 
narrow shortcut. The steps were one more 
type of experiment to deal with shortcutting. 

Comment: What percentage of your visitors are 
from out-of-state: 

Matheny: About 30% are from places other than 
Oregon and Washington. 

Comment: Is your railroad tie trail pretty 
heavily-used? 

Matheny: That was just installed towards the 
end of summer so we're still testing its 
feasibility. A couple of Scout groups said 
they really enjoyed it. 
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A HUMAN APPROACH TO REDUCING WILDLAND IMPACTS 

Jim Bradley 
Wilderness Specialist 

Eagle Cap Wilderness Area 
Wallowa-Whitman National Forest 

USDA Forest Service 
Joseph, Oregon 

ABSTRACT--Most impacts in wild areas are not caused maliciously. 
Damage results from a visitor's ignorance of good land ethics or his 
insensitivity to the consequence of his activities. Education can 
correct these deficiencies and change the visitor's behavior 
towards the land. Land managers must become warm, humanistic 
teachers that reach out to the public in a personal way. In the 
Selway-Bitterroot Wilderness of northern Idaho, the Nezperce 
National Forest has reduced impacts by educating the public in 
town, at the trailheads, and on the trail. 

FREEDOM AND WILDLANDS 

Wildlands, wilderness, and backcountry: 
to most people these three words are synon
ymous with a fourth one -- freedom. In the 
backcountry, people expect to find freedom. 
Here they hope to escape from the constraints 
of society and be spontaneous and unin
hibited. Often, however, they escape from 
the rules and regulations of town only to 
find mandatory permits, campsite closures, 
and travel restrictions. We land managers 
have turned to regulations to reduce the 
impacts left by visitors on the physical 
wildland resource. But have we created a new 
impact by our restrictions -- an impact on 
the wildland experience, a spiritual and 
mental resource? 

From 1973 to mid 1978, I worked for the 
Moose Creek Ranger District of the Nezperce 
National Forest in northern Idaho. Moose 
Creek administers 2227 Km2 (550,000 acres) of 
the Selway-Bitterroot Wilderness Area and is 
the only all wilderness ranger district in 
the U.S. Forest Service. With the exception 
of a few hundred acres, it lies entirely 
within the boundaries of the Selway-
Bitterroot. This Wilderness contains 5253 
Km2 (1,300,000 acres) and is the largest 
classified wilderness area in the United 
States. 

Like all western wilderness areas, the 
Selway-Bitterroot suffers from visitor 
impacts. As the garbage, erosion, areas 
denuded of vegetation, and violations of the 
Wilderness Act increased, we established 
regulations to solve these problems. Not 
only did the impacts on the land continue to 
increase, but the regulations themselves 
created new problems. We were forced to try 
a new, more human approach to wildland man-
agement--an approach that educates instead 
of regulates, persuades instead of decrees, 
and befriends instead of antagonizes. The 
resulting decrease in impacts has been 
dramatic. 

THE FAILURE OF REGULATIONS 

We discovered several reasons why 
regulations were ineffective, not only in the 
Selway-Bitterroot but in other wildland 
areas as wel1. 

1. Because of the size and remoteness of 
western wildlands, regulations are 
difficult to enforce. Most violators are 
never apprehanded. Those that are, quite 
often are not penalized by the sometimes 
unsympathetic federal court system. 
Compliance with regulations declines as 
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word gets around that nothing happens to 
violators. Regulations such as a permit 
system force us to give tickets to in
dividuals who are not damaging the land, 
but simply do not have the proper papers. 
When the permit is self-issuing, it does 
little to educate visitors on no-trace 
camping or to disperse them from over
crowded areas. When clerks or recep
tionists issue permits, they seldom have 
the time or training to devote to visitor 
education. 

2. Many of our wilderness regulations 
control personal not criminal behavior. 
Regulations on soaps, human waste, 
camping locations, and campfires are 
examples. Visitors who violate these 
regulations do so more from ignorance and 
lack of sensitivity than from malicious 
destructiveness. Changing people's per
sonal habits is more of a job for edu
cators than policemen. 

3. Instead of befriending the public and 
winning support for our policies, a purely 
regulatory approach antagonizes visitors. 
Americans resent government interference 
in their personal lives. Regulating lives 
in the wide expanses of a wild area may be 
one of the most aggravating interferences 
of all. Too many such regulations in a 
classified wilderness area violate the 
spirit of the Wilderness Act of 1964 which 
defines wilderness as having "a primitive 
and unconfined type of recreation." 

THE HUMAN APPROACH 

Today Moose Creek turns to regulations 
only as a last resort. Education has become 
our most effective management tool to reduce 
impacts. Most educational programs spon
sored by land management agencies are im
personal and use indirect methods such as 
brochures, signs, bulletin boards, and 
public service advertisements. The Moose 
Creek approach is a personal type of 
teaching. In all our contacts with the 
public, we include the human touch. We train 
all our employees to extend old-fashioned 
backcountry hospitality to people that visit 
their camps and stations; for example, 
offering free cups of coffee financed by 
donations from the crew. When ansewring 
inquiries from future visitors, we send 
original rather than form letters that 
include personal appeals to practice good 
camping ethics. But the key element of this 
program is.a cadre of our own employees who 
have become Forest Service teachers. They 

reach out through one-to-one contact or group 
presentations. We discovered that one human 
being communicating directly with others is 
the most effective way to change people's 
behavior in the backcountry. 

To gain understanding and support for 
our programs and the regulations we do have, 
we need to give visitors more than just a 
knowledge of what they are. They need to 
understand why. Once visitors know the 
reasoning behind regulations, compliance in
creases and the need for further restrictions 
lessens. Land managers are now allowing 
lightning-caused forest firest to play a more 
natural role in many wildland areas. The 
entire Moose Creek Ranger District is an 
example. The good results land managers hope 
to achieve with this and other controversial 
programs can be destroyed by the negative 
public reaction that results from lack of 
understanding. 

This human approach to wildland management 
has the objectives of: 

1) reducing the impacts of visitors; 

2) keeping regulations to a minimum; and 

3) teaching visitors the why behind the 
regulations we do have. 

EDUCATION AS A MANAGEMENT TOOL 

To accomplish these objectives, our 
teachers reach out to actual and potential 
wildland users at three areas-in town, at the 
wilderness portals (trai Iheads), and inside 
the wilderness itself. We teach four topics: 
low-impact or no-trace camping, the Wil
derness Act, the natural role of fire, and 
fire prevention. To keep our programs from 
promoting use of the wilderness and thus, 
increasing our problems, we do not: show 
slides of beautiful scenery; hand out maps 
and brochures; discuss in glowing terms the 
joys of the wilderness experience; or draw 
attention to a specific wilderness area or a 
spot inside a wilderness. Our messages apply 
to all wilderness and backcountry areas in 
general. 

In-Town Education 

Our records indicate that most of our 
visitors come from a handful of population 
centers. For example, over 50% of the hikers 
and horsemen entering the Selway-Bitterroot 
from the west come from three college towns 
in close proximity to each other - Pullman, 
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Washington and Moscow and Lewiston, Idaho. 
In these and other towns, we educate future 
wilderness visitors before they leave their 
homes. Our programs include talks at uni
versities and horse clubs, articles in news
papers and public service ads and interviews 
on radio and television. 

But our goal is to do more than just 
reach today's wilderness users whose 
attitudes are sometimes hard to change. We 
make a special effort to reach youth whose 
minds are still open. Our youth programs 
include presentations at boy and girl scout 
camperees, elementary schools, and the 
National Youth Sports Program. Sixth graders 
are one of the most receptive groups. These 
students are old enough to understand the 
difficult concepts of the Wilderness Act, but 
young enough to be enthusiastic and re
sponsive. Students in junior high and high 
school are not as eager to participate in 
discussions and group activities. In all our 
youth programs, we teach through discussion 
and physical activities rather than lecture. 
For example, we sometimes establish a wil
derness camp on a playground complete with 
tent, fire ring, ashes, wood pile, garbage, 
soap, and gear. The students must dismantle 
the camp and naturalize the site, erasing all 
trace that it was there. 

Our in-town program continues to 
expand. In 1976, 383 people attended our 
programs; in 1977, 2,763. By the end of 1978 
our audience had increased to 4,500. It is 
impossible to measure how many thousands more 
our programs have reached indirectly. It is 
to be hoped that our visitors have spread the 
word to friends and relatives, and others 
have seen, read, or heard our messages in the 
mass media. The cost of the 1978 program for 
supplies, per diem, and wages was about 
$4,500. 

Education at the Portals 

Our next contact with the public is at 
the trailheads. Stationed in cabins or wall 
tents at the six busiest portals are wil
derness information specialists or WISes 
(pronounced whizes). These men and women 
seek out visitors before they enter the wil
derness and have a chance to impact the land. 
Striving to be outgoing and friendly, they 
turn their stations into places of warm back-
country hospitality where visitors are wel
comed with cups of coffee. Their purpose is 
to: 
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1. Educate visitors on no-trace camping, 
the Wilderness Act, the natural role of 
fire, and fire prevention. 

2. Disperse visitors from overcrowded 
sites through persuasion. Most users 
eagerly avoid crowds when a WIS offers 
them an alternative. 

3. Keep records. Providing the infor
mation the WIS needs voluntarily, the 
visitor does ot feel that the government 
is forcing him to divulge personal data. 
We use these records to inform our roving 
Wilderness rangers where people are con
gregating, to disperse those visitors 
searching for solitude from overused 
sites, and to learn where to direct our 
in-town education efforts. 

Employee selection and training are 
essential for a WIS program to succeed. We 
look for applicants who have comunication 
skills; are outgoing,• persuasive, and can 
make a good first impression; and have a good 
land ethic and believe in what they are com
municating. 

Once selected a WIS's training includes 
instruction in: the Wilderness Act and 
Forest Service wilderness policies and 
programs; law enforcement; fire prevention; 
communication techniques; and record 
keeping. They also go on a field trip in 
which they camp using the same no-trace 
camping skills that they will be com
municating to the public, and take periodic 
trips into the wilderness throughout the 
season. This enables them to answer visitors 
questions on trails and campsites. 

The cost of wilderness information 
specialists does to have to be high. We have 
had WISes who have worked the entire season 
as volunteers and have performed as well as 
our paid employees. Normally, we pay our 
WISes GS-4 wages ($4.51 per hour). In 1977 
our six specialists personally contacted 
2,469 visitors. Their duties also included 
some wilderness clean-up and station, trail, 
and campground maintenance. 

In-the-Field Education 

Our third contact with the public is 
inside the Wilderness boundary. Using infor
mation provided by the WISes, our three wil
derness rangers contact parties in heavy-use 
areas and make special efforts to visit those 



groups that the specialists suspect might 
make unnecessary impacts. Of all our pro
grams the wilderness ranger contact is the 
most effective in changing an individual's 
behavior even though he talks to the fewest 
numbers. He can actually see the impacts a 
visitor is making and tactfully suggest ways 
to prevent them. 

Wilderness rangers also must be care
fully selected and trained. Furthermore, to 
be effective, they must be delegated enough 
real responsibility and authority to deal 
with the problems they encounter on the 
trail. Along with the wilderness clean up 
and public contact duties one normally 
associates with wilderness guards and 
rangers, our wilderness rangers have respon
sibility for: field administration of the 
special use permits of commercial out
fitters; law enforcement; writing en
vironmental analysis reports, news releases, 
letters to the public, radio public service 
announcements, and brochures; training and 
supervising wilderness information 
specialists, garbage clean up volunteers, 
and Youth Conservation Corps crews; inven
torying wilderness campsites using Code-A-
Site, panoramic photography, and other 
techniques; and developing and implementing 
programs for our in-town education efforts. 

RESULTS 

How do you measure the effectiveness of 
a human approach to reducing wildland 
impacts? We can't use measures such as board 
feet or visitor days to show how many atti
tudes we have changed or how many people have 
improved their camping ethics. Following are 
some recent developments that indicate our 
approach is working: 

To begin with, we receive letters of 
appreciation from people who have attended 
our programs. Second, an awareness of the 
concepts of minimum impact has diffused 
through the general public in our area. By 
1978, for example, the sixth graders, for the 
first time, already knew some facts about no 
trace camping, the natural role of fire, and 
the Wilderness Act. Evidently, previous 
sixth graders have passed this knowledge on 
to younger brothers, sisters, and friends. 
Also we meet hikers and horsemen on the trail 
who were contacted in town or at the portals 
and remember the concepts we taught them. 

Third and most important is the con
dition of the land itself. Impacts are much 
less noticeable in the Selway-Bitterroot 

Wilderness today than four or five years ago. 
The Wilderness has become wilder. Cove 
Lakes, the District's most heavily used 
camping area, is an example. In 1973, before 
our education programs, we picked up and 
hauled out an entire packstring of garbage 
from this lake basin and eliminated 20 fire 
rings. In 1974 after one season of a wil
derness ranger's periodically contacting 
parties at the lakes, we removed two mule-
loads of garbage. In 1975, after a season of 
a WIS at the nearby portal, as well as 
periodic field contacts, the Wilderness 
ranger was able to carry out all the garbage 
on his back. In 1977, after two seasons of 
an in-town education program to complement 
the continuing efforts of the WIS and Wil
derness ranger, we eliminated three or four 
fire rings and picked up some pull tabs, 
cigarette butts, and aluminum foil. 

Unfortunately, a Boy Scout troop which 
had not attended any of our programs visited 
Cove Lakes in 1978 on the WIS's day off. The 
scouts cut down several live trees and left 
litter and unburied human feces. 

The Selway River is the busiest single 
trail in the Selway-Bitterroot Wilderness. 
In the past, its beauty had been marred by 
stock damaged trees, garbage pits, litter, 
and large trashy fire rings. The trail 
receives its heaviest use on Memorial Day 
weekend. During the 1978 weekend, a wil
derness information specialist contacted all 
the hikers and horsemen as they started up 
the Selway River. Soon every camp area for 
24 km (15 miles) had a party of campers. By 
Monday night all visitors had returned to 
town. On Tuesday, the wilderness ranger 
hiked the length of the trail and found one 
small fire ring and two cigarette butts. 

If all wildland managers were to become 
warm concerned teachers, they not only would 
be able to protect the land from impacts, but 
at the same time could protect the freedom of 
the Wildland experience from excessive 
regulation. 

DISCUSSION 

Comment: Have you documented different 
aspects of this program, particularly cost? 

Bradley: The Moose Creek Ranger District has 
a brochure entitled "The 1977 Wilderness 
Education Program" that includes costs, 
lesson plans, and the mechanics of setting up 
this program. You can obtain a copy of this 
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information by writing to me at Joseph Ranger 
Station, Joseph, Oregon 97846. 

Comment: Have you had any success with 
leaflets, maps, and handouts? 

Bradley: I feel that the public is so 
inundated with government handouts that this 
approach has lost much of its effectiveness. 
Perhaps we need a new type of handout that is 
so interesting that people will actually look 
forward to reading it. Moose Creek is exper
imenting with such a brochure. Called JJice 
Wilderness Primer, it includes stories; 
cartoons; tree, rock, and fish iden
tification drawings; a wildlife checklist; 
and a horsemen's guide. The no-trace camping 
message is woven in throughout the booklet. 
For a copy write: 

District Ranger 
Moose Creek Ranger District 
Nezperce National Forest 
Grangeville, ID 83530 

Comment: Do the wilderness information 
specialists have duties other than con
tacting the public? Do they ever get "burned 
out" when they just work at the trailheads? 

Bradley: The WISes often maintain the 
buildings and grounds where they are 
stationed, put on evening programs for the 
car campers in nearby campgrounds, answer 
letters from the public, and design trailhead 
bulletin boards. However, their morale does 
suffer if they don't have the opportunity to 
travel inside the wilderness. Periodically 
we will give them this opportunity and send 
them down the trail to clean up garbage, 
visit camps, and learn about trail con
ditions. This field work gives them more 
credibility with the visitors when they 
return to their trailhead duties. 

Comment: What do you know about the Boy 
Scout troop that left the mess at Cove Lake? 

Bradley: They were a troop from Cour d' 
Alene that had never been to any of our Scout 
programs. We reached most of the other 
Scouts in our area when we put on an all day 
program at the Lewis-Clark Council 
Rendezvous on Chief Timothy Island near 
Clarkston, Washington. 

Three thousand Boy Scouts, Cub Scouts, and 
their parents and leaders attended this 
event. It's a shame that land managers do 
not spend more time teaching youth groups 
like the Scouts. Today there is a large 
Scout convention right here in Seattle in the 
building next door with thousands of par 
ticipants. I searched for exhibits by the 
Forest Service, Park Service, Bureau of Land 
Management, or Washington State Parks and 
found nothing. 

Western white pine 
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ABSTRACT--Parts of three studies are summarized. The studies were 
conducted to provide information intended to help managers improve 
the use of communication as a management tool. Their objectives 
included: (1) prioritization of user groups as target audiences 
based on wilderness knowledge levels determined by tests, (2) the 
determination of sources and channels used by respondents, in 
obtaining the test answers, and (3) the testing of several media for 
relative effectiveness. Wilderness-related agency literature was 
also obtained nationwide and subjected to content analysis. 

This paper is an attempt to summarize 
some of the more pertinent results from three 
research projects I have conducted during the 
past five years. In two of these, I ranked 
user groups according to their mean scores on 
wilderness-related knowledge tests and, with 
the help of graduate assistant William 
Bramlette, tried to determine from what 
sources information of this sort is commonly 
received. I also examined the relative 
effectiveness of several channels commonly 
used by managing agencies to transmit--or 
communicate--this information. 

Before looking at the results, there are 
two cautions that should be mentioned. 
First, I conducted this work because I assume 
there is a positive correlation between 
knowledge and attitude. One of my research 
goals is to help managers raise visitors' 
knowledge levels so these people will support 
management strategies and techniques that 
have been judged necessary. I have also 
labored under the belief that before a person 
can adopt a positive attitude toward low-
impact camping, he or she must first be made 
aware of the needs and techniques involved. 
Unfortunately, my assumption of the know
ledge - attitude relationship is challenged 
by some. In fact, the most recent issue of 
Journal of Environmental Education carried 
an article by West Virginia researcher Lei 
Lane Burrus-Bammel (1978) who said the 
assumption is unproven. Being more of a re

tread forester than a sociologist, I will 
have to leave this debate for others to 
settle. I did panic, however, when I read 
this article and immediately set my graduate 
student, Marc George, to the task of search
ing the literature for an answer. To my re
lief, he quickly uncovered several projects 
that have shown the attitude knowledge corre
lation to exist. So, I feel comfortable with 
the assumption, but thought you should be 
aware of this. 

The other caution is that two of the 
three studies were conducted to assist with 
management problems under specific circum
stances and in specific places--namely Rocky 
Mountain National Park and the Selway-
Bitterroot Wilderness Area. When I was 
invited to make this presentation I hesitated 
because any generalizations beyond those two 
places are made only at some risk. None
theless, I believe we can use many of the 
results as suggestions or clues, and I am 
confident that further testing in other 
locales would bear these out. 

I think we can all agree -- or we would 
not be here -- that recreational use can 
impact resources. This problem can be es
pecially acute in wilderness. Of course, as 
has been pointed out by other speakers, 
impacts are perceived differently by 
different people. Still, I think most of us 
notice litter where it occurs. This is an 
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impact, and although the problem seems to be 
getting better--thanks to information and 
education, I believe--it is still with us, 
even in the center of the huge Idaho 
Primitive Area. 

Other physical impacts I have commonly 
seen in wilderness areas include fire circles 
that blacken rocks and become trash re
ceptacles, and the cherished campfires them
selves that consume large quantities of wood, 
often leading to the destruction of dead 
limbs and scenic old snags as people fan out 
from popular camping spots in search of fuel. 
Then, of course, there are live limbs that 
are sometimes cut for bough beds, and poles 
cut for shelters that seem favored by some 
modern Robinson Crusoes in survival classes 
that are proliferating across the nation. 

Another common impact results from pet 
dogs in the wilderness. At worst they harass 
native wildlife, and at best they frighten 
away wildlife that many recreationists hope 
to observe. In popular camping spots, they 
also create the same problem encountered in 
city parks or on urban sidewalks--except in 
wilderness it may well be where you want to 
put your tent or lay out your sleeping bag! 
So, not only do we have physical impacts, we 
have social ones as well. 

A social impact we often encounter is 
that of crowding. Many times there are 
essentially crowds in these areas of land 
that according to law are supposed to offer 
solitude. Because of that same law, The 
Wilderness Act of 1964, we are also allowed 
to use airplanes—a mode of transportation 
that appears suspiciously mechanical to me. 
I predict that in the future, airplanes will 
become a source of both physical and social 
impact of a magnitude we cannot yet imagine. 
A rather bizarre and, one would hope, 
atypical case in point directly affected me 
just a few weeks ago in Montana. It was not 
in a wilderness, but on a wild stretch of the 
wild and scenic upper Missouri River where we 
were peaceably canoeing. Suddenly we were 
being repeatedly buzzed and missed by a 
matter of yards by a small aircraft. As my 
slides document, the pilot was endangering 
our lives, his own, and those of the rescuers 
who would have been needed to fish him out 
had he crashed. This also did little for the 
experience we were seeking on that canoe 
trip! 

Finally, we have the impact of colors 
used in wilderness. Brightly-colored tents 
and backpacks tend to have the psychological 

effect of drastically shrinking the wild
erness. 

WILDERNESS KNOWLEDGE 

These are some of the kinds of impacts 
that led me to wonder how much wilderness 
recreationists do know about the care and 
proper use of the unique areas they visit. 
To find out, I devised a 9-question quiz 
about low impact camping and gave this test 
to users in Rocky Mountain National Park 
(Fazio, 1974). Later in the Selway-
Bitterroot Wilderness Area, Bill Bramlette 
and I used a 20-question test that also went 
into other topics related to wilderness such 
as management, personal safety and equip
ment, and the biophysical aspects of the land 
(Bramlette, 1977). 

In Rocky Mountain National Park, I found 
that overall our respondents scored 68 on a 
scale of 100. The user groups have been 
ranked by their mean scores in Table 1. 
Statistically, using the chi square test, 
there was no significant difference among the 
groups at the 95 percent level of confidence. 
Still, if I were a manager with limited funds 
and time, the ranked order would suggest some 
priority target audiences. The importance of 
these results should be particularly evident 
in Rocky Mountain because of the large 
numbers of day hikers that use that park. 
Because of its relatively small size, these 
users penetrate about every area of its back-

Table 1. Mean knowledge scores derived from 
a 9-question quiz on low-impact camping, by 
user groups, Rocky Mountain National Park, 
1973 

User Group 

Bivouackers 

Cross Country 
Hikers 

Technical 
CIimbers 

Backpackers 

Group Leaders 

Day Hikers 

N 

15 

33 

29 

604 

9 

217 

Mean Test Score 
(percent) 

79 

76 

73 

69 

66 

65 
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country. This, along with their apparent 
ignorance of low-impact use, can add up to 
heavy impact. Similarly, the low knowledge 
levels of group leaders, and the potential 
for a multiplier effect, is something 
managers need to carefully consider in 
planning information and education programs. 

A similar test was conducted three years 
later in the Selway-Bitterroot Wilderness 
Area. Several more user groups were included 
because the area is in a national forest 
system rather than in a national park. The 
results a>~e shown in Table 2. 

Table 2. Mean knowledge scores derived from 
a 20-question quiz on wilderness topics, by 
user groups, Selway-Bitterroot Wilderness 
Area, 1976 

Using Scheffe's multiple range test, we 
found that at the 95 percent level of con
fidence, hunters' scores were significantly 
lower than those of backpackers, group 
leaders, and outfitters (with the latter 
three groups not differing from each other). 
Plane passengers, with a very poor showing of 
35% of the correct test answers, were sig
nificantly lower than members of organized 
groups, backpackers, group leaders, and out
fitters. As in Rocky Mountain, day users 
again scored rather poorly, although 
statisticaly the scores were not sig
nificantly different from the others. These 

users are also much less important in the 
Selway-Bitterroot, as their numbers are 
relatively few and they do not penetrate much 
beyond the boundaries of the wilderness. But 
in the Selway-Bitterroot, the hunter and air
plane groups are very important. With their 
potentially high impacts and miserably low 
knowledge scores, they stand out as priority 
targets for information and education. 

It appears inconsistent that group 
leaders scored so poorly in Rocky Mountain 
and were near the top in the Selway-
Bitterroot. There is a good reason for this. 
The Selway-Bitterroot is located near three 
universities' communities. A majority of the 
group leaders were affiliated with edu
cational institutions in some capacity, and 
one might expect them to be more in touch 
with subjects we tested. Most of the group 
leaders in our Rocky Mountain sample were 
scout leaders and church group leaders from 
large metropolitan areas. 

SOURCES OF INFORMATION 

In the Selway-Bitterroot Wilderness 
Area, we asked survey participants where they 
received the information (i.e. their 
answers) on the test. We were attempting to 
get at the source of their wilderness infor
mation. The results for all users combined 
are shown in Table 3. 

A few suggestions for managers emerge 
from these data. One is that information and 
education are important. Eighteen percent of 
the time, users more or less guessed or pro
vided their answers based on "experience" or 
gut feelings. We compared these answers with 
whether or not they were correct answers, and 
found them to be correct only 60% of the 
time. This was lower than answers derived 
from any other source except television, and 
it runs counter to the old adage that exper
ience is the best teacher. 

The U. S. Forest Service came out 
highest as a provider of information, but not 
as high as some might have predicted. If I 
were a manager, the figures for 
"colleges/schools" and "organizations" would 
catch my eye. Fifteen percent of the tested 
information came from these sources, and here 
are entities that are easily identifiable 
within a manager's sphere of influence and 
are usually quite easy to work with. I would 
zero in on these information providers and 
use them to disseminate agency messages. The 
other sources, including mass media, were not 
heavily cited by our respondents. 
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User Group 

Outfitters 

Group Leaders 

Backpackers 

Group Members 

Horse Campers 

Pilots 

Day Users 

Hunters 

Plane 
Passengers 

N 

8 

3d 

289 

42 

61 

35 

16 

45 

71 

Mean Test Score 
(percent) 

69 

66 

54 

48 

44 

43 

42 

36 

35 



Table 3. Sources of test answers on a 
20-question quiz on wilderness topics, 
Selway-Bitterroot Wilderness Area, 1976 

Information Sources 

Forest Service 

"Experience" 

Friend/Relative 

Don't Remember 

College/School 

Organization 

Book 

Magazine 

Newspaper 

Outdoor Store 

Outfitter 

Television 

Wilderness Act 

Other 

Total 

Percent of Answers 
(N = 601) 

24 

18 

13 

13 

9 

6 

5 

3 

2 

3 

1 

1 

1 

1 

100% 

CHANNEL EFFECTIVENESS 

Now let us ask the question, "If you are 
working for a wilderness management agency, 
what might be the best way to deliver or 
transmit information to user groups?" In 
other words, what channel or channels of 
communication should be used or emphasized? 

We tried to find the answer to this in 
two different ways. In Rocky Mountain 
National Park, we did an experiment using 
backcountry users who came in to obtain use 
permits as required in that park. After they 
took our knowledge test and completed a 
questionnaire, some were given a brochure, 
some were asked to watch a set of slides, and 
some were used as a control group and 
received no messages. The brochure and 

slides contained the same messages— 
essentially the answers to the questions we 
asked. We also released this information via 
the mass media, in this case in the form of 
illustrated newspaper feature articles and 
as a special, half-hour color TV program. 
Five weeks after the first test, all par
ticipants were sent a second test, this one 
asking the same questions as the first. It 
was the classic pre-test, post-test pro
cedure. By matching up survey respondents 
with the communication medium to which they 
were exposed, their changes in knowledge then 
suggested which of the communication 
techiques was most effective. 

In the other study, in the Selway-
Bitterroot Wilderness Area, we simply asked 
how the participant received his or her 
information from the source; that is, through 
what channels they received their infor
mation? There was no experimenting in this 
case. Here are a few of the things we found 
out from these two studies. 

In both studies, communication through 
the mass media came out with a pretty poor 
showing. We suspected radio would be low, 
and did not test this experimentally in 
Colorado. Our judgment was pretty much vin
dicated in the Selway-Bitterroot research, 
because so few people mentioned radio as a 
source or channel of their information that 
we can consider it negligible. This doesn't 
mean it should be thrown out, but I certainly 
would not put too many of my communication 
eggs in that basket if I were a wilderness 
manager. 

Television was also down at the bottom 
of the list of sources, mentioned by Selway-
Bitterroot users as a source or channel of 
information only 1% of the time. In 
Colorado, we did test this medium. We made a 
half-hour videotape and knew from station 
advertising data that it reached approx
imately 75,000 viewers throughout the state. 
However, we found that very few of our target 
audience saw it. Part of the problem with TV 
is that agencies must depend on public 
service time. To be able to pick the prime 
time, you have to pay--and obviously it pays 
off. There is no doubt one can sell a lot of 
Cricket lighters or the advertisers wouldn't 
pay what they do. But agencies usually do 
not have money for that, so their programs 
are usually aired at such times as 1:00 a.m. 
Sunday morning. Incidentally, we also found 
wilderness users are not heavy TV watchers. 
Our Selway-Bitterroot sample claimed to 
watch less than two hours per day, which is 
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below the national average. And the more TV 
they watched, the worse they did on the 
knowledge test! 

What about newspapers? I know many 
mangers who put a lot of emphasis on this 
medium. We found in the Selway-Bitterroot 
that only about 2% of the information was 
received through this medium. Here again, in 
Colorado we actually developed a major 
feature story, well illustrated, and knew 
from circulation figures it reached a quarter 
of a million people. But only a few back-
country visitors recalled having seen it. 

What about the good old brochure? Isn't 
this everyone's answer to a communication 
problem? Again, we produced these in 
Colorado and handed them to a known number of 
visitors. That is one of the advantages of 
brochures. You can control this method of 
communicating and even place it into the 
hands of visitors. But contact does not mean 
communication. In Colorado, our test bro
chure had absolutely no effect on increasing 
visitors' knowlege of low-impact camping. In 
our Selway-Bitterroot study, we found that 
only 6% of visitors gained information from 
this source. I should add, however, that 
those who did cite brochures as their source 
had very high knowledge scores. One thing is 
certain—the use of brochures is not the 
cure-all you would think it is judging from 
the way agencies crank these out. 

Finally, in our testing in Rocky 
Mountain National Park, the method we found 
to be most effective was a set of slides with 
sound, and set up as an exhibit. This, more 
than any other method was effective in 
raising knowledge of low impact camping, and 
I strongly urge managers to invest a little 
time and expense in setting up such viewing 
stations wherever possible. Depending on the 
situation, this may be at guard stations, 
ranger stations, visitor centers, or perhaps 
even at retail stores, concessionnaire fa
cilities and similar points of contact with 
wilderness users. 

There were, of course, many methods we 
were not able to look into. Campfire pro
grams were among these. In Rocky Mountain 
National Park, however, spot checking showed 
that the typical campfire program had only a 
very small number of backcountry users in 
attendance. This probably varies con
siderably, however, and I would like to test 
it in the future. Another method that is 
probably highly effective is the 
naturalists's walk and particularly Glacier 

National Park's Eco trek where you actually 
backpack for a few days with a trained inter
pretive naturalist who covers wilderness 
ethics as well as natural history. The big 
drawback of these methods is the extremely 
low number of people reached. No one in our 
surveys mentioned these interpetive methods 
as a channel of wilderness information. 
Another clever technique is the printing of 
messages directly on litter bags. The Bureau 
of Land Management in Montana even added a 
map, which makes it more useful and 
attractive to visitors. 

Then, of course, there are the rangers 
themselves. In our study in the Selway-
Bitterroot Wilderness, we found that 
visitors who had contact with "portal 
assistants" and wilderness rangers scored 
significantly higher than those not con
tacted. Other researchers have found wil
derness visitors to be highly receptive of 
these contacts. Add to that the power of 
interpersonal communication, and the oppor
tunity for fielding questions or otherwise 
dealing with feedback from visitors—and you 
have effective communication. 

It would appear, then, that the most 
effective means of communicating information 
on low-impact use would be through personal 
communication by rangers. At trailheads and 
in the wilderness, these people can zero in 
on specific target audiences, modify their 
messages to the group and circumstances, and 
deliver the agency's messages accurately and 
convincingly. The other channel I would 
emphasize is a short, sound/slide program (or 
other audio visual method such as videotape 
or a film loop) at points of contact with 
wilderness users. Not only has this been 
shown to be effective, it also allows local 
managers to direct the messages to specific 
problems or needs of the area, specific 
groups, or even problems of a seasonal 
nature. Available equipment is compact, easy 
to program and not very expensive considering 
its potential. 

LITERATURE CONTENT ANALYSIS 

There is one other part of my work that 
I would like to mention. Since brochures are 
so commonly used to communicate wilderness 
information, and since there would appear to 
be such a golden opportunity to use this 
method when people are planning their trips 
and write to an agency for help, I was in
terested in knowing how well this was being 
utilized as a mangement aid. To conduct a 
test, I pretended to be a potential user and 
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wrote all over the United States to managers 
of wilderness and primitive areas. The in
formation I received back was subjected to a 
variety of analyses, including content 
analysis of all literature that was 
specifically related to wilderness use. 

It was found that most of the content in 
the 131 wilderness-related publications 
dealt with what I labeled "equipment and 
safety." That is, it tells visitors how to 
do it--how to be comfortable and how to be 
safe, and where to go. Second were char
acteristics of the terrain such as veg
etation, wildlife, weather and so forth. 
Third, rules. Way down at the bottom of the 
list was information on the historical 
aspects of wilderness use; then just above 
it, fire prevention; and just above that, 
wilderness management--the whys of managing 
wilderness. At about the middle of the list 

of topics were the two I would call the most 
important--ethics, which was fifth on the 
list of 13 categories, and the concept of 
what wilderness is, or is supposed to be, 
which came in a low eighth as far as the 
amount of coverage it received. The results 
of the content analysis are shown in Table 4. 
Unfortunately, a few pieces of government 
literature are disseminating information 
actually contrary to the precepts of low-
impact camping. It should also be noted that 
17% of all the wilderness-related pub
lications contained at least some material I 
classified as "enticing," that is, actually 
trying to persuade people to use wilderness 
areas. As use increases and we begin to 
allocate the final acres of land to be ded
icated as wilderness, it is my opinion tha 
the time has come to seriously look at dis
couraging wilderness recreation. Not one 
publication we received suggested alter-

Table 4. Content of 131 pieces of wilderness-related literature based on paragraphs in topic 
categories 
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Topic Category 

Personal Equipment and/or 
Safety 

Biophysical 

Unclassifi able 

Wilderness Rules 

Wilderness Ethics 

Permit Information 

Additional Sources of 
Information 

Wilderness Concept 

Sanitation (Human Wastes) 

Wilderness Management 

Fire Prevention 

Enticing 

Historical 

Publications Containing 
Topic 

(Percent) 

73 

63 

60 

59 

59 

49 

45 

29 

29 

27 

24 

17 

16 

For Publications Containing 
Topic, Mean Number of 

Paragraphs 
(Percent) 

28 

35 

11 

24 

17 

24 

8 

10 

6 

7 

6 

6 
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native, non-wilderness areas where recre-
ationists--particularly organized groups--
might go to obtain essentially the same 
experience and satisfactions but without 
impacting areas that by law are to be pre
served in a natural condition. 

CONCLUSION 

Time has allowed mention of only a few 
of the things I have found while inves
tigating the interesting subject of com
municating with wilderness users. Much of 
the rest will be published early in 1979 by 
the University of Idaho Forest, Wildlife and 
Range Experiment Station. It is my sincere 
hope that this research will be of use to 
managers. In my opinion, communication or --
information and education, if you prefer—is 
the most palatable management tool we have to 
reduce impacts on wilderness. If we continue 
to study it, plan out its use carefully, and 
apply the results conscientiously, it can 
also be our most effective tool. 
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MT. RAINIER BACKCOUNTRY PLAN: A CASE STUDY 

John Dal le-Molle 
Backcountry Ranger 

Mount Rainier National Park 
longmire, Washington 

ABSTRACT--An action plan to correct and prevent impact identified 
visitors and managers as sources of impact. Problems are treated by 
regulation, education, restoration and oversight planning. 
Improvements in meeting objectives have resulted, although problems 
remain and needs for changes to improve the plan are recognized. 
Experience with the plan has pointed out the importance of certain 
planning elements, including the need for thorough documentation to 
assure management acountability and continuity, and the usefulness 
of models emphasizing objectives, inventories, actions and 
monitoring. 

Mount Rainier National Park was es
tablished by Congress in 1899. Until 1973, 
use of the backcountry (unroaded areas) was 
virtually uncontrolled with the exception of 
a few general regulations. In that year a 
backcountry action plan was implemented. The 
plan consisted of policies and programs for 
correcting and preventing unacceptable 
impact. To describe the experience with this 
plan, five questions will be addressed: (1) 
Why is there a backcountry plan? (2) What 
is the plan? (3) How successful has it 
been? (4) What is being done to improve the 
plan? and (5) What has been learned about 
planning? 

WHY IS THERE A BACKCOUNTRY PLAN? 

The plan was initiated to control un
acceptable human changes to the park's back-
country. 

Mount Rainier National Park consists of 
approximately 980 km2 (242,000 acres), most 
of which is easily accessible. Numerous 
roads lead to, into and through the Park. 
There are over 480 km (300 miles) of main
tained trails. As in other wildland areas, 
use has been increasing. In 1977 over 2 
million visits to the Park were recorded. 

Proximity to the large population 
centers of western Washington, easy access, 
and attractive natural features have made the 
park's backcountry a popular use area. In 
1977 approximately 200,000 people hiked 
trails and there were 35,000 backcountry 

camper-nights. A large portion of the back-
country use is concentrated in the subalpine 
area (approximately 1500 m (5000 feet) to 
2100 m (7000 feet) elevation), even though it 
comprises a small proportion of the total 
park acreage. 

WASHINGTON 

In the early 1970's park managers 
realized the continuing years of use had 
caused many small but cumulative impacts in 
the character of the backcountry. They also 
realized the upsurge in visitation since the 
mid 1960' s was responsible for an accel
eration in the rate of impact. Managers per
ceived that these human alterations to the 
natural environment of the backcountry were 
unacceptable in terms of the legislative 
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intent expressed in the laws creating the 
park, the National Park Service, and in terms 
of other National Park Service directives. 
In order to manage the backcountry according 
to legislative intent, and to guide in 
correcting past impacts and preventing new 
ones, managers wrote a backcountry action 
plan. 

WHAT IS THE PLAN? 

The plan is an "action plan." As such, 
it sets in operation policies and programs to 
meet the objectives of management. 

The purpose of the backcountry plan is 
to correct current, and to prevent future 
problems of resource alteration, and the 
resultant loss of "naturalness-based" 
visitor experience opportunities. It does 
this by identifying two sources of these 
problems: visitor impact and manager impact. 
A third source, impact caused by forces out
side the Park boundaries, was not addressed 
in this plan. 

Visitor Impact 

Visitor-caused impact problems include 
those resulting from indiscriminate building 
of campfires, proliferation of campsites, 
crowding in preferred camping locations, im
proper human waste disposal, formation of un
planned trails, and litter. From field ob
servations, it was concluded that these 
problems are a function of both number of 
visitors and visitor behavior. In partic
ular, it appeared that backcountry campers, 
compared with day hikers, created a dispro
portionate amount of impact. Consequently, 
number and behavior of backcountry campers 
received more attention in the backcountry 
plan than did activities of day hikers. The 
policies and implementing programs chosen to 
correct and prevent unacceptable visitor im
pact consist of a combination of regulation, 
education, and restoration. 

Regulation 

Regulations are aimed at controlling 
both damaging behavior, and number and dis
tribution of visitors. Examples of reg
ulations affecting behavior are: limiting 
campfires to designated sites in lower ele
vation forests; limiting camping in trail 
corridors to designated sites; requiring 
litter to be packed out; limiting stock to 
certain trails; and prohibiting cutting of 
vegetation. 

Both zoning and rationing regulations 
are used to control number and distribution 
of campers. The backcountry was divided into 
two types of areas, "trail corridors" and 
"cross country zones," each with specific 
management objectives. Camping is regulated 
differently in each area to meet these ob
jectives. 

Trail corridors, which include some 
climbing routes, historically have channeled 
large numbers of people to specific areas. 
This concentration of use has resulted in 
locally severe resource damage, and in loss 
of certain types of camping experiences which 
depend on solitude and natural environments. 
In the backcountry plan the trail corridors 
continue to be rationed to allow relatively 
heavy use. Because of the many people 
allowed in this zone, camping is restricted 
to designated camps in an effort to limit the 
spread of camping impact. 

Historically, use of the cross-country 
zones is relatively light. Management 
actions in these zones are designed to dis
perse travel and camping so no visible impact 
results. In cross-country zones camping is 
allowed, with minor exceptions, anywhere out 
of sight of the trails. The number of 
parties and the party size are limited in 
most cross-country zones. In those cross
country zones with historically lighter use 
and no known current impact problems, there 
is no limit on number of parties. 

All backcountry campers are required to 
obtain a backcountry permit. Through the 
permit system, camper numbers can be limited 
and use rationed among the various areas. 

Education 

In addition to regulations, the back-
country plan recommends education as a means 
for curbing impact. Backcountry practices 
which are encouraged include use of stoves 
instead of fires, proper human waste-
disposal methods, low impact cross-country 
hiking techniques, avoidance of behavior 
which causes wildlife behavioral and habitat 
changes, and maintenance of low visual and 
sound profiles in respect for the experiences 
of other visitors. These and other minimum 
impact practices are promoted through a 
variety of communication media: signs, 
posters, free brochures, magazine articles, 
loan-out-slide-set teaching aids, and per
sonal contacts. Programs are presented to 
outdoor classes and organizations, assist
ance is given to youth leader training 
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programs and Park rangers frequently discuss 
minimum impact ideas with users, both in the 
backcountry and when issuing permits. 

Restoration 

The third method the action plan uses to 
correct and prevent visitor impact is restor
ation. Repairing resource impact not only 
corrects unacceptable conditions, but it 
reduces the liklihood for new impact. Where 
impact is not seen, it appears that people 
are less likely to add new damage. Consid
erable effort has been put into restoration 
work by rangers, trail crews, Volunteers-in-
Parks, Youth Conservation Corps, the Student 
Conservation Association, Boy Scouts, Sierra 
Club Action teams, and the U.S. Army Reserve. 
Some of the major restoration tasks include 
identifying causes of problems, controlling 
erosion, replacing eroded soil, revegetating 
with native species, and halting new damage. 

Management Impact 

In addition to addressing the problems 
of visitor caused impact, the plan also deals 
with impact caused by management action or 
inaction. Unacceptable resource impacts can 
result from management activities that do not 
conform to legislation or management ob
jectives and standards. They can also result 
from a failure to act in response to new 
problems. Management failures may be due to 
lack of proper planning, inadequate super
vision of employees, or failure to monitor 
small, but cumulative, impacts. In the back-
country plan, managers have begun to address 
these issues to ensure greater management 
guidance and oversight in backcountry oper
ations. Methods include writing quan
tifiable signing and trail maintenance 
standards, instituting routine monitoring 
programs, and providing additional back-
country staffing, training and budgets. 
Furthermore, past management impact, such as 
unnecessary facility development and failure 
to restore abandoned or rerouted roads and 
trails, is being corrected. 

HOW SUCCESSFUL HAS THE PLAN BEEN? 

An improvement in meeting Park ob
jectives is evident since the implementation 
of the backcountry plan. 

Implementation of the plan clearly has 
reduced some unacceptable resource impacts, 
in particular campfire and campsite damage. 
However, it is more instructive to view the 
plan's success in relative terms. Given 

current and projected increases in back-
country use, even a stabilization of impact 
would indicate a positive effect of the plan. 

While there have been successes, some 
types of impact are not yet reduced to 
acceptable levels. Two persistent problems 
are improper human waste disposal, and the 
creation of unplanned trails in areas managed 
as cross-country zones. 

From the standpoint of providing 
visitors with opportunities for varied ex
periences, the plan has had mixed results. A 
variety of areas, ranging from those with 
virtually no visible alteration to those 
which have highly developed campsites and 
trails, are being maintained to provide users 
with a variety of opportunities. Prior to 
the backcountry plan, this range was nar
rowing, with increasing high-density use 
areas and extensive resource alteration. The 
price of maintaining this variety is a re
duction of the spontaneity with which 
visitors can use the backcountry. Because 
there is rationing and zoning, backcountry 
travel choices are sometimes limited. As 
visitors' actions are regulated, the back-
country experience loses some of the tra
ditional feeling of freedom. According to 
the comments recorded from visitors it 
appears many understand the need for these 
trade-offs and are willing to make them. 
Despite the restrictive nature of management 
actions, the number of people using the 
park's backcountry continues to rise each 
year. 

Long term success of the plan remains 
uncertain. Knowledge of natural processes is 
incomplete. Current monitoring procedures 
and research techniques may not be refined 
enough to detect all long-term impacts. 
Wildlife behavior or vegetation composition, 
for example, may be subtly changing. Even 
user's perceptions of their experiences may 
change. To the extent these incremental 
changes are not detected, the backcountry 
plan's applicability is impaired. 

WHAT IS BEING DONE TO IMPROVE THE PLAN? 

Management actions are routinely eval
uated. The backcountry plan has been ad
justed annually to enable it to fulfill its 
objectives. 

The annual evaluation is based on the 
following monitoring information: (1) com
parison of baseline inventory information 
with current resource conditions; (2) obser-
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vations systematically collected of visitor 
and manager noncompliance with policies; (3) 
information from researchers working in the 
park; (4) studies of alternatives provided by 
comparison of backcountry areas where there 
are exceptions to the general policies; (5) 
systematically recorded comments from park 
visitors; and (6) yearly reports submitted by 
backcountry rangers containing observations, 
with recommendations based on their exper
ience. Each autumn the park staff reviews 
this information and makes suggested changes 
in the plan. Final decisions are made after 
a period of public review and comment. 

Current efforts to improve the plan in
clude in addition to annual changes, reor
ganizing its format so the rationale is more 
easily understood. Site specific objectives 
are being proposed in addition to the 
existing general park-wide objectives. An 
effort is being made to determine precise, 
measurable criteria of acceptable impact. 
Current monitoring and research is providing 
some useful information. Extensive research 
is needed to study long term impact and test 
managers' assumptions which lead to 
decisions. 

WHAT HAS BEEN LEARNED ABOUT PLANNING? 

Planning is a decision process. The 
rationale for each step of the process should 
be clearly documented to provide account
ability and continuity. 

Accountability occurs when docu
mentation ensures the availability of a com
plete explanation of a decision. If a 
manager is required to provide detailed ex
planations of decisions those decisions 
probably will be formed rather carefully, 
after consideration of all options. 

Documentation also provides continuity 
in that subsequent managers gain an under
standing of the rationale of the policies 
they administer. Such insight could save 
them from repeating mistakes or help them re
vise policies when new information or 
changing circumstances require. 

Both the decision process and its docu
mentation are easier to perform if one has a 
model to follow. Various decision models 
relating to backcountry management have been 
suggested, for example see Brown (1977), and 
McCool (1976). 

Of the many factors included in models 
for backcountry planning, key ones are: 

Objectives: What do you want to accomplish; 
what is acceptable? 

Inventory: What do you have; does it meet 
the objectives? 

Actions: What will you do to attain ob
jectives? 

Monitoring: What is happening; are the 
actions accomplishing the ob
jectives? 

Objectives 

Objectives need to be specific if 
specific management decisions are desired. 
Or, to repeat a critical point, management 
decisions can only be as specific as the ob
jectives under which they are formed (Koch 
1974). A decision to limit camping at a lake 
cannot be solely guided by an objective to 
manage for visitor enjoyment and protection 
of the resource. Such general objectives 
need to be defined more narrowly so that 
managers have precise statements that enable 
the determination of measurable standards. 

Specifying objectives can lead to dis
agreements and even controversy, since 
people can interpret general legislative ob
jectives quite differently. Ultimately, 
managers are responsible for this inter
pretation and they should carefully document 
each factor that led to their decision and 
the relative importance they gave to each 
factor. In this manner, the manager can 
offer the rationale for his decision and dem
onstrate the efforts made to ensure con
sistency with legislative mandates. Factors 
a manager might consider are: (1) legis
lation - the most critical factor; (2) the 
nature of the resources' ability to sustain 
various levels of use; (3) the desires and 
concerns of the public; and (4) management 
principles. For example, in Mount Rainier's 
backcountry plan a management principle 
given great weight was that a margin for 
error on the side of resource protection 
should be used, rather than on the side of 
use. By law, preservation in National Parks 
and Wilderness areas has priority when pre
servation and use conflict. 

Inventories 

Inventories are needed which classify 
and quantify resource conditions. Inven
tories provide a baseline with which managers 
can compare changes and measure management 
success. An ultimate goal of inventory 
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designs is development of methods which can 
identify current and long-term subtle human 
influences on the resources and on visitors' 
experiences. Methods of determining long-
term changes are poorly defined but managers 
can implement inventories of obvious im
pacts. Though incomplete, these inventories 
enumerating new campsites, fire rings, cut 
trees and informal trails, for example, still 
provide information helpful to decision 
making. 

Actions 

Actions are the implementing policies 
and programs of a plan. A variety of actions 
are usually possible. Alternatives should be 
evaluated before final actions are selected. 
Evaluations should consider the plan's ob
jectives and such management principles as: 
(1) using actions that least alter resources; 
(2) selecting actions that affect visitors as 
indirectly as possible; and (3) leaving a 
margin of error to protect natural processes. 

If possible, management actions should 
be tested on a small scale before being 
generally applied. Once a policy or program 
is widely implemented it becomes the norm and 
may be difficult to change. 

Monitoring 

Monitoring systems provide a means of 
routinely evaluating the effectiveness of 
actions. Monitoring provides data on current 
conditions for comparison with the baseline 
inventory. The usefulness of any monitoring 
system depends on the type of information 
collected, reliability of the data, and com
parability, over time, of the data. A plan 
should provide for good monitoring design 
that considers these factors because 
agencies usually depend on seasonal and other 
employees with high turnover rates. 

CONCLUSION 

A management action plan is routinely 
used to guide decision-making, imple
mentation of decisions, and evaluation of 
action success. If a decision mistake be
comes apparent, or circumstances change, the 
framework of a plan can provide assistance in 
revising decisions. A plan helps admin
istration provide accountability and con
tinuity in management. 

Use of an action plan has resulted in 
improvement in the backcountry management of 
Mount Rainier National Park. Although there 

have been problems throughout the planning 
efforts, a written plan has created a focal 
point around which managers can and do 
regularly evalute their actions with respect 
to their responsibility for prevention and 
correction of human impact. 
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DISCUSSION 

Comment: How did you deal with the word 
"acceptable" for impact? 

Dalle-Mo 1le: The determination of what is 
acceptable is basically a matter of inter
preting legislation. Congress gives broad, 
general guidance as to what is acceptable but 
managers must interpret it to fit specific 
situations. 

We do not yet have a neat framework to 
follow that outlines a suitable set of 
criteria to help this interpretation. At 
present, departmental and agency policies 
give guidance through their interpretation 
of legislation. But on the park level the 
site specific determination of what is 
acceptable comes down to a manager's 
assessment based on these policies, research 
results when available, public comment and 
staff recommendations. 

A set of criteria needs to be 
established to insure consistency in 
decisions and we are working in this 
direction. I think it is important to 
realize though that any such set will 
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ultimately be based on a manager's judgment, 
on an intrepretation of laws. When 
significant disagreement occurs over such 
interpretation only the courts or Congress 
can resolve the issue. 

Comment: I would like to emphasize the im
portance of continuity in planning that you 
have mentioned. Many plans I have seen tend 

to deal with the present situation so much 
that there is little to guide future problem 
solving. For continuity between managers, or 
even continuity with the same person, a plan 
has to include objectives and criteria. Then 
you can make decisions five years from now on 
a problem you haven't anticipated that is 
compatible and within the same framework as 
the decisions you make now. 

Mountain Hemlock 
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ABSTRACT--Tribally owned wi ld lands con t r ibu te to the wilderness 
resource in many areas. Under contract wi th the Confederated 
Sal ish and Kootenai T r ibes , the Wilderness I n s t i t u t e , School of 
Fores t ry , Un ive rs i t y of Montana developed a management plan fo r 
the Mission Mountains. The proposed management plan determines 
the boundary of the area, def ines overa l l management goals , re
source a t t r i b u t e s and po l icy guidel ines and ob jec t i ves ; as well as 
recommendations invo lv ing d i r e c t management a c t i o n , user education 
programs and designat ion of smaller management uni ts to f a c i l i t a t e 
p lann ing. Special a t t e n t i o n is paid to preventing and m i t i ga t i ng 
rec rea t ion impacts. 

The t r i b a l wi lderness concept has great po ten t ia l f o r producing 
benef i ts f o r both the Indian t r i b e s concerned and the greater 
American publ ic in general . Each t r i b e has the oppor tuni ty to 
def ine the c l a s s i f i c a t i o n according to i t s need. A comprehensive 
management plan w i l l g rea t ly f a c i l i t a t e long range planning to 
insure the perpetuat ion of t h i s unique wilderness resource. 

In the spring of 1977 the Confederated 
Tribes contracted wi th the Wilderness I n s t i 
t u t e , School of Fores t ry , Un ive rs i t y of 
Montana, to develop a management plan which 
included boundary determinat ions, po l icy 
gu ide l ines and ob jec t i ves , resource a t t r i b 
utes and both shor t - and long-term recommen
da t ions . 

MISSION MOUNTAIN TRIBAL WILDERNESS 

In 1937, when 125,000 acres on the 
west slope of the Missions were designated a 
"Roadless Area" (de facto w i lderness) , Bob 
Marsha l l , D i rec to r of the Forestry D iv i s ion 
o f the U.S. Of f i ce of Indian A f f a i r s , sought 
to maintain a re t rea t where t r i b a l members 
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INTRODUCTION 

The Mission Mountains rise abruptly and 
dramatically to the east of the flat, gentle 
Mission Valley in western Montana. The 
eastern half of this range has historically 
been managed by the U.S. Forest Service as a 
Primitive-Area, Wild Area, and more recently 
as the Mission Mountain Wilderness. From 
the crest of the Mission Mountains down the 
west slope to the Mission Valley floor the 
land is owned and managed by the Confeder
ated Salish and Kootenai Tribes; the divide 
serves as the eastern boundary of the Flat
head Reservation. Four years ago, Thurman 
Trosper, tribal member and recent president 
of The Wilderness Society, suggested the 
Confederated Tribes establish a tribal wil
derness on the west slope of the Missions. 



Figure 1. Mission Mountain location map 
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could "escape from constant contact w i th 
white man," and to preserve some untouched 
land fo r fu tu re generations (ORRC 1962). 
Since the Of f i ce of Indian A f f a i r s served as 
a caretaker fo r t r i b a l lands, the designa
t i o n provided no s ta tu to ry p r o t e c t i o n . In 
1959, by t r i b a l counci l r e s o l u t i o n , the area 
was d e c l a s s i f i e d , " to f a c i l i t a t e economic 
development" (Federal Register 1959). Since 
tha t time about one- four th of the o r i g i n a l 
Roadless Area has been logged, roaded, 
ranched or farmed leaving 33,000 hectares 
(95,000 acres) w i ld and untrammeled. I t is 
t h i s land that the t r i b e is now in te res ted 
i n p ro tec t i ng . 

The Missions cannot be included in the 
National Wilderness Preservat ion System. 
The t r i b e s , can however, create t h e i r own 
"Tr iba l Wilderness" and we have recommended 
such a des ignat ion . I t could be done via 
t r i b a l counci l r eso lu t i on or by a t r i b a l 
referendum whereby a l l members of the t r i b e 
vote upon i t . 

In pre l iminary work p r i o r to developing 
the Tr iba l Wilderness management plan we 
were not able to f i nd another example of a 
t r i b a l wi lderness i n the western United 
States. Both the Shoshone Reservation and 
the Flathead Reservation have designated 
"sacred areas," however, where non- t r i ba l 
people are p roh ib i t ed . There is also a 
niche in the rec rea t ion management spectrum 
fo r "Tr iba l Wilderness." Because of the lack 
of mandates or regu la t i ons , the managers of 
such areas would have a challenge and f l e x 
i b i l i t y i n management r a re l y ava i lab le i n 
federal and state agenices. Un t i l now, t h i s 
lack of mandates coupled wi th a low economic 
po ten t ia l has resu l ted in l i t t l e management 
d i r e c t i o n fo r the Mission Mountains. I t has 
also led to a lack of admin i s t ra t i ve respon
s i b i l i t y f o r the recrea t iona l resources. 
Hov/ever, t h i s lack of d i r e c t i o n has not pre
vented the Missions from becoming a popular 
backcountry rec rea t ion area. 

The a c t i v i t i e s of the t r i b e s , the 
Bureau of Indian A f f a i r s (B IA) , the U.S. 
Fish and W i l d l i f e Serv ice, the U.S. Forest 
Serv ice, and other agencies, groups and 
i nd i v i dua l s have a l l in f luenced rec rea t ion 
but wi th none having tha t spec i f i c responsi-
b i l i t y . 

For example, the BIA, the Young Adul t 
Conservation Corp, one commercial o u t f i t t e r 
and other p r i va te groups have a l l had a hand 
i n t r a i l cons t ruc t ion and maintenance, but 
each has acted independently without the 

bene f i t of any type of a un i f y i ng p lan. 
This has resu l ted in some poorly planned and 
constructed t r a i l s , many of which now su f fe r 
from severe accelerated eros ion. Fur ther , 
the unmanaged recreat iona l use has led to 
the establishment of impromptu t r a i l s and 
campsites, accompanied by overuse of some 
s i t e s . 

P r io r to 1977, l i t t l e or no in format ion 
ex is ted per ta in ing to the recreat iona l re
source or i t s use. T r a i l s , campsites and 
other recreat iona l f a c i l i t i e s had not been 
inventor ied and the types and leve ls of use 
occurr ing w i t h i n the area were unknown. 
Upon accepting the contract to prepare a 
management plan fo r the area, the Wilderness 
I n s t i t u t e was faced wi th a ra ther unique 
s i t u a t i o n . Not only was there a complete 
lack of in format ion upon which to base a 
p lan , but there was also a lack of agency 
po l i c i es or l e g i s l a t i v e mandate to def ine 
fu tu re management. 

FIELD WORK 

In order to formulate a management plan 
f o r the area we needed to inventory publ ic 
t r a i l s , campsites, and recreat iona l use of 
the area, and obtain basic resource data. 

T r a i l r e g i s t r a t i o n boxes were placed at 
twelve major access points to determine the 
amount and d i s t r i b u t i o n of use. These boxes 
were serviced twice each month. 

The study team conducted compliance 
checks fo r seven days each, at f i v e reg i s 
t r a t i o n box locat ions to determine how many 
v i s i t o r s ac tua l l y r eg i s te red . 

To obtain user c h a r a c t e r i s t i c s and mea
sure recreat iona l permit compliance, i n t e r 
views were conducted wi th a l l i nd i v idua l s 
and groups encountered in the study area. 

Al l t r a i l s were i n tens i ve l y inventor ied 
wi th the Recreation Opportuni ty Guide (R0G) 
T r a i l Inventory method developed by the Lolo 
National Forest (Black et a l . 1977). In 
add i t i on to the R0G in fo rma t i on , a separate 
t r a i l inventory form, developed by the 
Wilderness I n s t i t u t e , was used to record 
mi le -by -mi le t r a i l cond i t i ons . 

For campsite inventor ies we used the 
Code-A-Site system developed by Hendee, 
C lark , Wood and Hogans (1975). 

We found that during the summer of 1977 
approximately 4,000 people entered the study 
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Figure 2. Mission Wildland Unit 
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area staying fo r a t o t a l of 13,000 v i s i t o r 
days. About 64% of t h i s use o r ig ina ted in 
the Mission Va l l ey , 12% from Missoula and 
14% from out of s t a te . Of these v i s i t s , 60% 
occurred on weekends and ho l idays . 

Non- t r iba l members represent over 95% 
of t o t a l use, and one- th i rd of these users 
d id not have the required t r i b a l permi ts . 

WILDERNESS MANAGEMENT PLAN REVIEW PROJECT 

In w r i t i n g the t r i b a l wi lderness man
agement plan the study team u t i l i z e d i n f o r 
mation compiled as part of a Wilderness 
Management Plan Review Project (WMPRP). The 
p r o j e c t , f i r s t conceived by the Recreation 
and Lands D i v i s i o n , USFS, Region 1 , was con
ducted by the Wilderness I n s t i t u t e s t a f f in 
cooperat ion with the Forest Serv ice. WMPRP 
involves a review and conso l ida t ion of the 
assumptions and decis ions featured in man
agement plans fo r a l l P r i m i t i v e Areas and 
Wilderness Areas west of the Miss iss ipp i 
River . The f i n a l product, a document d i s 
p lay ing the s i m i l a r i t i e s and d i f fe rences 
between various agency approaches to w i lde r 
ness management, is for thcoming. This 
in format ion served as a guide to check the 
thoroughness of the assumptions and recom
mendations used in the Mission Management 
Plan. 

TRIBAL WILDERNESS MANAGEMENT PLAN 

The t r i b a l Wilderness Management Pro
posal which the Wilderness I n s t i t u t e has 
submitted to the t r i b a l counci l consists of 
three main pa r ts : (1) a proposed boundary 
and overa l l management goals fo r the area; 
(2) a proposed management p lan ; and (3) a 
de ta i led analysis of the t r a i l s and camp
s i tes in the area, w i th recommendations fo r 
t h e i r maintenance and p ro tec t i on . 

A l l lands w i t h i n the proposed boundary 
are owned by the Confederated Sal ish and 
Kootenai T r ibes , w i th the except ion of 312 
hectares (780 acres) of s ta te land and two 
small p r i v a t e l y owned t r a c t s . A l l lands 
w i t h i n the boundary are e s s e n t i a l l y w i l d : 
they conta in no permanent s t r u c t u r e s , and 
(wi th the except ion of one c learcut at high 
a l t i t u d e ) show l i t t l e evidence of human 
a c t i v i t y . 

The framework of the proposed manage
ment plan is s im i l a r to the goal achievement 
framework described by Hendee and Koch 
(1978) although our terminology d i f f e r s 
s l i g h t l y . This approach involves management 

by ob jec t i ves . Broad goals and d i r e c t i o n 
are def ined based on the purpose of an 
area 's c l a s s i f i c a t i o n . These are fol lowed 
by inc reas ing ly spec i f i c gu ide l ines fo r 
achieving these goals. What resu l t s is a 
h ierarchy of management d i r e c t i o n from broad 
to s p e c i f i c . 

In the t r i b a l management p lan , four 
broad object ives were def ined: 

1 . Preserve the scenic and w i ld charac
t e r of the area. 

2. Manage to protect the ecologica l 
i n t e g r i t y of the area. 

3. Enhance the p r i m i t i v e outdoor recrea
t i o n oppor tun i t ies in a manner cons is tent 
w i th preservat ion of the wilderness re
source. 

4. Administer the area in such a manner 
as w i l l leave i t unimpaired f o r fu tu re 
use and enjoyment as wi lderness. 

These ob ject ives were in tu rn used as a 
basis fo r the development of more spec i f i c 
po l i cy gu ide l i nes , which deal d i r e c t l y wi th 
uses or admin is t ra t i ve a c t i v i t i e s w i t h i n the 
area. 

The management plan also includes a 
number of recommendations which suggest 
methods fo r minimizing or avoiding impacts. 

Those recommendations which invo lve 
d i r e c t management ac t ion inc lude: 

1 . L im i ta t i ons on group size (maximum of 
e igh t ) and length of stay (no more than 
seven days on one s i t e ) . 

2. Relocat ion of campsites on lakeshores 
and wet areas where poss ib le . 

3. Establishment of co r ra l s or h i t c h -
racks in areas heav i ly used by s tock, 
such as around popular lakes. 

4. Per iodic maintenance of heavi ly used 
t r a i l s , wi th minimal t r a i l maintenance in 
l i g h t l y used areas. 

5. Continual moni tor ing of a l l popular 
rec rea t ion s i tes to assess current uses, 
impacts, and rates of charge. 

In add i t i on to these and other proposed 
ac t i ons , we also recommended the development 
a of user education program. We f e l t t h i s 
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was a key component to any attempt to m in i 
mize and prevent impacts. 

Current ly on the Flathead Reservat ion, 
non- t r i ba l members are required to purchase 
t r i b a l rec rea t ion permits fo r the p r i v i l e g e 
of recreat ing on t r i b a l lands. We feel t h i s 
e x i s t i n g program could be read i l y adapted to 
provide a vehic le fo r the disseminat ion of 
educational i n fo rmat ion . In the proposed 
management plan we recommend the development 
of a brochure descr ib ing appropr iate w i lde r 
ness e t i q u e t t e , t r i b a l po l i c i es and basic 
sa fe ty . The d i s t r i b u t i o n of t h i s brochure 
could be g rea t l y f a c i l i t a t e d by a t tach ing i t 
to a l l permits. 

Wi th in the education program we also 
recommend the h i r i n g of a rec rea t ion guard 
fo r the Missions or even fo r the reservat ion 
as a whole. Working w i t h i n the area, the 
guard could personal ly contact recreat iona l 
users and in fo rma l l y i n s t r u c t them in such 
areas as minimum impact camping. The recre
a t i on permit system plays an important ro le 
here as 'wel l . The t r i b e s co l lec ted approx
imately $18,000 las t year from permit sales. 
We found from our rec rea t ion use inventory 
tha t there was low permit compliance in the 
Missions. We estimate tha t revenue gained 
through increased compliance could fund the 
salary of the rec rea t ion guard. 

Other educational opt ions are also 
ava i l ab le to the t r i b e . One of these 
involves o u t f i t t i n g and guide services run 
by t r i b a l members. Numerous non- t r i ba l 
people would be a t t rac ted to the idea of 
being accompanied and guided by a t r i b a l 
member i n t ima te l y acquainted wi th an area 
and i t s h i s t o r y . Such a service could also 
be extended in to an in tens ive educational 
experience which would teach nontr iba l 
people i n t h i s country the her i tage of 
nat ive Americans, thereby f a c i l i t a t i n g a 
be t te r understanding of t h e i r cu l t u re and 
cur rent problems. There are also some very 
pos i t i ve economic benef i t s tha t could be 
der ived from t h i s op t i on . 

F i n a l l y , i n the t h i r d sect ion of the 
management plan we d iv ided the study area 
in to twelve d i f f e r e n t "Wi1dland Uni ts" 
(WLUs). We found t h i s de l i nea t i on of smal l 
er management un i t s w i t h i n the area to 
g rea t l y f a c i l i t a t e p lanning. Since the 
study area is character ized by rugged t e r 
r a i n wi th steep canyons, r e s t r i c t i n g most 
use to ind iv idua l drainages, we based the 
WLUs on these natural boundaries. 

Wi th in the plan each un i t is considered 
separate ly . F i r s t we give a desc r ip t i on of 
the areas in the un i t rece iv ing recreat ion 
use. This desc r i p t i on is then fol lowed by a 
recommended overa l l un i t ob jec t i ve and 
recommendations fo r access, t r a i l h e a d f a c i l 
i t i e s , t r a i l s and campsites. 

The Mission WLU, f o r example, (Figure 
2) has several popular rec rea t ion s i tes 
(Luc i fe r Lake and Mission F a l l s ) , a heavi ly 
impacted t r a i l head and several heavi ly im
pacted campsites. We estimated tha t t h i s 
WLU received almost 18% of a l l use in the 
Miss ions, a large percentage of t h i s being 
day use to the spectacular Mission F a l l s . 

We recommend tha t t h i s area be main
ta ined as a popular day use area. S p e c i f i 
c a l l y , we suggest the placement of an i n f o r 
mational s ign at the t r a i l h e a d , the c lear ing 
of the t r a i l as fa r as the most popular 
a t t r a c t i o n (the Mission Fa l ls ) and conso l i 
da t ion of the m u l t i p l e f i r e r ings at s i tes 
around the lakes. 

DISCUSSION 

Tr iba l counci ls throughout the country 
are assuming greater contro l in the a l l oca 
t i o n of the resources found on t h e i r respec
t i v e reserva t ions . In many cases, these 
a l l oca t i ons have permanently a l te red ances
t r a l homelands--causing c o n f l i c t s between 
s p i r i t u a l values and the need fo r economic 
development. 

H i s t o r i c a l l y , the values of wilderness 
have been la rge ly overlooked in nearly a l l 
l eve ls of land-use p lanning, be i t f e d e r a l , 
s t a t e , p r i va te or Indian ( cu r ren t l y there is 
only 1 "roadless area" designated by the 
Bureau of Indian A f f a i r s ; there were 15 in 
1937). However, l i k e any other l i m i t e d 
resource, the values of wilderness increase 
as supply d imin ishes. The current Forest 
Service RARE I I process and the overa l l 
theme of t h i s conference i l l u s t r a t e t h i s 
increased publ ic awareness of the values 
inherent i n wi lderness and other dispersed 
rec rea t ion areas. This increase in value 
when coupled wi th the po ten t ia l economic 
bene f i t s derived from such a c l a s s i f i c a t i o n , 
makes t r i b a l wi lderness designat ion an 
important managerial op t i on . 

T r i ba l governments consider ing a desig
nat ion s im i l a r to wilderness must deal wi th 
problems r e s u l t i n g from the quas i -p r i va te 
nature of the land ownership. The two major 
problems mentioned e a r l i e r involve the 
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definition of mandates for the area and the 
delegation of administrative responsibil
ities. 

In defining management of a proposed 
wilderness area each tribe must define the 
purpose of the area's classification. For 
federal wilderness areas this comes from the 
Wilderness Act, but as mentioned earlier, 
the act does not apply to Indian lands. 
Therefore, the tribe must define this pur
pose clearly before making management recom
mendations for an area. These mandates can 
be as unique as the area and the needs of 
the local tribes. The spiritual area 
restriction, mentioned earlier, on the 
Flathead and Shoshone reservations, is an 
excellent example of a mandate which direct
ly addresses the needs of the tribe in 
relation to the area. 

Once the basic objectives are defined, 
a clear definition of administrative respon
sibilities is necessary. As illustrated by 
our review of the Missions, important admin
istrative responsibilities tend to be 
scattered and lack unified direction. The 
extent of managerial involvement for each 
group or agency must be clearly defined. A 
wel1-organized management plan will greatly 
facilitate the overall organization and 
direction each area's management will take. 

In summary, the tribal wilderness con
cept has great potential for producing bene
fits for both the Indian tribes concerned 
and the greater American public in general. 
Each tribe has the opportunity to define the 
classification according to its individual 
needs. In so doing, tribes must be aware of 
their responsibilities to clearly define the 
area's mandates and delegate administrative 
responsibilities. A comprehensive manage
ment plan will greatly facilitate this 
long-range planning, and help insure the 
perpetuation of this truly unique wilderness 
resource. 
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WITHOUT A TRACE - THE WILDERNESS CHALLENGE 

El izabeth L. Horn 
D i v i s i o n of Recreation 

U.S.D.A. Forest Service 
Por t land , Oregon 

ABSTRACT--The development of the no- t race-e th ic s l i de / tape pro
gram, inc lud ing background of why e th ics are necessary, is de
sc r ibed . Deta i l s are provided on how the program may be acquired 
and used. 

BACKGROUND 

Many groups have already begun to 
emphasize the no-trace concept to t h e i r mem
bers and begun th ink ing about ways to reduce 
t h e i r impact. But many other groups have 
not--and most i nd i v i dua l s have not. Our 
goal is to i n s t i l l in them the idea that 
there are th ings they can do in given s i t ua 
t i o n s to reduce t h e i r impact. They may not 
be able to do a l l the th ings ta lked about in 
the program--s i tuat ions and condi t ions 
vary- -but i f they do as much as they can, 
t h a t ' s what we're a f t e r . 

SLIDE/TAPE PROGRAM SYNOPSIS 

Without A Trace—The Wilderness Chal
lenge was w r i t t e n by Steve Morton, now on 
the Lolo National Forest i n Montana, and 
f i r s t discusses h i s t o r i c American fee l ings 
about wi lderness. Early explorers l e f t 
l i t t l e t race because t h e i r numbers were few. 
L i f e processes i n the higher e levat ions 
evolved over a long period of t ime. They 
are geared to the natural elements but not 
the hoards of people now l i t e r a l l y " lov ing 
them to death. " Sl ides show what happens to 
meadows, f l owers , t r e e s , t r a i l s and the 
landscape when v i s i t o r s are not aware of the 
cumulat ive e f fec ts of t h e i r ac t ions . 

The second por t ion of the program ex
p la ins the d i f fe rences between past prac
t i c e s and why many of these pract ices must 
now be obsolete. I t then suggests that a 
modern code of behavior should be fo l lowed 
by everyone to leave l i t t l e or no t race of 
t h e i r s tay. Examples might include repack
aging food i n l i gh twe igh t p l as t i c bags, 
keeping groups smal l , o b l i t e r a t i n g traces of 
a cooking f i r e , burying human waste, proce-
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Many of our back-country users accept 
degradation over a period of time as i n e v i 
t a b l e . How many of you have camped in an 
area over a period of years? Do you remem
ber ten years ago when only a few footpaths 
existed? Now a myriad of paths may cross 
your f a v o r i t e meadow. 

About three years ago, some of our w i l 
derness rangers in the Eagle Cap Wilderness 
of eastern Oregon began to t a l k to the 
h ikers they met about no-trace camping. 
Their idea was tha t i f everyone did t h e i r 
part toward leaving no t race whatever of 
t h e i r s tay , the wilderness would be be t te r 
o f f . And, in f a c t , we may be able to do 
away wi th some of the ru les and regulat ions 
tha t we have had to impose. Mr. Deans of 
the Appalachian Mountain Club emphasized 
tha t the user is an important fac to r in area 
management. We may study an area; we may 
regulate i t ; but unless the user cooperates, 
these e f f o r t s w i l l f a i l . 

Last w in te r , the U.S. Forest Serv ice, 
Pac i f i c Northwest Region, began a th ree - fo ld 
t h rus t f o r an educational campaign that we 
c a l l simply "no - t race . " Our idea was to 
produce a s l i de / tape program fo r use both 
i n - se rv i ce and outs ide by various groups. 
In con junct ion wi th t h i s , we also prepared a 
d iscussion guide fo r each person using the 
program to lead the audience in to a thorough 
d iscussion of what they can do on t h e i r next 
wi lderness t r i p to reduce t h e i r impact. 
F i n a l l y , we produced a brochure that is cur
r e n t l y ava i lab le at every place where people 
apply f o r wi lderness permits. This win ter 
we w i l l be t e s t i n g and evaluat ing more ideas 
f o r ge t t i ng the no-trace message to as many 
people as poss ib le . 



dures for t y ing horses, using inconspicuous 
ten t co l o r s , and a l lowing others to enjoy 
the same so l i tude tha t you want. 

We used to say tha t wilderness surv iva l 
was the a b i l i t y of man to surv ive in the 
wi lderness. Now we re fe r to wi lderness sur
v iva l as the a b i l i t y of the wilderness to 
surv ive man. "Without a t race" is the real 
wilderness chal lenge. 

We decided to keep the s l i de / tape prog
ram as simple as poss ib le . Many people t o l d 
us that we could make a bigger impression 
wi th a m u l t i - p r o j e c t o r program. However, 
since we are going to be loaning t h i s pro
gram out to poeple who probably would not be 
fami la r w i th soph is t ica ted equipment, we 
decided to keep i t to one carousel drum and 
one p ro jec to r . 

HOW TO GET A COPY 

I t is our i n ten t that as many people as 
possible see the program. Many of our For
ests and d i s t r i c t o f f i c e s have made a real 

e f f o r t to show the program and loan i t as 
o f ten as poss ib le . We encourage any organ
ized group who wants to use the program to 
l e t us know. Copies can be borrowed from 
most U.S. Forest Service o f f i ces in Oregon 
and 'Washington or from the: 

U.S. Forest Service 
Pac i f i c Northwest Region 
Unit of Recreat ion, 6th Floor 
P.O. Box 3623 
Por t land , OR 97208 

Copies of the program can also be pur
chased through: 

Westway Recordings 
1226 SW 16th Avenue 
Por t land , OR 97205 
(phone: (503)226-1940) 

Single copies are pr iced at $56.50 w i th 
f i v e or more copies being ava i lab le at a 
reduced p r i ce . 
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SUCCESSFUL METHODS OF DESIGN AND CONSTRUCTION 
FOR MANAGING IMPACT ON TRAILBIKE TRAILS 

Joseph J . Wernex 
ORV Supervisor 

Washington State Department of Natural Resources 
Olympia, Washington 

ABSTRACT--Impact cont ro l f o r t r a i l b i k e t r a i l s begins wi th the 
planning process. Locat ion and design of such t r a i l s must be 
c a r e f u l l y done by planners f a m i l i a r wi th t r a i 1 bikes and t h e i r im
pact . Although sens i t i ve areas cannot always be avoided, special 
p ro tec t i on features to avoid drainage problems and prevent t r a i l 
sa tu ra t i on can avoid most physical impact problems. 

INTRODUCTION 

In 1971, the state of Washington enact
ed legislation to "increase the availability 
of trails and areas for off-road vehicles." 
Shortly thereafter the Department of Natural 
Resources began building trails designed to 
meet the needs of motorbike recreationists. 
It was soon discovered that impacts (inher
ent in all types of trail use) were intensi
fied by: (1) growing numbers of trailbike 
enthusiasts, and (2) a diminishing number of 
trail miles available for this particular 
recreation. 

MANAGING IMPACT ON TRAILBIKE TRAILS 

This presentation discusses several 
methods which have been successfully used to 
manage impact on trailbike trails. 

Ideally, impact control begins with the 
planning process. By utilizing appropriate 
techniques of planning and construction, in
formed land managers can be in control of 
potential impacts before wheels are put on 
the ground. Planning is the key, and it 
should pave the way for accomplishment of 
three objectives: (1) protection of the 
resource; (2) satisfaction of user needs; 
and (3) cost-effective construction and 
mai ntenance. 

Location and design are critical steps 
in the planning process. The planner must 
select a suitable location and design the 
trail to fit each site along the route. 
Trails located specifically for trailbike 
use should avoid sensitive sites (any site 
on a particular trail location which may 
require extra protection or preventive main

tenance) where undesirable impact may occur. 
Large ultra-sensitive areas should be 
rejected entirely. Since trail locations 
cannot always avoid sensitive sites, special 
protection features must be designed into 
the plan. These features normally require 
extra construction costs. 

Location and design of trailbike trail 
require detailed knowledge of user needs, 
machine operation, development costs, con
struction procedures, and resource impacts. 
Planners, unfortunately, have considerable 
difficulty obtaining adequate knowledge of 
user needs and machine operation. In the 
writer's experience, it is very difficult 
for one who does not have in-depth first
hand experience with the sport to consist
ently design suitable trailbike trails. 

The detailed knowledge needed is best 
obtained by careful observation, conversa
tion with users, and many hours of motorbike 
operation, to obtain adequate knowledge 
about trailbike recreation. 

SPECIAL PROTECTION FEATURES 

Once a suitable location has been 
selected by a qualified planner, special 
protection measures are designed to safe
guard sensitive sites along the route. 
Before the final location is chosen, many 
alternatives will be examined and rejected. 
The number of sites requiring special pro
tection should be minimized. Special pro
tection measures are physical features built 
into the facility to prevent adverse impact 
or excessive maintenance costs. Protective 
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features should be planned for and built 
into the trail during initial construction; 
however, in most cases, they can be built 
into existing trails. The following de
scriptions identify some of the special pro
tection features used by the Department of 
Natural Resources (DNR): 

Drainage Dips. Drainage dips are 
developed during initial construction by re
versing the prevailing grade for a distance 
of 4.7 m (15') or more. They are used to 
divert run-off from the trail tread. Drain 
dips are effective, inexpensive, and do not 
detract from the natural setting. 

Water Bars. Water bars are small--
12.7 cm (5") in diameter or less--log barri
ers placed perpendicular to the direction of 
travel and staked into position. They serve 
the same purpose as drainage dips. Water 
bars are inexpensive, and unlike drain dips 
can be placed on an existing trail. They 
are "less" natural and may constitute a haz
ard to novice riders if not properly con
structed. 

Culverts. Culverts are used to 
keep traffic out of the water source. They 
are difficult to transport and should not be 
less than 30 cm (12") in diameter. Bare 
metal ends may be unsightly, and adequate 
diameter is essential to prevent plugging 
up. Routine maintenance is necessary. 

Bridges. Bridges are used on larg
er streams and serve the same purpose as 
culverts. Rustic construction utilizing 
native materials is the key to eye pleasing 
facilities. 

Ditches. Ditches are used to in
tercept water and prevent saturation of the 
trail. They can be hazardous to the rider 
and should be placed as far from the trail 
as practical. 

Tread Armor. Tread armor is a pro
tective covering of borrow material (crushed 
rock, for example) placed on top of the na
tive soil. It is expensive and difficult to 
transport extended distances. Armor is an 
effective tread protection, but it is un
sightly when first applied. 

Concrete Blocks. Concrete blocks 
imbedded in the trail provide a solid, un
yielding surface. They are quite effective, 
but expensive and difficult to transport, 
and can be hazardous if improperly used. 
There are still technical problems to be 
worked out, and this treatment should be 
used sparingly and only for short dis
tances. 

Puncheon. Puncheon is essentially 
a "land bridge" constructed with hand split 
planks and round logs. Puncheon is used to 
cross water saturated soil. As in all fea
tures of this type, rustic construction and 
native materials should prevail. Costs are 
highly variable and the effective life span 
of this treatment is uncertain. 

Turnpike. Turnpike is a method 
used to elevate the trail tread above wet 
soil. It is constructed by placing parallel 
log "sideboards" 91.4 to 152.4 cm (3 to 5') 
apart and backfilling with soil containing a 
high proportion of fractured rock. Turnpike 
must be "crowned" to provide drainage. 
Properly applied, turnpike is an effective 
treatment. 

Wire Mesh. Wire mesh covering the 
trail tread and fastened to parallel log 
stringers is presently under evaluation. It 
appears to greatly reduce "rutting" in soft 
clay soils. 

It should be obvious that none of the 
"special protection features" are intended 
for continuous, uninterrupted use over the 
entire trail system. Their use should be 
confined to specific problem areas along the 
route. Location and design must minimize 
the sites where protection features need to 
be used. 

OTHER IMPORTANT FEATURES 

Selec t ion of t r a i l l o c a t i o n , l eng th , 
and r i de r appeal may u l t ima te l y be as impor
tan t as special p ro tec t ion features fo r con
t r o l l i n g t r a i l b i k e impact. A major cause of 
t r a i l bike impact may be the r e l a t i v e l y small 
amount of t r a i l ava i lab le to a large user 
popu la t ion . Length of ava i lab le t r a i l can 
c l e a r l y be s i g n i f i c a n t i n terms of reducing 

251 



overuse. Observations i nd i ca te tha t the 
tendency f o r o f f - t r a i l t rave l is consider
ably reduced when r i d e r needs are adequately 
met wi th well designed f a c i l i t i e s . Managers 
know tha t impact occurr ing on designated 
routes are r e l a t i v e l y simple to d iscover , 
budget f o r , r e p a i r , or e l im ina te . O f f - t r a i l 
impacts are not so eas i l y handled. 

ORV user educat ion has been suggested 
as a v iab le opt ion f o r managing vehic le im
pact . In 1977, the Northwest Motorcycle 
Assocation T r a i l D i v i s i on sponsored an 
amendment of the Off-Road Vehic le (ORV) Act 
which requires the DNR t o , "conduct a s ta te 
wide program of ORV user education and 
i n f o rma t i on . " The Sier ra Club's ORV Monitor 
(November 1977) has also suggested the need 
f o r such programs. This a c t i v i t y may prove 
to be an e f f e c t i v e too l f o r reducing vehic le 
impacts. 

Yet another method used to manage 
t r a i l bike impacts is to provide "play areas" 
where r i de rs can cl imb h i l l s , r i de over 
rocks, and f i n d other challenges the manager 
may want to c o n t r o l . In some cases, we have 
designated gravel p i t s as play areas, posted 
them open and routed t r a i l s through the 
area. The idea is f o r the land manager, not 
the r i d e r , to se lect the locat ions fo r such 
a c t i v i t i e s . Future gravel removal wi l l 
render wear and tear by t r a i l bikes t o t a l l y 
i ns i g n i f i c a n t . 

The DNR aided by the ac t i ve p a r t i c i p a 
t i o n of t r a i l b i k e enthusiasts developed a 
number of innovat ive techniques f o r managing 
t r a i l resources. I want to encourage the 
academic community and other agencies to 
help us go beyond mere problem i d e n t i f i c a 
t i o n and begin to focus t h e i r a t t en t i on on 
problem s o l u t i o n . I t won't be easy, but i t 
can be done. 

Pacific madrone, with close-up of flower cluster 
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VISITOR ACCESS OVER COASTAL WATERWAYS 

J. Thomas Ritter 
Superi ntendent 

Glacier Bay National Monument 
Juneau, Alaska 

ABSTRACT--At Glacier Bay, access to hiking and kayaking areas is 
primarily obtained through the air or over water rather than by 
road. However, as with more traditional means of wildland access, 
impacts do occur. Zones of access and use are limited by topogra
phy and vegetation. Visitors in these zones conflict with wild
life habitat and produce aircraft and boat noise impacts. Because 
of the magnitude of the waterways, there are few control points 
and patrol or enforcement of access is difficult. Water access is 
still probably the best system for Glacier Bay but some conflicts 
are unavoidable. 

Though access by water is not relevant 
in most situations, I believe some of the 
concepts I will present have application to 
each one of you. Glacier Bay National 
Monument is appropriately named for its 
major feature, a large body of salt water 
which contains or is associated with 16 
tidewater glaciers. These glaciers origi
nate within the rugged mountains of south
east Alaska where the topography ranges from 
sea level to an elevation of over 4.7 km 
(15,300 feet elevation). Hiking is dif
ficult in such terrain. Visitor access to 
the wild country along Glacier Bay is en
tirely by boat or float aircraft. Continued 
use by these methods is a management objec
tive of the National Park Service and is 
expected to remain so in the future. 

The coastal waterways, as they are 
called, or the Bay itself were selected and 
developed for visitor access on the basis of 
several criteria. Since the deep-water 
marine route bisects the biologic and geo
logic systems, it was logical to encourage 
boats and float planes instead of construct
ing roads or other traditional methods of 
overland travel. It was also very easy to 
apply the historic perspective of travel: 
for thousands of years the Tlingit Indians 
have very successfully used boats to get 
around in the country. Finally, a compari
son of the relative impact upon the land and 
the wildlife demonstrated that travel by 
water was simply the best method. 

Glacier Bay National Monument includes 
1134 knr (2.8 million acres) of land, gla
ciers, and salt water. But that size is 
deceiving: not all land can be used by the 
hiker or kayaker. Only about 20% of the 
land area can be effectively used by hikers. 
More important, the hikers themselves per
ceive that about 5% of the land is really 
usable. Large areas are either unknown or 
simply appear to be impassable and beyond 
use. About 30% of the saltwater area is 
available for safe kayaking or canoeing, 
although less than 10% is actually used 
because the kayakers tend to stay close to 
shore. 

Scheduled visitor access began in 1966 
with airplane service offered in conjunction 
with the completion of a major lodge. 
Scheduled tour-boat service also began in 
1966. Prior to that time, charter boats, a 
limited number of charter aircraft, and an 
occasional fishing boat were the only means 
available for getting into the wild country. 
Level of use at that time was assumed to 
have little effect on the resource and for 
years very few people expressed concern. 

Over the last 12 years significant in
creases in the number of aircraft, charter 
boats and kayakers have occurred. Since 
1974 private boat and charter boat use has 
increased 400%. The total number of visi
tors traveling on the concessioner's tour 
boat has increased about 300%. The number 
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of back country users has increased 600% --
all of this in four years. When considering 
level of use, the absolute numbers at 
Glacier Bay are not very significant but the 
rate of increase has had a major effect. 

These waterways offer a potentially 
flexible system which has provided the kay-
akers and hikers a way to reach primary use 
areas without a measured impact upon land 
features. The system also allows designa
tion and relocation of travel routes without 
any visible and lasting impact upon the land 
resource and with no real visible effect 
upon the water. Compare, for example, the 
relocation of an access route at a place 
like Glacier Bay, where you simply divert 
the boats, with the relocation of a road 
into an alpine area. 

Scheduled and charter boats are the 
prime method of access. However, the great
est potential for increased use is through 
charter aircraft. Their relative cost of 
operation, ability to get to remote areas, 
and flexibility make aircraft economically 
attractive. Design of boat hulls and power 
systems which have been used in Glacier Bay 
has not been considered on the basis of im
pact on the environment, and in may cases 
has not been selected for maximum economy 
and efficiency. Time in travel and passen
ger capacity are the major concerns. 

Geographic and psychological barriers 
affecting hikers are the presence of ice 
fields, glaciers and rugged terrain, along 
with some adverse weather conditions which 
limit and control the distance that hikers 
travel on any hiking expedition. Transpor
tation along the waterways has several 
inherent problems which must be considered 
before these methods are adopted in other 
areas. 

Consider some of these problems. Com
mercial transportation systems operate along 
a rigid route and on a fixed schedule, so 
the number of specified access points is 
limited. There are only a few places that a 
commercial public transportation system can 
stop to allow access and still maintain a 
schedule. This reduces the opportunity to 
disperse use and provide a variety of areas 
attractive to the visitor. This condition 
is further compounded by the rugged terrain 
which restricts the access and the movement 
of the hiker. In addition, boats which are 
used to provide access usually serve a mul
tiple function. At Glacier Bay vessels 
which haul large groups of tour-oriented 

visitors are also expected to haul hikers 
and kayakers. These expectations result in 
conflicts over the function of the vessel. 
Most passengers enjoy seeing an occasional 
hiker or kayaker enter the wild country, and 
for many people it's the only time of meet
ing a wilderness visitor. However after the 
experience has been repeated several times, 
these same passengers object because it re
duces the time that the boat will spend at 
their primary attraction, v/hich is usually a 
tidewater glacier. 

Another problem which must be consider
ed with boat and aircraft transportation is 
cost. Operation is expensive, and re
stricts visitor use to those people who can 
afford to pay the price, or to those people 
who have a very strong interest in the area 
and choose to pay in spite of the cost. 
Most potential visitors with low income have 
no options; they simply cannot consider the 
trip. 

Boat and aircraft access also places 
people in areas of prime wildlife habitat, 
at least in the southeast Alaska with condi
tions such as Glacier Bay. The narrow beach 
zones cannot tolerate concentrated human 
use. These are the same areas that wildlife 
are dependent upon for their migration and 
much of their habitat. This problem can be 
resolved by allowing visitor use only in 
locations or at times when wildlife are not 
present. 

Another problem is patrol and enforce
ment of access routes used by private ves
sels. This is compounded when you consider 
the marine way of Glacier Bay is 96 km (60 
miles) long and 8-16 km (5-10 miles) wide. 
The entrance into this area is 8 km (5 
miles) wide. Contrast that with a road, a 
two-lane road where managers have an oppor
tunity to make contacts and provide some 
control. Individuals who fail to intention
ally contact a park ranger may only be con
tacted during a routine patrol providing 
resource information, safety guidelines, or 
regulations controlling the use of a spe
cific area. 

Management objective to reduce impact 
upon the biologic systems and improve 
aesthetic qualities can nevertheless be 
achieved. 

Interagency cooperation is critical to 
improving public information and dispensing 
information on wild areas. Potential visi
tors should have an opportunity to make 
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decisions based on ob jec t i ve in fo rmat ion 
s t r ipped of a l l propaganda before coming to 
Glacier Bay or any other place. Major steps 
are g rea t l y needed to improve interagency 
in format ion systems. I t is important that 
wi ld lands not be represented by any agency 
or organ izat ion as o f f e r i n g a l l th ings to 
a l l people. Perhaps because of i t s remote
ness, the grandeur of Alaska is o f ten mis
represented. Alaska should be portrayed fo r 
the condi t ions tha t e x i s t , w i th i t s adverse 
weather, topographic b a r r i e r s , cost of ac
cess, r e s t r i c t i o n s on use, and the presence 
or absence of f a c i l i t i e s . A r e l i a b l e , ad
vance in format ion system is espec ia l l y 
important i f v i s i t o r access i s dependent 
upon commercial systems. Once people a r r i ve 
they have no opt ions except to get back on 
the boat or a i rp lane and leave at a tremen
dous cost and wi th a very t e r r i b l e exper i 
ence. 

Another approach to improving leve ls of 
in format ion is through research and monitor
ing of v i s i t o r expec ta t ion , exper iences, and 
environmental impact. During 1978, the 
National Park Service conducted socio-eco
nomic studies in Glac ier Bay to help deter
mine the c h a r a c t e r i s t i c s and behavior of 
w i ld land v i s i t o r s . This research w i l l mea
sure and evaluate how t r i p s are planned and 
provide essent ia l data on expecta t ions, 
experiences, and an eva luat ion of the re
source by the v i s i t o r . The resu l t s w i l l be 
very important i n helping develop f u tu re 
po l i c i es and procedures f o r improving i n f o r 
mation and t r anspo r t a t i on systems. An 
important study i s scheduled next year and 
w i l l analyze the r e l a t i o n s h i p between v i s i 
t o r s and w i l d l i f e which use the narrow beach 
zones of the Bay. The resu l t s of t h i s study 
can be he lpfu l in determining maximum level 
of human use which can be to le ra ted in these 
sens i t i ve w i l d l i f e areas before there is an 
adverse e f f ec t on w i l d l i f e behavior. 

The most important message is tha t we 
should never look at any management system 
as per fec t . Ref lect back to the o r i g i n of 
the water access system at Glac ier Bay. At 
the outset i t was considered to be a system 
which would resu l t i n no problems. The use 
of major coastal waterways to provide access 
to wi ld lands a f fo rds except ional pos i t i ve 
oppor tun i t i es f o r v i s i t o r use wi th a l i m i t e d 
a f f ec t upon the primary resources. I'm con
f i d e n t that i f park managers were to begin 
over, the same system would be se lec ted. 
Access by water is the method of least im
pact , but wi thout constant eva luat ion and 
con t ro ls the system w i l l r esu l t i n in te rna l 

or secondary systems which do create major 
c o n f l i c t s . 

DISCUSSION 

Comment: What is the dependence in Alaska 
on a i r t r ave l? 

R i t t e r : I'm glad you gave t h i s oppor tun i ty 
to discuss t h i s important method of t rave l 
because use of a i rp lanes in Alaska is a way 
of l i f e . We get i n an a i rp lane to conduct 
business j u s t l i k e people in Seat t le use a 
tax i cab - -w i thou t a thought . But we should 
be t h i nk ing something about i t , and we 
should be preparing r i gh t now to include a i r 
access in a l l of our p lanning. We can con
t r o l the airways only i f we can v e r i f y tha t 
planes are d i s tu rb ing w i l d l i f e or the re
source on the ground or that they are f l y i n g 
too low over a populated area. Usually re 
source managers do not have cont ro l of the 
airways and tha t is a big handicap. 

Comment: Do you have cont ro l over the f l o a t 
planes in the area? 

R i t t e r : We have cont ro l over the f l o a t 
planes in any area where they land. I f an 
adverse a f f ec t occurs, any area can be 
closed fo r landings. F i r s t i nd ica t ions from 
the studies tha t were conducted t h i s summer 
on the back country user 's experiences show 
the most adverse e f f e c t upon t h e i r exper i 
ence was from a i rp lanes . This was greater 
than impacts from very noisy boats, even 
those that could be heard 8 km (5 miles) 
away. Some ships haul ing 1,000 passengers 
go along these same waterways. With respect 
to a i r c r a f t access, something that we should 
be consider ing very soon is the use of p r i 
vate he l i cop te rs . Now people w i l l say tha t 
no one can f l y a he l i cop te r unless they have 
thousands of d o l l a r s . But i f we consider 
what has happened wi th other technology, 
i t ' s yery conceivable that small rec rea t ion 
al he l i cop ters w i l l soon be ava i lab le and we 
should be preparing now to work wi th t h i s 
use before problems develop. 

Comment: Are the planes tha t have been 
bother ing h ikers f l o a t planes or wheeled 
a i r c r a f t ? 

R i t t e r : Both types. Most of them are com
ing on a commercial f u n c t i o n . But they may 
be wheel planes tha t are on a s ightseeing 
t o u r . Most a i r c r a f t i n the Glac ier Bay area 
are re la ted to a commercial f unc t ion and are 
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not p r i va te planes or commuter f l i g h t s . 

Comment: How do the back country users, not 
the sea coast users, but people who go in to 
the back country lakes by plane and are 
accustomed to that as a form of t ranspor ta 
t i o n - - how do those users feel about planes 
coming in and landing? 

R i t t e r : The frequency of a i r c r a f t use is a 
c r i t i c a l matter. I f you were at a lake you 
had reached by f l o a t plane, I doubt very 
much tha t you would object i f a f l o a t plane 
used the area two or three times during the 
week. But what i f there were f i v e planes a 
day or ten each day? That may exceed your 
to lerance l e v e l , and I be l ieve that t h i s is 
the general react ion of most people. 

Comment: In southeast Alaska, we appear to 
be heading towards some establishment of 
w i lderness. Do you th ink e x i s t i n g t ranspor
t a t i o n systems may be in c o n f l i c t wi th our 
t r a d i t i o n a l view of wilderness? 

R i t t e r : I t is t rue c o n f l i c t s w i l l occur. 
Coordinated management must be achieved wi th 
cooperat ive programs. But to develop a 
blanket po l icy one way or the other and say 
"wide open access, or none at a l l " simply is 
not the answer. Some type of t r anspo r ta t i on 
i s needed fo r access and enjoyment of most 
areas. 

Comment: People f l y i n g a i rp lanes br ing no 
physical impact to the land. This is kind 
of i n t e r e s t i n g . The impact is on someone on 
the ground, and is a socia l impact. I t 
seems to me i f we're going to remember t h i s 
whole concept of oppor tun i t i es and exper i 
ences we j u s t have to rea l i ze that there may 
be some impact to obta in access, and maybe 
we're be t te r o f f f l y i n g above as opposed to 
impact on the ground. 

R i t t e r : There are cases to support your 
argument and I ' l l give you a very good 
example. Almost every day commercial a i r 
l i nes f l y large j e t a i r c r a f t to the park. 
Seventy- f ive percent of the t ime the weather 
al lows them to f l y over the park. I don ' t 
t h ink there are very many places tha t a j e t 
f l i e s on a reconnaissance f l i g h t , but i t 
happens over Glac ier Bay. I t ' s a good ex
perience and i t has l i t t l e e f f ec t upon the 
people on the ground. I doubt tha t a repre
sen ta t i ve from the Federal Av i a t i on Adminis
t r a t i o n is at t h i s conference and yet they 
are the regu la t ing agency c o n t r o l l i n g a i r 
space and a i r t r a v e l . We a l l must s t a r t 
working together , because t h e i r po l i c i es 

have a great deal of e f f ec t upon w i l d ! and 
users. 

Comment: I'm here to represent the Seaplane 
P i l o t s Assoc ia t ion. I was of course dismay
ed by a co l league's attack against the a i r 
planes. I a lso f l y commercial j e t a i rp lanes 
f o r a major a i r l i n e . When the oppor tun i ty 
ar ises I take my passengers fo r a tour in 
the a i r as I depart or come in from Seat t le 
(Mt. Rain ier) and I get tremendous response 
from passengers. People j u s t love i t . 
Occasional ly w e ' l l get a l e t t e r from someone 
who was d is tu rbed . We're t a l k i n g about a 
t r a d e - o f f . We're t a l k i n g about an a i rp lane 
w i th 150 passengers who obtain a tremendous 
experience. I 've seen grown men walk in the 
cockpi t w i th tears in t h e i r eyes and say how 
much they enjoyed that view and i t ' s a view 
tha t they would never see otherwise. I 
t h ink tha t the word s e l f i s h was used yester
day i n respect to env i ronmenta l is ts who 
s e l f i s h l y want t h e i r own wilderness f o r 
t h e i r own pr iva te enjoyment. Wel l , t h a t ' s 
wonderfu l . We'd a l l l i k e to have t h a t . 
However, I th ink tha t i t ' s a s e l f i s h th ing 
to do. A h iker doesn't want anyone to f l y 
over t h i s wilderness enjoyment spot. 

R i t t e r : Your opin ion f i t s reasonably well 
w i th the management po l i cy of the National 
Park Service: to provide fo r v i s i t o r use 
and enjoyment and to protect the resource. 
I t ' s very easy to be inf luenced by the use 
of slogans and words. Careful examination 
does show tha t two uses cannot occur in the 
same place. Whatever term you wish to apply 
i n descr ib ing management systems and p o l i 
c ies i t is c l e a r l y recognized tha t most 
func t ions can only be conducted i f we zone 
and separate types of users. An a i rp lane 
f l y i n g at an assigned a l t i t u d e such as you 
mentioned over Mt. Ra in ie r , is general ly a 
s a t i s f a c t o r y experience. As long as there 
i s enough space to separate uses and the 
zoning c r i t e r i a is understood, then both 
v i s i t o r use and resource p ro tec t ion can be 
r e a l i z e d . 
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ALTERNATE TRANSPORTATION SYSTEMS FOR REDUCING NATURAL RESOURCES IMPACT 

Gary Brown 
Chief Ranger 

National Park Service 
Mount McKinley National Park 

Alaska 

ABSTRACT--A paved a l l -weather highway was opened in 1971 betv/een 
Anchorage and Fairbanks, increasing v i s i t a t i o n at Mount McKinley 
National Park. Some p r i va te veh ic le t r a f f i c was r e s t r i c t e d , and 
publ ic bus t r anspo r ta t i on was provided by users. The system has 
worked w e l l ; advantages and disadvantages of the system are 
descr ibed. 

Mount McKinley National Park was 
created in 1916 by an act of Congress, to 
protect outstanding scenery of extensive 
geo log i ca l , g l ac ia l and b io l og i ca l s i g n i f i 
cance, whi le prov id ing v i s i t o r use. The 
park is considered a wel l -balanced ecosys
tem, of large predators and t h e i r prey, tha t 
i s l i t t l e infl-uenced by man. A d i s t i n c t i v e 
feature of the park i s i t s i n t e g r i t y as a 
wilderness area. 

A s ing le road passes from the east 
boundary some 136 km (85 mi les) to a point 
on the north boundary near Wonder Lake. The 
eastern 19.2 km (12 mi les) are paved wi th 
the remainder d i r t and g rave l . There are 
seven campgrounds wi th a t o t a l of 223 s i t e s . 
A concessioner-operated ho te l / food f a c i l i t y 
ex is ts at the eastern end of the road, and 
there are National Park Service v i s i t o r cen
te rs at km 105 (mi le 66) (Eie lson V i s i t o r 
Center) and 1.6 km (mi le one) (Ri ley Creek 
V i s i t o r Center) along the park road. 

W i l d l i f e is abundant and eas i l y ob
served, wi th primary species inc lud ing 
wolves, g r i z z l y bear, ca r ibou , Dal 1 sheep 
and moose. Alpine tundra , shrub tundra and 
boreal fo res t are the p r i n c i p l e vegetat ive 
resources. Geological resources inc lude 
minerals and ice and snow. 

Approximately 80 km (50 mi les) of con
s t ruc ted t r a i l s ex is t in a few l i m i t e d areas 
of the park. Backcountry t rave l is predom
inan t l y cross-country w i th stream gravel 
bars as more popular routes. 

Access to the park p r i o r to 1957 con
s is ted of the Alaska Rai l road (a few p i l o t s 

u t i l i z e d the McKinley Park a i r s t r i p ) . Dr i v 
ing a veh ic le in to the park was possible 
only i f v i s i t o r s had them shipped by r a i l to 
the entrance at $35 per veh ic le . The Denali 
Highway from Paxson opened in 1957, p rov id 
ing automobile access to the park. However, 
vehic les d id not overf low McKinley, though 
v i s i t a t i o n increased, f o r the highway is an 
arduous 256 km (160 mi les) of unpaved road. 
Anchorage and Fairbanks remained at a d i s 
tance of 587 km (367 mi les) and 542 km (339 
mi les) respec t i ve l y . In 1959 v i s i t a t i o n 
increased to a level where more than 5,000 
p r i va te vehicles used the park road. 

In l a te 1971, a new, paved, a l l -weather 
highway opened between Anchorage and Fa i r 
banks, the two major populat ion centers in 
the s ta te . This highway traverses the east
ern edge of the park and provides much 
easier access to the park. This highway is 
one of Alaska's most rap id l y developing 
t rave l c o r r i d o r s , and g rea t l y enhances the 
park 's popu la r i t y w i th both Alaskan and out-
o f - s t a t e v i s i t o r s . 

The National Park Service implemented a 
po l i cy designated to minimize the impact of 
v i s i t o r and veh ic le increase expected from 
the new highway. Three main areas of con
cern of the park management were: 

1 . That the campgrounds would be crowded 
beyond t h e i r designed capac i t i es ; 

2. That motor veh ic le use on the park 
road in to the i n t e r i o r of the park would 
exceed i t s capaci ty f o r safe motor veh i 
c le t rave l due to the road design and 
d r i v i n g hazards along the o f ten narrow, 
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dusty road; 

3. That w i l d l i f e would be dr iven away 
from the cent ra l road co r r i do r area or 
otherwise adversely a f fec ted by increased 
t rave l along the road co r r i do r and the 
natural beauty of the park would be 
impaired. 

The problem was to provide access in to 
the park fo r more v i s i t o r s , without increas
ing the use of motor vehic les beyond a level 
tha t would be safe and at the same time 
mainta in the wilderness character of Mount 
Mckinley National Park. 

A new po l i cy was promulgated by the 
National Park Service to l i m i t impact of 
vehic les in the park. 

On June 1, 1972 the t r anspo r ta t i on po l 
icy went i n to e f fec t wi th three cent ra l fea
t u r e s : 

1 . A general p r o h i b i t i o n against d r i v i n g 
vehic les beyond the Savage River , a point 
approximately 19 km (12 mi les) from the 
park entrance; 

2. A requirement that people using the 
campsites beyond Savage River must secure 
a reservat ion in advance and be permit ted 
to d r i ve t h e i r vehic les to the reserved 
campsites, but no f u r t h e r . 

3. The prov is ion of publ ic bus t ranspor
t a t i o n at no cost to the user. 

Only access by p r i va te veh i c l e , not use 
of the park, i s r e s t r i c t e d under t h i s 
management p lan. V i s i t o r s are s t i l l encour
aged to experience the park by h ik ing and 
backpacking. 

An a l te rna te t r anspo r ta t i on system 
(ATS) was es tab l i shed. Buses - re fe r red to 
as shu t t l e b u s e s — a r e operated through a 
cont rac t w i th Outdoor World L imited (the 
park concessioner) on a reimbursable, 10% 
p r o f i t bas is . The cont rac tor leases regular 
c i t y / r u r a l school buses from a school t rans 
po r ta t i on company dur ing the summer season 
when the buses would normally s i t i d l e . 

The ATS operates as a f ree shu t t l e sys
tem and is not designed as a t ou r . I t may 
be compared to a municipal bus system (w i t h 
out f ees ) . V i s i t o r s may board or leave a 
bus anywhere along the route as the buses 
t rave l on a prescr ibed schedule. This 
allows the v i s i t o r to day-h ike , overnight 

t rave l or j u s t spend an hour among the 
a r c t i c f l owers , and be able to board a bus 
anywhere to re tu rn to a camp, hotel room or 
veh i c le . 

Buses operate from the Saturday p r i o r 
to Memorial Day u n t i l the second Sunday f o l 
lowing Labor Day. T h i r t y - f i v e 44-passenger 
buses depart the eastern terminus, Ri ley 
Creek V i s i t o r Center, d a i l y , on an hourly 
schedule, between 6 A.M. to 6 P.M., f o r a 
211 km (132 mi le) round t r i p to the Eielson 
V i s i t o r Center, whi le one bus d a i l y , each 
makes three 58 km (36 mi le) round t r i p s be
tween the Eielson V i s i t o r Center and Wonder 
Lake. Fewer buses operate during the ear ly 
and la te periods of the season. Bus d r i ve rs 
do not provide ongoing i n t e r p r e t a t i o n but 
answer questions and make short stops to 
view w i l d l i f e . 

Several of the buses deadhead, without 
passengers, i n to the i n t e r i o r of the park 
where they pick up v i s i t o r s at the i n t e r i o r 
campgrounds or along the road. 

An "entrance" s t a t i o n was establ ished 
at Savage River , where a l l p r i va te vehicles 
t r a v e l i n g in to the park i n t e r i o r must pro
vide the appropr iate campground or special 
t r ave l permit that are obtained at the v i s i 
t o r center . 

Bus passenger counts are recorded at 
the Savage S t a t i o n . Bus d r i ve rs also record 
a l l passengers boarding t h e i r buses during 
the e n t i r e round t r i p . 

Fol lowing the incept ion of the ATS, 
park v i s i t a t i o n continued to increase as 
d i d , of course, the use of the shu t t l e buses 
(Table 1-2). Recreat ion v i s i t s i s defined as 
those v i s i t o r s actual using the park f a c i l i 
t i e s or the park road, whi le t o t a l v i s i t s 
includes rec rea t ion v i s i t s and those v i s i 
t o r s passing through the park on the Fa i r 
banks-Anchorage highway. 

During 1971-72 t o t a l t rave l increased 
f i v e t imes, whi le rec rea t ion v i s i t s doubled. 
Most add i t iona l v i s i t o r s were motor is ts as 
p r i va te vehic les increased by mu l t ip les of 
f i v e or s ix rather than doubl ing. Recrea
t i o n v i s i t s increased 400% dur ing the 1971-
1976 per iod . 

This mul t i tude of p r i va te vehicles has 
not u t i l i z e d the park road. Their occupants 
t r ave l by shu t t l e bus. Considering three 
persons in each p r iva te veh ic le and the num
ber of v i s i t o r s t r a v e l i n g in to the park by 
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Table 1. McKinley National Park Total Visits By Year 

shuttle bus, the shuttle displaces a daily 
average of 200 private vehicles which would 
otherwise travel the park road. 

Besides the advantage of reducing the 
number of private vehicles, numerous other 
benefits have been realized by the visitors 
as wel 1 as the park resources and manage
ment. Wildlife remains visible along and 
directly adjacent to the road. Wildlife is 
more readily located as there are 45 pairs 
of eyes in each bus looking for animals, in
stead of three pair in each private vehicle. 
Passengers are seated higher than in a pri
vate vehicle and therefore have improved 
v i s i b i1i ty. 

Travel through the park is easier and 
more pleasant for most visitors when they 
are not driving--"Take the bus and leave the 
driving to us." Traffic safety on the park 
road is, of course, essential and the re
duction and prevention of heavy traffic 
congestion has directly accomplished this 
management goal. Campground use is limited 
to designated capacities by use of travel 
permits to regulate private vehicles to the 
specified campgrounds. Fewer roadside turn
outs, interpretive and information signs, 
and trash cans are necessary along the road. 
Vegetational impact adjacent to turnouts is 
minimal. 

Park regulation and policy information 
is more readily provided visitors. Bus 
drivers advise backpackers of the necessary 
backcountry use permit, as well as educating 

the visitor about closely approaching a 
grizzly bear. 

Approximately 90% of the visitors tend 
to remain on the buses and cause minimal if 
any direct physical impact upon the re
sources (This will also be addressed later 
as a problem). The typical park visit to 
Mount McKinley National Park is made by a 
couple in their mid-twenties, with no chil
dren, who are on their first trip to the 
park, will stay two days, and are not inter
ested in hiking. 

Certain problems and disadvantages also 
exist with the ATS. Overcrowding of the 
system is a major problem. Since 1977, 
buses consistently depart the eastern ter
minus full, with numerous visitors unable to 
travel into the park. 

Many passengers leave the buses at the 
Eielson Visitor Center (western end of the 
basic transportation system), to hike, view 
Mount McKinley, and attend interpretive pro
grams. The early buses therefore return to 
their point of origin half full, resulting 
in a late afternoon shortage of shuttle bus 
seats. Park rangers provide transportation 
and "extra" buses are dispatched to accom
modate the persons left stranded by over
loaded buses. 

Overcrowding results in a more serious 
problem; visitors will not leave the buses 
to hike or otherwise enjoy the park "on the 
ground" because they are afraid to give up 
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Year 

1936 
1939 
1942 
1945 
1950 
1953 
1955 
1956 
1957 
1958 
1959 
1965 
1966 
1970 
1971 
1972 
1973 

Total Visits 

1,073 
2,124 

63 
2,012 
5,961 
6,839 
3,393 
5,122 
2,372 
6,323 

25,819 
21,406 
31,316 
42,344 
58,342 

306,027 
360,132 



Table 2. Recreation V i s i t s and Shut t le Bus Use at Mount Mckinley 
National Park 

Year 

1971 
1972 
1973 
1974 
1975 
1976 
1977 
1978 

Recreation 
Visits 

44,528 
88,615 
137,283 
161,426 
160,600 
157,609 
170,031 
220,907* 
222,247** 

Bus 
Passengers 

(Savage River) 

24,279 
"32,898 
33,365 
42,190 
48,356 
60,459 
59,331 

Bus 
Passengers 
(Boarded) 

142,615 
145,266 
170,100 

* As of September 30, 1978 
* * Projected 

t h e i r seat and r i sk a delay in being able to 
re tu rn to t h e i r camp or room. Thus the 
s h u t t l e bus becomes a " tour " bus i n c o n f l i c t 
w i th the concessioner 's w i l d l i f e t ou r . 

The park concessioner operates a w i l d 
l i f e t o u r , at $18 per person, tha t t r ave l s 
the same route as the ATS. This tour de
parts at 6 A.M. and 3 P.M. d a i l y from the 
hotel at the eastern end of the park, and 
makes a 211 km (132 mi le) round t r i p . The 
d r i v e r i n t e rp re t s the park during the tou r . 
This tour operat ion provides an even more 
r e s t r i c t i v e cont ro l of the v i s i t o r s as they 
do not leave the buses, remaining as part of 
an organized bus group. 

Add i t iona l problems ex i s t i ng are: 

1 . Mechanical f a i l u r e s of ATS buses; 

2. Breakdowns of the w i l d l i f e tour buses 
necess i ta t ing tha t passengers be 
t rans fe r red to shu t t l e buses f o r the 
re tu rn t r i p to the hotel area; 

3. Shortcomings of the buses. School 
buses are designed fo r car ry ing "school" 
ch i l d ren p r ima r i l y on paved roads; they 
are uncomfortable fo r many a d u l t s , and 
suscept ib le to breakdowns on the rough 
gravel road. I d e a l l y , t ou r - t ype coaches, 
w i th large windows, and t o i l e t f a c i l i t i e s 
would provide the necessary v i s i t o r com
f o r t s and serv ices . However, the costs 
and short "annual use per iod" makes such 
coaches un feas ib le ; 

4. Funding, i n a t ime of considerable 
i n f l a t i o n con t i nua l l y l i m i t i n g the num
bers of buses operated - the 1978 budget 
f o r the ATS was $862,000; 

5. I n s u f f i c i e n t p r i va te veh ic le parking 
area at the Ri ley Creek V i s i t o r Center; 

6. D i f f i c u l t y in scheduling the proper 
number of buses at the cor rec t time to 
meet the use demand of the v i s i t o r s ; 

7. The lack of d i r e c t and spec i f i c su
perv is ion o f the bus d r i ve rs by park 
management; 

8. A loss of freedom by the park v i s i t o r 
i n not being able to cont ro l t rave l time 
and locat ions of s tops, and not at the 
same time being in "one's own" veh i c le ; 

9. The disturbance to w i l d l i f e to a def
i n i t e but unknown degree; 

10. Complaints from many v i s i t o r s re
q u i r i n g w r i t t e n response. 

11 . A veh ic le-bus-acc ident has the po
t e n t i a l of 44 i n j u r e d . 

Spec i f i c p r i va te veh ic le t rave l on the 
park road is necessary, but l i m i t e d . Spe
c i a l t rave l permits are issued to the handi
capped, Kantishna mining d i s t r i c t residents 
whose only road access to t h e i r property 
north of Wonder Lake is through the park, 
profess ional photographers, campground use, 
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and for other administrative use. 

The ATS was heavily challenged in 1972 
by numerous Alaskans who believed their 
rights to use the National Park were being 
violated. However, a study, by Gordon S. 
Harrison, University of Alaska, indicated 
that 84% of Alaskans and of non-Alaskans 
favored the shuttle bus system and access 
1 imitation policy. 

In summary, the alternate transporta
tion system in Mount McKinley National Park 
is providing a direct resources protection 
along the park road corridor by limiting 
private vehicle use while transporting park 
visitors into the park. Indirectly, back-
country impact is limited by "control" of 
hikers with bus drivers, and with park 
rangers at the bus termini providing park 
policy and regulation information. 

The transportation system provides a 
service for visitors not requiring the use 
of a private vehicle but rather a "quick, 
convenient" trip through the park. There 
are recognized problems and disadvantages 
with the system. Currently the buses are 
unable to accommodate all visitors requiring 
transportation. However, natural resource 
protection is paramount and at this time 
park management is determining the maximum 
number of buses that will operate on the 
park road, considering the buses as an im
pact. Simultaneously, funding may also be a 
limiting factor. 

It very well may be that if Mount 
McKinley National Park is to maintain its 
integrity as a wilderness area, it will not 
be able to accommodate all persons desiring 
to visit. 

DISCUSSION 

Comment: If someone wants to see all they 
can by road using the bus system, how long 
will it take them to get to the west side? 

Brown: They transfer at the Eielson Visitor 
Center to the other buses. We have three 
buses that do nothing but shuttle between 
Wonder Lake and Eielson. They can transfer 
and go to the Wonder Lake area. We do not 
provide service outside the park. It's 
about an 8-hour round trip to the Eielson 
Visitor Center. There are some private 
lodge facilities and some overnight accom
modations outside the park at the west end 

of the road. They would have a few miles to 
walk to get to these lodges. 

Comment: Do you find that the shuttle bus 
concept was handled successfully to disperse 
overnighters and back-packers? 

Brown: Yes, but not just in itself. I 
would have to go down into the backcountry 
use program. The park is divided into back-
country use units, and there are specific 
capacities or limits. Anybody on the bus 
going into the backcountry already has his 
permit (or should have) and is going to a 
specific destination, normally a drainage 
basin. Our units are pretty much set up 
where major hiking routes are located. We 
do not have trails but hiking is on the 
gravel bars or the streams. So, dispersal 
-- yes, by the transportation system. But, 
more importantly for the backcountry, by the 
backcountry management system itself. 

Comment: Is Wonder Lake camping completely 
eliminated now? 

Brown: Mo, it isn't. I wish it was. It is 
tents only. Twenty-three sites. It sits on 
a small knob right above the lake, and is a 
visual obstruction. It's a crowded camp, 
but has a beautiful view. 

Comment: But by reservation then there is a 
possibility that you can get a reservation 
for campi ng there? 

Brown: Yes. We began taking reservations 
for the four interior campgrounds April 15 
each year. 

Comment: Can you drive through to the Kan-
tishna? 

Brown: We issue special travel permit to 
those people who need access, their only 
access being by the park road to reach the 
Kantishna mining district: i.e. miners, 
residents, the people at the lodges, guests 
of those people at the lodges. We're fairly 
restrictive on other people who are just 
going out for example to sight see or fish. 

Comment: Is Denali a park concession opera
tion? 

Brown: No, Camp Denali is a lodge outside 
the park. It operates on a special use per
mit for providing their guests with tours 
through the park. 

Comment: I'd like to make a comment as a 
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user of the Park. I t rave led through there 
t h i s summer fo r the f i r s t t ime in about ten 
years . And I understand the g r a v i t y of the 
s i t u a t i o n , but though I used the bus system 
and l i k e the oppor tun i ty i t p rov ides, I 
don ' t consider the road co r r i do r as w i l de r 
ness because i t is so v i s i b l e . The other 
comment I would l i k e to make is tha t because 
of the requirement fo r permits fo r the back-
count ry , the Park no longer o f fe rs me the 
same kind of wi lderness experience as I 
might have, say, i n the Brooks Range or the 
Wrangell Mountains. I ' l l admit f r e e l y tha t 
i f I went to the Park again and decided to 
go backpacking, I would not use a permi t , 
mainly because the permit system and the 
backcountry zoning system denies me the 
freedom of choice and spontaneity that is a 
c r i t i c a l part of the whole wilderness exper
ience fo r me. I t has become a Pol ice State 
wi lderness. That 's a l i t t l e strong but i t 
dramatizes the problem of increasing r e g i 
mentat ion fo r backpackers. I enjoy v i s i t i n g 
the Park and I t h i nk i t ' s tremendously va lu 
able f o r w i l d l i f e viewing experiences, but 
as fa r as wi lderness goes, there are other 
places in Alaska where I can s t i l l have an 
u n r e s t r i c t e d , and more enjoyable, wi lderness 
experience. 

Brown: We l l , I'm not t r y i n g to defend the 
wi lderness. I t h ink there are some degrees 
i n wilderness here too . And the co r r i do r to 
begin wi th has a road, and you ' re r i g h t , we 
have a v i s i b i l i t y problem. A v i s i b i l i t y 
problem works i n reverse too . When the 
people come along on tha t bus, on tha t shut
t l e bus, and they look o f f and a ha l f a mi le 
or a mi le away, here 's a b r i l l i a n t orange 
ten t i n the background of a herd of car ibou. 
That 's somewhat d i s t a s t e f u l 1 fo r them. But 
I'm not t r y i n g to say tha t as you ' re using 
tha t shu t t l e bus you ' re having a wi lderness 
experience. 

A wilderness experience should be that 
you get away from the road. Now, as fa r as 
backcountry zones are concerned, we've had a 
soc io log ica l study going in the park t h i s 
year to t r y to give us some answers to some 
of the th ings you've broached, inc lud ing 
noncompliance. Anna Plager, who worked on 
the study is here. So, I suggest you supply 
her wi th any in fo rmat ion tha t you th ink 
would help in our study. 

Comment: Who does the t r a i n i n g of the 
d r i vers? 

Brown: O r i g i n a l l y , i t was the Park Service 
r e s p o n s i b i l i t y . Now, under a concession 

cont ract the concessionaire h i res profes
sional bus d r i ve r t r a i n e r s . 

Comment: I don ' t understand how come there 
i s not a backpacker route tha t uses the 
buses to go from headquarters to Wonder Lake 
wi thout ge t t i ng stranded overn igh t . 

Brown: You can go to Wonder Lake in one day 
w i th no d i f f i c u l t y , provided you leave in 
the morning hours from the eastern terminus. 
Pr in ted schedules are ava i lab le and i t takes 
a l i t t l e thought and planning. 

Comment: I had the opposite reac t ion wi th 
the buses. I thought i t was g rea t , because 
f o r the f i r s t t ime I could go to a place 
w i th no t r a i l and know there would be very 
few people in the whole area I would be 
v i s i t i n g . Another quest ion I have in re
l a t i o n to t h i s idea is wi th more and more 
people who want to use the area. Have you 
thought of any s t ra teg ies to deal w i th 
t h i s? 

Brown: F i r s t , l e t me say that t he re ' s a 
leve l of impact, tha t we're going to accept. 
There is impact from the very f i r s t veh ic le 
on the road. How about a reservat ion sys
tem? A reserva t ion system is being consid
ered as a way to disperse the growing number 
of people. But a nat ion-wide publ ic i n f o r 
mation system is essent ia l to make i t work. 
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ABSTRACT--Quantitative studies conducted dur ing 1973-1974 and 
other observat ions ind ica te tha t t r a f f i c i n Mount McKinley Nation
al Park has demonstrable e f fec ts on large mammals. Reaction types 
are i l l u s t r a t e d by caribou (Rangifer tarandus) and sheep (Ovis 
d a l l i ) behavior, espec ia l l y w i t h i n 200 m of the road. Dust, mo
t i o n , and noise associated wi th vehic les and passengers are prob
lems. Buses increase the passenger/ disturbance r a t i o but need 
improved maintenance, more s k i l l f u l handl ing, perhaps clumped 
schedul ing, and an extended season. Education and contro l of pas
sengers can be improved. "Car fences" which f requent ly separate 
members of animal groups, espec ia l l y bear f a m i l i e s , or block move
ments of sheep bands should be avoided. Possible changes in sys
tem operat ion tha t might lower impact are o f f e red . 

INTRODUCTION 

Does traffic have an effect on wild
life? Yes, but therewith ends the simple 
part of the answer. What kinds of effects? 
And can and should these impacts be managed? 
We will attempt to provide some answers to 
these questions based on studies and obser
vations at Mount McKinley National Park and 
relate them in particular to the role of the 
shuttle bus transportation system that is 
currently in use there. 

The impacts of traffic on animals are 
generally on individuals but at times are 
translated to the population level through a 
summation of individual reactions and 
through group behavior patterns. Some ef
fects such as changes in mortality rates are 
evident only at the population level. Ef
fects on individuals are of several types: 
physiological, behavioral, and distribution
al, for example. When animals are presented 
with new stresses, they may respond either 
"passively" or "actively." A frequent "pas
sive" response is avoidance of areas where 
the particular stimulus is stronger than the 
individual's threshold of tolerance. "Ac
tive" adjustment in the sense that we are 
using the word implies adjustment toward the 
stimulus. This may involve learning that 

real harm is not likely and thereafter in
creasing the level of tolerance for that 
particular stimulus. It may also be accom
plished by sensory filtering; we do this 
with city noise and crowds. Often these 
adjustments are used in combination. 

Gary Brown, in the preceding paper, has 
provided an introduction to conditions in 
Mount McKinley National Park, the history of 
visitation and access, and the shuttle bus 
system which was started in 1972. Late that 
year the National Park Service asked the 
Alaska Cooperative Park Studies Unit to 
investigate the effects of traffic on wild
life and, in particular, the effect of clos
ing the road to unlimited private vehicle 
access. 

It was a bit like trying to weigh a 
long-gone horse using the depth of hoof 
prints in the stable floor. Field work 
lasted two years and is presented in depth 
by Tracy (1977). 

We designed the study with the objec
tive that it would: 

1. Provide a quantitative description of 
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the types and levels of vehicle and visi
tor activity along the road; 

2. Provide a quantitative description of 
the behavioral response of the large mam
mals; 

3. Determine the effects of human activ
ity on the distribution of large mammals 
near the road; 

4. Provide quantitative baseline data on 
the distribution, relative abundance, and 
population composition of these animals; 
and 

5. Suggest ways to minimize the impact 
on the animals as individuals and popula
tions. 

Tracy concentrated on caribou (Rangifer 
tarandus), moose (Alces alces), DafT sheep 
(Ovis dalli), brown bear (Ursus arctos), and 
red fo\x (Vulpes fulva) though information 
was gathered on other species as well. 

METHODS 

The work was planned to take advantage 
of several methods of assessing the way 
animals, mostly la rge mammals, were using 
the area in the v i c i n i t y of the park road; 
t h e i r behavior whi le in tha t zone; and t h e i r 
reac t ion to t r a f f i c . During 1973 and 1974 a 
t o t a l of 70 e ight-hour t r i p s was made on the 
buses (both shu t t l e and hotel tour buses). 
T h i r t y t r i p s in a pickup were made in ser ies 
timed to span the c los ing and opening of the 
road to t r a f f i c in May and September. Over 
300 hours were spent i n tens i ve l y observing 
i nd i v idua l animals and small groups. A 
ser ies of counts was made on large p lo ts 
paired in road/non-road fash ion . 

Over 4,400 observat ions on ind i v idua l 
animals were accumulated i n over 1,100 
groups (excluding large groups of migrat ing 
ca r i bou ) . These observat ions occurred dur
ing the course of the bus r ides between the 
Headquarters end of the road and the Eielson 
V i s i t o r s ' Center at Km 107. The t r i p s were 
set to sample the 0400, 0700, and 1500 hour 
buses in 1973 and the 0400 and 1500 hour 
buses i n 1974. The day of the week on which 
a p a r t i c u l a r t r i p was made was randomized. 
An extensive set of data was recorded fo r 
each animal s igh t ing made from the bus. 
Reactions were c l a s s i f i e d as unknown, no 
v i s i b l e r e a c t i o n , mi ld ( l i m i t e d to watching 
the veh ic le and/or walking f o r a distance 
less than 10 m), and strong (movement at a 

ra te f as te r than a walk and/or f o r a d i s 
tance greater than 10 m). 

In add i t i on to the in tens ive study wi th 
Tracy on e f fec ts of shu t t l e buses, Dean has 
worked in Mount McKinley nat ional Park f o r 
several seasons beginning in 1957 and span
ning the t r a n s i t i o n s from access by r a i l r oad 
on ly , to the opening of the Denali Highway, 
to the opening of the Anchorage-Fairbanks 
Highway. While most of his work has been 
concerned wi th the ecology of bears, he has 
had many oppor tun i t ies to note the reac t ion 
of various animals to t r a f f i c and to observe 
the behavior of people and the way they han
d le vehic les in r e l a t i o n to animals. 

None of the work which we have done 
provides any q u a n t i t a t i v e measure of physio
l og i ca l stress caused by t r a f f i c - a s s o c i a t e d 
s t i m u l i . We have concentrated on the behav
i o r a l and d i s t r i b u t i o n a l man i fes ta t ions . 

DISCUSSION 

There are difficulties in interpreting 
the results of Tracy's study. We may have 
been studying a subset of the park animal 
populations that contains an abnormally high 
proportion of individuals already adapted to 
traffic stimuli. Additionally, there was no 
way to recognize most animals as individ
uals. A high proportion of "short timers" 
in the zone along the road could result from 
a continual flux of animals through that 
zone. Caribou reactions are confounded by 
the coinciding of the park road and the 
major migration route and by the steady 
decline of the caribou population since the 
1940s. * 

What are the most likely sorts of stim
uli and impacts associated with traffic in 
McKinley Park? Because of the extensive 
areas of low shrub and tundra, there is an 
obvious visual sensing of a large, moving 
object foreign to the animal's normal envi
ronment. Noises are produced by the vehi
cles. There are sudden changes in both the 
visual and audio stimuli as vehicles start, 
change gear loading, or stop. Many of these 
stops are associated with animals sighted 
close to the road. Another set of stimuli 
comes from the passengers in the vehicles 
who frequently will make loud noises to pro
duce a reaction from the animal; anything 
for increased photogenicity. People fre
quently disembark from vehicles and may 
leave the road, moving toward the animal. 
Even those that do not leave the road change 
the stimuli from the perspective of the 
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animal. Rather than a single large object of 
a sort that is quite effective as a blind, 
there are suddenly several animated objects 
frequently associated with the need for 
flight. 

Another class of impacts results from 
more direct or mechanical effects: dust 
production and injury or death from colli
sion. All of these stimuli and mechanical 
effects can be manifested in a variety of 
ways. On the physiological level there may 
be abnormally high levels of hormones such 
as adrenaline; digestion may be interrrupt-
ed; energy may be diverted from normal main
tenance into extra nervous and locomotor 
activity. This requires a greater energy 
intake to compensate for the loss and pos
sibly periods of time with particularly low 
levels of disturbance to offset the effects 
of the energy switch. Fetal development and 
survival may be affected if pregnant females 
are subjected to stress. We made no attempt 
to measure these physiological responses, 
but neglect does not remove them. 

Behavioral and distributional changes 
are easier to work with and seem to be dem
onstrable by Tracy's analysis. Some of 
these relate to the spatial distribution of 
animals within the environment and others to 
the manner in which they used their time. 
We will deal first with the least complex 
effects. 

Two impacts of dust come to mind 
directly. Although they have not been ex
amined in McKinley Park, we have no doubt 
that they are significant for some subpop-
ulations of mammals with restricted home 
ranges. Herbivores feeding on forbs or 
browse covered with a significant layer of 
dust will have increased rates of tooth 
wear. Dean has observed very significantly 
increased tooth wear in a muskrat population 
restricted to a diet with a high silica con
tent and believes that the mean life span in 
that population was reduced as a result. 
The same applies to road dust, especially 
for animals whose home ranges may be largely 
or entirely within the wind-blown dust de
posit zone. This zone extends at least 100 
m from the road in many areas and receives a 
substantial dust fall. That could encompass 
the home ranges of some microtines and 
ground squirrels and significant portions of 
the home range for many porcupines, snowshoe 
hares, and even moose in some of the narrow 
stream bottoms. These same animals might 
show lung problems resulting from dust just 
as one would expect in humans who spent much 

of their time in a dusty environment. The 
dust zone affects very small proportions of 
the park population for each of these spe
cies. 

There is a steady but unmeasured drain 
on the ground squirrel population as a re
sult of collisions with vehicles. There are 
fewer casualties among other species. Large 
mammal losses are probably less than one per 
five years. An indirect effect of these 
road kills is a substantial amount of car
rion not otherwise available. Scavengers, 
including ground squirrels, use this source 
of food freely. In doing so, they are sub
jected to an increased risk in traffic 
death. 

Both the amount of dust displaced from 
the road and the number of animals involved 
in collisions are closely related to the 
number of vehicles on the road, vehicle de
sign, vehicle speed, and the manner of oper
ation. More will be said on this later. 

What about some of the kinds of behav
ioral and distributional impacts we have 
noted? In view of time and space limita
tions, we will only present a suggestion of 
our observations. Tracy's analysis indicat
ed the following with respect to caribou. 
Both the percentage of caribou that showed 
visible reactions to buses and visitors and 
the ratio of strong to mild reactions de
creased with distance from the road. Just 
over 60% of the caribou seen less than 100 m 
from the road showed some visible reaction 
to bus-related human activity. Forty-one 
percent exhibited strong reactions within 
this distance. At greater than 400 m less 
than 10% of the animals showed visible 
reactions. A high percentage of the caribou 
within 200 m of the road reacted, and com
bining this with traffic frequency, the 
result of on the order of 4 1/2 mild and 
2 1/2 strong reactions per hour for the 
"average animal" between 0800 and 1700. In 
comparison, literature reports indicate one 
disturbance per 11 hours in the case of car
ibou in the Tanana Hills of interior Alaska 
interacting with bird and mammalian preda
tors (Curatolo 1975) and one non-insect, 
natural disturbance per 8 hours or longer 
for Norwegian reindeer (Thomson 1973). 
Tracy demonstrated that caribou within the 
200 meter zone spent more time traveling 
than did those beyond 200 m. Feeding time 
suffered. In addition, traveling caribou 
tend to be more reactive than those that are 
feeding or lying. One should note that a 
large proportion of the caribou subjected to 
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traffic are already under some degree of 
stress from insect harassment (which can be 
severe), antler production, or lactation. 

Tracy's work failed to demonstrate a 
significant difference between the strength 
of reactions by caribou to buses that passed 
without stopping as opposed to those which 
stopped and did not discharge passengers. 
When people disembarked the percentage of 
strong reactions by caribou nearly doubled. 

The effect of traffic on Dall sheep 
represents a somewhat different sort of im
pact although some features parallel those 
associated with caribou. Most sheep are 
seen more than 200 m from the road because 
of habitat distribution. However, sheep 
encountered close to the road, with the 
exception of a few habituated individuals, 
seem to be more sensitive than caribou to 
noise from either vehicles or people. 

The principal problem relating to sheep 
involves their crossing the road successful
ly during shifts from one section of range 
to another. In most cases these are move
ments from winter range to summer range in 
May or early June and back again in late 
August, September, and October. There is 
ample evidence in the form of observations 
made by both of us that groups of sheep are 
very skittish in approaching the road and 
hesitate to cross if there is traffic in the 
vicinity. They have been seen to deflect 
more than 1000 m in order to avoid close 
encounters with vehicles. This is frequent
ly impossible as the vehicles will move, and 
the sheep are often stalled in their cross
ing attempt. The delay in crossing may 
force migrations across lowlands to become 
considerably extended in time with conse
quent increased exposure to predation by 
wolves and bears. The stress that the 
animals are under is clearly evident. In
creased frequency of strong flight reactions 
by females in late pregnancy may possibly 
affect lamb survival. Individual adult 
animals are likely to suffer an increased 
accident rate as a result of attempting 
escape from vehicles at steep road cuts. 

Although portions of the sheep popula
tion are apparently becoming habituated to 
people, this is taking place most commonly 
in areas far enough from the road so that 
the accomodation is not to vehicles and the 
associated passengers, but rather to people 
as individuals or in small groups who are 
approaching quietly for photographic or 
observational purposes. It is also related 

to locations where the sheep feel secure. 

In addition to the direct and indirect 
stress and mortality suggested above there 
is a broad question of the limitation of 
sheep to units of range which they would 
normally leave fallow during the summer. 
Such range restriction is likely to have 
consequent physiological affects if portions 
of the range become over-utilized and incap
able of providing the necessary nutrients 
for the all-important regenerative recovery 
from the stress of winter and of pregnancy. 
The effect may eventually extend from the 
individual level to a substantial population 
effect. 

There are already several areas that 
seem to be used by sheep much less during 
the summer than was the case in the late 
1950s and early 1960s. The potential of a 
high level of traffic becoming an effective 
though "invisible" fence between winter and 
summer range is a very real one. The cross
ing points used by migrating sheep are usu
ally ridge tops and represent a small part 
of the total road length. No valid alterna
tives exist. The sheep traditionally have 
made movements that must be high risk with 
respect to predation; they may not have buf
fer enough to absorb substantially increased 
stress. 

The "car fence" is a very real problem 
in other ways as well. By "car fence" we 
mean the accumulation of from a few to the 
dozen or more vehicles on a nearly bumper to 
bumper basis in association with a roadside 
animal. Small aggregations of vehicles are 
common throughout the summer season, fre
quently consisting of two or three passenger 
cars and up to four buses. Thus a large 
number of people may be involved and may 
also have an opportunity for viewing an ani
mal. A commonly associated problem is sepa
ration of the members of groups of animals; 
in the case of bears these are especially 
likely to be family groups. Frequently one 
can see such strings of vehicles shift back 
and forth with the movements of the animals 
in order to achieve the best possible oppor
tunity for viewing and photographing. 

The fences are apt to develop and shift 
with the animal to a greater extent in the 
case of bears than is true for other spe
cies. Bears have great attraction; and 
because the potential hazard is at least 
partially recognized, most people are reluc
tant to get too far from their vehicles. In 
many cases the bears are within a few meters 
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of the road; f r equen t l y a female w i l l have 
part of her fami ly on one side of the road 
and the rest on the opposite s ide . There 
have been occasional attempts by bears to 
at tack people in such s i t u a t i o n s , but f o r 
tuna te ly the po ten t ia l f o r real i n j u r y to 
park v i s i t o r s has not been rea l i zed y e t . 
However, these are unquestionably s t ress fu l 
s i t ua t i ons fo r both adul ts and young. Fre
quent ly people in ten t on animals on one side 
o f the road ignore the rest of the group, 
o f ten inc lud ing the female. 

This type of s i t u a t i o n has at least 
three r a m i f i c a t i o n s : (a) d i r e c t stress on 
the animals concerned; (b) substant ia l po
t e n t i a l f o r immediate i n j u r y to the people; 
and (c) a strong c o n t r i b u t i o n to the deduc
t i o n of young bears tha t whi le people may be 
the source of i r r i t a t i o n , they cause no real 
i n j u r y , thus f u r t h e r i n g the development of 
the una f ra i d , aggressive bear populat ions 
tha t seem increas ing ly common in parks. 

The preceding d iscussion was intended 
to i l l u s t r a t e some types of t r a f f i c impact 
on w i l d l i f e and to suggest the cur rent leve l 
of impact. Where are we wi th respect to im
pact thresholds? Our answer is derived from 
a moderately long sequence of personal ob
servat ion in Mckinley Park, Tracy's quan t i 
t a t i v e study, and the reported experience of 
o thers . 

F i r s t though, the po l i cy quest ion of 
at tempting to cont ro l t r a f f i c impact on 
w i l d l i f e in McKinley Park must be addressed. 
Geist (1971) has documented the development 
of habituated animals a f t e r extended associ 
a t i on wi th park v i s i t o r s . Canadian Rocky 
Mountain parks c e r t a i n l y d isp lay morpho-
images of bighorn sheep on road embankments, 
but they are approaching the status of an i 
mated s ta tues. Animals such as these are 
c e r t a i n l y dangerously close to the br ink o f 
using food, s h e l t e r , and/or p ro tec t ion de
r ived d i r e c t l y or i n d i r e c t l y from man. As 
the roadside bighorn begins grazing on lawn 
grass or as a fox turns beggar, substant ia l 
wildness is l o s t . Many people consider an i 
mals tha t have become habituated to man's 
close presence as having los t much of t h e i r 
natural character . Others draw the l i n e at 
the point at which the animal makes use of 
or becomes dependent on man's " se rv i ces . " 
However one def ines " w i l d , " habituated an i 
mals are e i t he r at or very near the boundary 
between w i ld and non-wi ld . 

Most v i s i t o r s t o w i ld land parks are 
a t t r ac ted and rewarded by q u a l i t i e s of w i l d 

ness (even when not in w i lderness) . Granted 
tha t v i s i t o r s are un l i ke l y to come without 
reasonable expectat ion of seeing at least 
several of the c h a r a c t e r i s t i c s species in an 
area; we s t i l l feel that much of the a t t r ac 
t i o n of w i ld parks fo r most v i s i t o r s would 
be l os t i f there were not more uncer ta in ty 
than one f inds at a zoo. The 1978 McKinley 
Park experience wi th wolves suggests tha t 
the aura may fade as hab i tua t ion resu l t s i n : 
"Oh sure, we saw two yesterday." 

The maintenance of the q u a l i t i e s of 
wildness w i l l be extremely d i f f i c u l t in w i ld 
areas tha t are not wi lderness. Mount McKin
ley National Park presents a real chal lenge. 
The eastern ha l f of the present park i s 
nearly a l l accessible to one-day hikers and 
has a road t ravers ing much of i t s best w i l d 
l i f e h a b i t a t ; the country i s bas i ca l l y 
subalpine and tundra ; v i s i t a t i o n is skyrock
et i ng. 

We be l ieve we are at some consequential 
w i l d l i f e impact thresholds and probably past 
o thers . We also fee l tha t McKinley Park 
o f f e r s , and most v i s i t o r s want, a sense of 
wildness tha t should be maintained even i f 
i t means r e s t r i c t i n g access. The precedent 
o f r e s t r i c t i o n has been establ ished w i th 
respect to t rue wi ld land parks in A f r i ca 
where v i s i t o r s do not disembark from veh i 
c les and also in numerous American parks 
tha t have not been w i ld fo r several decades 
at best . 

The t ranspor t system in McKinley Park 
can be managed to keep impact on animals 
from increasing and perhaps even to reduce 
i t from present l e v e l s . There are some 
obvious bene f i t s from packaging park v i s i 
t o r s i n t r anspo r ta t i on un i ts of higher 
capaci ty than personal cars . The number of 
v i s i t o r s per disturbance is ra ised sharp ly , 
and Tracy has shown tha t many animals appear 
not to react more s t rong ly to a bus than to 
a pr iva te car given the same "behavior" on 
the part of the veh ic le . This "behavior" 
includes the manner and rate of opera t ion , 
changes in speed and gear load ing , and the 
noise produced by the veh ic le and the 
passengers. As was noted in the discussion 
of ca r ibou , the disturbance frequency re
s u l t i n g from t r a f f i c at 1973 and 1974 leve ls 
was already many times what has been found 
i n at least two natural or near-natural s i t 
ua t ions . Thus, given the desire to accom
modate as many v i s i t o r s as possible and yet 
minimize disturbance of animals consis tent 
w i th the desired v i s i t a t i o n l e v e l , the use 
of buses i s a very r e a l i s t i c part of the 
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s o l u t i o n . 

What can be done to make i t even bet
ter? Increasing the level of maintenance on 
the buses, both shu t t l e and hotel tour veh i 
c l e s , i n order to reduce the noise associat
ed wi th engines and transmissions would help 
cons iderab ly . Ins is tence on more s k i l l f u l 
operat ion wi th respect to disturbance c r i 
t e r i a and developing a real sense of pr ide 
among bus d r i ve rs in t h e i r a b i l i t y not only 
t o show v i s i t o r s animals but to leave the 
animal as undisturbed as possible fo r the 
next set of v i s i t o r s . This w i l l take more 
in tens ive pre-season t r a i n i n g of d r i v e r s . 
Greater education and cont ro l of v i s i t o r s 
wi th respect to noisemaking and appropr iate 
behavior when viewing animals would help 
cons iderab ly . Current ly t h i s depends on i n 
d iv idua l bus d r i v e r s ' personal concern; they 
are not National Park Service employees. 

Other possible changes in the nature of 
the shu t t l e bus system need carefu l consid
e r a t i o n . One smaller bus, a Mercedes-Benz 
d iesel 19-passenger u n i t , i s cu r ren t l y i n 
use by a lodge owner who t ranspor ts v i s i t o r s 
through the park to a resor t outs ide the 
west-end boundary. Designed f o r scenic 
tours i t is a good veh ic le from which to 
view. I t seems to be qu ie ter in operat ion 
and more comfortable than the school buses 
used as s h u t t l e s . I f t h i s veh ic le type were 
adopted, i t could resu l t i n a qu ie ter opera
t i o n , a more pleasant r i d e , and probably 
less dust product ion. Adversely i t would 
necessi tate a larger number of veh ic le un i ts 
f o r the same number of r i d e r s . At t h i s 
po in t i t is d i f f i c u l t to say whether or not 
the qu ie ter operat ion would o f f se t the i n 
creased number. 

Further reduct ion of the number and 
frequency of vehic les could be achieved by 
t r anspo r t i ng people to reserved camp s i t es 
by s h u t t l e ra ther than by cont inu ing to 
a l low p r i va te cars past the Savage River 
check s t a t i o n . For the same number of veh i 
c le un i ts the number of v i s i t o r s would be 
increased s u b s t a n t i a l l y . 

No attempt has been made to r e a l l y de
termine whether a change in scheduling would 
be b e n e f i c i a l , but some ideas need thought. 
Current ly both the hotel tour and the shut
t l e begin f a i r l y ear ly in the morning and 
run u n t i l l a te in the evening. What would 
happen i f t rue shu t t l e schedules were com
pressed in to the mid-part of the day when 
animals tend to be less a c t i v e , may be res t 
i n g , and thus are perhaps f a r t he r from the 

road and in a less reac t i ve condi t ion? 
Perhaps the ear ly and la te t r i p s could be 
r e s t r i c t l y p roh ib i ted from disembarking pas
sengers except at a few designated stops. 
What would happen i f instead of scheduling 
s ing le buses at f a i r l y short i n t e r v a l s , 
c l us te rs of buses were i n i t i a t e d at less-
frequent s t a r t i n g times with the expectat ion 
tha t the vehic les in the c l us te r would main
t a i n t h e i r assoc ia t ion dur ing the e n t i r e 
t r i p ? This could have the e f f ec t of clump
ing disturbance ( i . e . reducing frequency) 
wi thout d i r e c t m u l t i p l i c a t i o n by the number 
of veh ic les , assuming that vehic le and pas
senger behavior was appropr ia te . This would 
requ i re strong e f f o r t s at dust contro l i f 
passengers in fo l l ow ing buses were to have a 
decent experience. 

The management of t r a f f i c so tha t the 
car fences can be avoided presents a some
what d i f f e r e n t set of problems. In part i t 
i s the problem of scheduling shut t les and 
mainta in ing whatever schedule is set . In 
part i t w i l l requi re some th ink ing about 
whether i t is be t te r to maintain substant ia l 
i n t e r v a l s between parked vehic les from which 
people are observing an animal or to create 
the minimum t o t a l fence length by accumula
t i o n of the vehic les in the shortest pos
s i b l e d is tance. In the case of the bear 
fami ly s i t u a t i o n , when fami ly members are on 
opposite sides of the road, i t may be be t te r 
to leave some space between the vehic les 
through which the animals can pass. Spacing 
of 30 to 50 m is recommended as a t r i a l . 
Appropr iate slow movement of a c l us te r of 
vehic les t rad ing parking spots would provide 
nearly equal viewing oppor tun i ty i n most 
such s i t u a t i o n s . 

Cur rent ly the shu t t l e system car r ies 
w i th i t some c h a r a c t e r i s t i c s of people-hand
l i n g that tend to minimize disturbance to 
animals. People are much more l i k e l y to 
leave p r iva te vehic les than they are buses. 
They are much more l i k e l y to leave the road 
from pr iva te vehic les than they are from 
buses. This may resu l t from ac t ive or pas
s ive i n h i b i t i o n by other v i s i t o r s on the 
buses and, i n some cases, cont ro l by the 
d r i v e r . Concern about loss of a seat is a 
strong fac to r as w e l l . I t f requent ly is 
d i f f i c u l t to encounter a bus wi th an empty 
seat l a t e r on. Thus the shu t t l e bus tends 
to keep people more confined to the vehic le 
and to the road than do p r iva te cars . 
"Fences" are less l i k e l y to las t as long 
when composed of buses due to the reasonably 
f i x e d schedule. 
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Perhaps the greatest con t r i bu to rs to 
car fences dur ing the season the shut t les 
are running are the professional photogra
phers. When they abuse t h e i r special p r i v i 
lege, quicker d i s q u a l i f i c a t i o n might be 
appropr ia te . A f te r the shu t t l e system has 
been shut down in the f a l l , car fences are 
f requent occurrences. On one recent Septem
ber weekend clay Dean observed two dozen cars 
stopped near bears at one po in t , a s t r i n g of 
ten or so at another, another s t r i n g of 
about a dozen at a t h i r d po in t , and a four th 
group tha t involved seven or e ight veh ic les . 
The t o t a l d istance along the road spanned 
j u s t over 24 km; a l l were associated wi th 
bears. 

Reports from long-term users of the 
park road suggest a d e f i n i t e although un-
quan t i f i ed reduct ion in the number of an i 
mals seen from the road as the road is 
opened to t r a f f i c in the sp r ing . On the few 
occasions when Dean has had the oppor tun i ty 
to d r ive the road beyond the point at which 
i t was closed to a l l t r a f f i c in the f a l l , he 
has observed t racks in the snow which i n d i 
cate a high level of use of the road surface 
by bears, wolves, and other animals. In 
some cases the road was being used as a def
i n i t e t r a i l f o r distances exceeding 32 km. 
This would be exceedingly uncommon whi le 
t r a f f i c was opera t ing . 

A l l in a l l , i t seems tha t i f the w i l d -
ness of Mount Mckinley National Park i s to 
be maintained, we need to recognize some 
cons t ra in ts and accept some serious cont ro l 
of access and use. We feel that a modif ied 
shu t t l e system o f fe rs the greatest po ten t ia l 
f o r balancing the number of v i s i t o r s and im
pact . However, we recommend operat ion of 
the shu t t l e system dur ing the e n t i r e period 
tha t the road is open beyond the Savage 
River guard s t a t i o n . 

The shu t t l e system solves only a part 
o f the problem; i f wildness i s to be main
t a i n e d , the e n t i r e quest ion of the primary 
purpose of and benef i ts from Mount Mckinley 
National Park need addressing. The reduc
t i o n of impact from t r a f f i c and people as
sociated wi th vehic les w i l l be hollow indeed 
i f the only o f f - road animals the bus-bound 
see are super-abundant, gaudi ly adorned Homo 
sapiens. 
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DISCUSSION 

Comment: Maybe i t would create more prob
lems than i t would so lve , but what about 
dust p a l l i a t i v e s on the road? 

Dean: The dust problem is something that 
has been thought about. This is not some
th ing I ' ve been d i r e c t l y involved i n . The 
Park Service has been studying road con
s t r u c t i o n in the area, and has looked at 
d i f f e r e n t surface t reatments , a l l the way 
from "no treatment" up to "pav ing , " and dust 
p a l l i a t i v e s have been considered. We've 
t r i e d to get some in format ion on various 
ones. There are some tha t companies claim 
are biodegradeable, t o t a l l y organic natural 
products; tha t can be used on a g r i c u l t u r a l 
s o i l s . Whether they r e a l l y work I don ' t 
know. 

Comment: I would recommend you contact 
Region 6 of the Forest Service. They've 
done a l o t of studying on t h i s , and most of 
those you can put on a sandwich don ' t r e a l l y 
make i t f o r dust . 

G. Brown: In the study t h a t ' s j u s t being 
f i n i shed the Forest Service was contacted. 

Comment: I j u s t wondered i f there have been 
any studies in A f r i ca where animals are seen 
i n parks by people stay ing in veh ic les . I 
was working there one summer. People are 
not permit ted out of the veh ic les . The 

269 



d r i ve r can go chasing across country a f t e r 
animals. I was j u s t wondering i f there 
might be studies on impact i n A f r i ca tha t 
might be cor re la ted wi th your studies of 
impact. 

Dean: I don ' t know. Cathy, have you run 
i n to any references on such impact in 
Af r ica? 

Ream: Yes; there is one ra ther unsoph is t i 
cated study that was published in an A f r i can 
j o u r n a l . Sut I don ' t th ink i t said anything 
tha t you cou ldn ' t have an t i c i pa ted . 

Dean: I t h ink tha t the o r i g i n a l reason fo r 
s tay ing in the veh ic le there was v i s i t o r 
sa fe ty ra ther than animal sa fe ty . 

Krummhol/ 
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REVEGETATING THE FOREST ZONE OF NORTH CASCADES NATIONAL PARK 

William Lester 
Park Ranger 

North Cascades National Park 
Marblemount, Washington 

Sue Calder 
Student Conservation Association Park Assistant 

North Cascades National Park 
Marblemount, Washington 

ABSTRACT--North Cascades National Park was established in 1968 and 
inherited areas of overuse. A rehabilitation program was begun at 
Cascade Pass in 1970 and the subalpine areas were given first 
priority. In 1974 the Backcountry Management Plan for the park 
called for the rehabilitation of old campsites in the forest zone. 
After three years of experimentation we had our greatest success when 
we transplanted in cool, damp weather using small vegetative repro
ducers or transplanted whole micro communities. Visitor education 
was essential for a successful revegetation program. 

INTRODUCTION 

North Cascades National Park was established 
October, 1968 by an act of Congress. The act 
designated a two-unit park plus two 
recreation areas for the purpose of 
preserving the pristine beauty of the peaks 
and valleys. 

The Park inherited from the Forest 
Service a region already showing signs of 
stress and overuse. In the forest zones 
large denuded scars indicated overuse by 
campers and horse using parties at camp areas 
and old shelter sites. In 1972 the use 
increased with the opening of the North 
Cascades Highway, bringing high-speed 
civilization in a rapidly diminishing 
wi ldland. 

Thornburgh (1970) started the 
revegetation effort in the Park by doing a 
survey in the Cascade Pass area and then 
making management recommendations for 
rejuvenating the area. Field studies and 
experimenting begun by the Millers in the 
same area in 1970 proved to be \jery 
successful. In 1974 the Park initiated a 
backcountry management plan. The intention 
was to keep foot traffic to a minimum in the 
fragile subalpine and alpine areas and limit 
camping to designated campsites. This was 
accomplished by providing more camping 
within a day's hike of most trailheads in the 
more tolerant forest zone, and at the same 

time removing camps, fires and horses from 
the less tolerant subalpine areas. 

TYPES OF IMPACT 

Impact was classified into three cate
gories: day, overnight and horse use. Each 
caused considerable impact in a different 
way. 

Day use was concentrated close to 
trailheads, generally within two or three 
miles of the road. Trails become overused 
through concentration of large numbers of 
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people in a small area. New trails were 
created to get around sections with mud or 
water on them. Fishing, sightseeing, and 
water-gathering trails are all very common. 
Picnics, often with fires, are held in closed 
campsites that have been revegetated. 

Overnight campers have caused and 
continue to create most of the problems. In 
the past they could camp almost anywhere they 
wished. Large areas in the backcountry 
became denuded. Today camping is restricted 
to designated sites. Hikers often 
overestimate their abilities and are unable 
to hike to their assigned site. They camp in 
the old worn-out sites, aggravating the 
problem. In designated sites, impact is 
caused by social trails that lead to the 
toilet, to water, and from one site to 
another. 

Horse use in the backcountry has not 
been a major problem for the Park because 
trails were not designed to accommodate heavy 
horse use. Horse use is limited to a few 
regions in the park where the trails have 
been adequately designed and the terrain is 
not too steep. There are areas, most 
prominently subalpine passes such as Cascade 
Pass, that have received a lot of horse 
pressure in the past and still carry the 
scars. 

Common to all impacted areas is the fact 
that soils have been bared, compacted and 
stripped of their upper horizons, making them 
very acidic and unable to sustain plant life. 
Adding to this problem are the effects of 
campfires on the soils. Campfires create two 
kinds of problems, one caused by the 
collecting of firewood and the other by the 
effect of fire and heat on the soil. 
Collecting firewood has a damaging impact: 
it removes important decaying materials from 
logs and branches that are major colonization 
areas for tree seedlings. This also removes 
ground cover that retains moisture and nurses 
vegetation. Fire damage, from its relatively 
high temperatures over long periods of time 
right at the soil surface, causes loss of 
nitrogen and organic matter (Schreiner 1978). 

METHODS 

In 1976, Schubert, Student Conservation 
Association Park Assistant (SCA), began a 
study to attempt to determine whether 
revegation was possible in the forest zone 
during the summer months and which species 
were the most suitable. A method was devised 
whereby photos of impacted and untreated 
sites were taken and a general description of 
the camp written, listing the plant 

communities. At each camp control plots were 
established. The soil was turned in some and 
in others it was left compacted as found. 
One m plots were dug to a depth of 20 cm and 
reasonable efforts made to remove most dead 
roots. The transplants were dug differently 
for each species, but efforts were made not 
to damage the root system. The plots were 
filled with moss, herbaceous plants, shrubs 
or trees or some mix of these. 

Where possible Schubert tried moving in 
partially decayed trees for use as nurse 
logs. The log was half buried to retain 
moisture in it, thus permitting the 
establishment of young conifers as well as 
ground covers. 

All the plants used were obtained from 
the vicinity of the plots but well out of 
sight of trails. The plots were marked with 
survey stakes and surrounded by string. 
After planting, another set of photos was 
taken and records made of the plant materials 
used. Some of the closed camps were watered 
during the summer. 

By moving rocks, logs and brush into the 
sites, efforts were made to prevent further 
use by campers. The area was mulched with 
available organic material such as 
decomposing logs and a sign "NO CAMPING--
PLANT RESTORATION" was placed in the area. A 
map of the area was made showing the 
locations of all plots and nurse logs as well 
as reference marks such as trails and natural 
vegetation. An announcement explaining the 
work was placed on the trailhead bulletin 
board. 

RESULTS 

Seven sites were revegetated during the 
summer of 1976. They were checked two months 
later, and most of the plants survived at 
least during that period. In 1977, Ellman, 
another SCA, had the task of checking the 
work done by Schubert the year before. She 
used a different method of evaluating the 
plots than that used originally, but her 
conclusions nevertheless have some validity. 

In general she felt that there were 
problems in transplanting. Root systems were 
damaged, soil was too compacted, little water 
was available during the hot, dry summer 
months and plants were not matched for sun 
or shade types. Plants that did well at most 
of the sites were Cornus canadensis, 
CIintonia uniflor a and Linnaea boreal is. 
There were mixed results with Vaccinium sp. 
and conifer seedlings. All of the nurse logs 
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were successful. 

To improve further planting success she 
recommended transplanting with plugs of 
vegetation about 25 cm on a side in much the 
same way as the Millers had done in the 
subalpine areas. She also recommended 
continued use of nurse logs, especially in 
areas with soil problems such as in old fire 
rings. Since continued camping in the 
revegetated areas proved to be a problem, she 
suggested scattering brush and rocks in the 
sites and placing "No Camping" signs in all 
sites to discourage would-be campers. 

SUGGESTED TECHNIQUES 

Two full time SCA's, Calder and 
Sarrantonio, were involved in our 1978 
revegetation efforts. Their job was to 
evaluate the work of Schubert and Ellman and 
to continue with revegation on their own. 
From this evaluation, they developed a 
methodology for revegetation in the Forest 
Zone. 

EXAMINING THE AREA 

The area should be examined to determine 
zone type, understory and overstory (shrubs, 
trees, herbaceous plants); natural 
succession patterns (Franklin and Dyrness 
1973); and an inventory of plants, where they 
grow and their interrelationships. 

Information on the denuded area should 
include soil conditions, that is, moisture 
(rainfall retention), compaction, horizons, 
(litter, organic layers, mineral layers), pH 
level, and erosion and drainage factors; soil 
components, that is, silt, clay, rock 
content; sunlight and shade conditions; data 
as to which plants have survived or 
pioneered; native seedling cover; nearby 
water sources; and abundant sources of 
transplants. In addition, it should be 
determined whether the area is still being 
used and how heavy the impact is; and which 
plants would transplant well, remembering 
that a section of soil can differ greatly 
from its neighbors, i.e., one area might be 
dry and devoid of nutrients while another 
might be less impacted and therefore much 
better for revegetation purposes. 

DEVELOPING A REVEGETATION PLAN 

Based on this information a revegetation 
plan can be developed. At this point it is 
crucial to determine whether to begin 
transplanting or to treat the soil first. 
Plants may be transplanted correctly and 

carefully but may perish if the soil is 
particularly poor. Once the soil is ready, 
transplantation can begin. The procedure is 
outlined in detail. 

Day before transplantation: 

1. Water area thoroughly. 
2. Ideally, water plants to be 
transplanted. 

3. If surviving plants and tree seedlings 
will not be disturbed, cultivate in order 
to aerate soil and incorporate richer 
organic layer into nutrient-lacking 
mineral layer. 

Day of transplantation: 

1. Notice weather conditions. Cool, 
cloudy or rainy weather is best for 
transplanting. If air temperature is 
intense, transplant in late afternoon or 
early evening and preferably when the area 
is shaded. If it is hot and dry, plants 
may go into shock. 

2. If the area is to be used for 
experimental purposes also, take a 
photograph before and after revegetation 
so that progress can be monitored. 

3. For each transplant, dig a hole that 
is capable of supporting a root biomass; 
leave the removed soil in recognizable 
horizontal layers of litter, organic, and 
mineral material, so that they can be 
replaced in the proper order. 

4. Space these holes no less than .5 m 
apart. Compacted soil makes spreading 
next to impossible; help the plants out a 
bit. Also, the placement of transplants 
determines whether or not human impact 
will continue. 

5. Remove human rubbish from soil and 
pack it out. Do not bury it, as it will 
continue to pose a problem for soil 
restoration. 

5. Water the holes and allow enough time 
to pass for adequate soaking of the soil. 

7. Cultivate the area around each hole to 
loosen the soil so that root systems can 
spread and moisture can seep into adjacent 
soiIs as wel 1. 

8. In gathering transplants from the 
surrounding area, draw from a large area 
so as not to denude one area. Gather only 
small plants. If they are large, root 
systems are too extensive to be dug up 
without being amputated. Try getting as 
many vegetative reproducers, such as 
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Linnea borealis and Rubus pedatus, as 
possible. 

Do not transplant large saplings or woody 
shrubs. Their success record has been low 
at best. Anything under 5 inches or 12 cm 
has a relatively good chance for survival, 
providing that it is transplanted with its 
own soil and mycorrhizal components. Do 
not remove moss from trees, logs or rocks 
for transplanting because it cannot 
survive without its own habitat 
conditions. When transplanting nurse logs 
submerge sections of the logs halfway into 
shallow troughs, with soil cultivated at 
least 30 cm in all directions in order to 
allow aeration and water percolation to 
occur. When transplanting sections of 
moss from the forest floors, make sure 
that the transplant hole is well filled 
with mosses' native soil. Usually, moss 
when transplanted in this manner, is used 
as a carpeting to support herbaceous 
plants and tree seedlings while they take 
hold in their new habitat. 

Transplant relatively large sections of 
turf (.5 by .33 meters is ideal). This 
will insure adequate room for the roots 
and fibrous hairs that are the plant's 
water absorbers. Turf can be rolled up 
like carpeting and carried in plastic 
bags. 

Do not transplant moisture-loving plants 
into dry soils of impacted areas. Stick 
with tough and strong species from drier 
habitats, ones that are known to survive 
in similar conditions. Dig up plants 
carefully by pointing the shovel straight 
down rather than inward through the 
plant's root system. Remove the plug by 
lifting up with the shovel; do not pull 
the plants as they will become bruised or 
broken in the process. Make sure to get 
plenty of the nutrient-rich soil 
underneath; this is what is lacking on the 
impacted sites. Frequently, plants to be 
transplanted will have large root systems 
of other species directly beneath them. A 
sharp rap with the shovel may cause these 
to crack. Nurse logs, too, may be broken 
with the blade of a shovel, and moss may 
be removed from logs in the same manner. 

Do not transplant scraggly or fragile-
looking plants. 

Transplant plants in sturdy garbage bags 
or tarp slings. Do not pile them on top of 
each other because plants can be damaged 
easily and must be strong when 
transplanted to survive the shock of a new 

environment. 

9. Cover resulting scars in the forest 
with debris and mulching in order to help 
these areas recover also. 

10. Do not dig up more plants than can 
possibly be transplanted immediately. Do 
not leave dug-up plants sitting in the sun 
for any length of time. If they must sit 
for a while, cover them or at least cover 
their roots with plastic or dirt. 

In transplanting, water transplant holes 
again with a weak solution of root 
stimulator (strong solutions will tend to 
burn plant roots). Transplant the plant 
and its accompanying soil, but try not to 
double the roots over upon themselves. 

CONCLUSIONS 

In the past three summers, revegetation 
in the forest zone of North Cascades has 
proven to be feasible and successful in the 
majority of cases. Though still hampered by 
numerous problems, our 1978 evaluations 
demonstrate that, with some effort, 
difficulties can be overcome. 

During the hot dry summer months of 
1979, two or three prople will do a survey of 
the revegetation needs of the park. A 
comprehensive plan will then be written. 
It's suggested that anyone thinking about 
revegetation do this first. A program for 
each site is essential for a smooth operation 
of a revegetation program. 

The plan will include the amount of work 
each area needs, a general description of the 
site, a plant inventory, what time of year 
the area can be reached and the best time for 
revegetation. 

With such a plan, four or five months of 
work could be planned well in advance, saving 
time and making more headway. 

The one big problem is visitor 
education. How can we get our message 
across? Next summer at our permit station we 
will have a display of our revegetation 
efforts and a mock Minimim Impact Camp. It 
will demonstrate how to camp with little or 
no impact on the environment. Our 
Backcountry Techs will have more training in 
revegetation techniques and how to teach 
Minimum Impact Camping to the visitors. We 
will be publishing a self-guiding nature 
trail booklet explaining our revegetation 
efforts and developing a better sign for the 
revegetated site. 

With these efforts I think we will see 
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much more understanding from the public and 
more headway in our efforts to heal some very 
old scars. 
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ABSTRACT--Campsites and trails established in the Lyman Lake area 
for early mining continued to be used by recreationists. In 1973 
Forest Service Managers started rehabilitating the area by in
fluencing public behavior, removing campsite facilities and 
beginning revegetation efforts. These actions were successful in 
increasing plant cover on impacted sites, and in 1978 the plant 
response to the various revegetation treatments was documented. 
Seedbed preparation techniques had proven most successful in pro
viding new plant cover. Luetkea pectin at a and Polygonum bis-
tortoides were the most important contributing species. 

INTRODUCTION 

Although the 1964 Wilderness Act defined 
how classified wilderness areas were to be 
managed, it left the interpretation of "un-
trammeled by man" to field managers. This 
paper is a case history of restoration ef
forts at Lyman Lake and is a first-hand ac
count of how Forest Service employees 
wrestled with the questions of "What is im
pact?",, "How much can be tolerated?" and 
"What can be done to reverse it?". 

SITE DESCRIPTION 

The Lyman Lake/Cloudy Pass area is lo
cated in the North Cascade mountains of Wash
ington within Glacier Peak Wilderness Area 
and is 11 miles northeast of Glacier Peak, 8 
miles west of Holden Village, and 7 miles 
east of Image Lake. The elevation ranges 
from 1,676 m at Lyman Lake to 1,931 m at 
Cloudy Pass. 

The sandy loam soil surrounding the area 
(McColley 1976) is porous, light in weight, 
low in fertility, is highly susceptible to 
both wind and water erosion, and has a 
generally low water holding capacity, but due 
to the porosity of ash in the soil, the water 
holding capacity may be somewhat higher in 
places. It also ranges from frigid to cryic 
(colder than frigid) and varies in depth from 
180 cm to only a few centimeters. 

The area averages 275 cm of precipita
tion per year, mostly in the form of snow 
accumulating between November and April. In 
a normal season snow pack recedes to the 
point of making the area usable by July 15th 
and is the greatest deterrent to early rec
reational use. 

The vegetation at Lyman Lake is transi
tional from a mountain hemlock subalpine 
forest to a sedge subalpine meadow. Cloudy 
Pass is strictly subalpine meadow of low 
herbaceous and heather plant communities 
(Franklin and Dyrness 1973). 

WASHINGTON 
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HISTORY 

The Railroad Creek Trail to Lyman Lake 
was built in the early 1900s and used by 
miners. From 1937 to 1957, 500 people 
resided at Holden Village, the largest of the 
mining operations. During the Holden mining 
days, groups as large as 50 people and 70 
horses traveled up the trail some 13 km (8 
miles) from Holden Village around Lyman Lake. 

After 1950, horse use declined, but 
hiker travel increased dramatically. Al
though the impacts in terms of type of user 
lessened, the hikers gravitated to the 
already denuded areas around Lyman Lake. 
Users have included not only Holden visitors, 
but also outfitter-guides, Boy Scouts, and 
commercial groups, such as National Outdoor 
Leadership School and Northwest Outward 
Bound. 

THE MANAGEMENT PROBLEM 

When the Wilderness Act was passed in 
1964, tent trenching, horse tethering, and 
continuous use of fragile sites at Lyman Lake 
were still considered as acceptable prac
tices, and tables, fireplaces and willowa 
toilets remained as convenient attractions to 
users. 

The first step taken to reduce soil and 
vegetation loss was the relocation of the 
Cloudy Pass trail which had grades up to 30%. 
Unfortunately the only provision made to 
restore the abandoned trail was to block off 
the entrances with logs. Users continued 
using the old trail during the early season 
when snow still covered the new trail. 

In the early 1970s, wilderness rangers 
at Lyman Lake began to be concerned about 
increasing devegetation and erosion. Super
visors, however, still felt uneasy about in
troducing restrictions on use in an area to 
be managed as Wilderness. Lyman Lake con
tinued receiving heavy use until a wilderness 
ranger's documentation in the early 1970s 
clearly demonstrated the continuing loss of 
plant cover and soil. In 1973 an action plan 
was developed and implemented. It called for 
a program of public information, education 
and enforcement. Campsites were removed or 
relocated and revegetation work was started. 

Since erosion and plant loss was 
greatest within 60 meters of the lakeshore 
camping was prohibited and all tables and 
rock rings were removed. Areas completely 

devoid of vegetation were spaded, trans
planted, and fenced with stakes and twine. 
The wilderness ranger, portal guards, and 
receptionists were trained to make contact 
with the public and explain the what, where, 
and why of the program. In addition, we 
placed signs at alternate campsites in the 
more tmpactresistant forest to attract people 
before they got to the more fragile sites 
around the lake. 

REVEGETATION TECHNIQUES AND RESULTS 

Lyman Lake 

Impacted sites around the lakeshore are 
under the influence of a coniferous canopy, 
either on the edges of clearings and meadows 
or in tree islands. Therefore, the results 
are best described as a plant response in the 
margin between forest and meadow. The lake 
receives its heaviest use during periods of 
bad weather when campers are seeking shel
tered campsites, scenery and exposure to the 
sun. 

Three years after spading abandoned 
camps and trails to a depth of 20 cm and 
leaving the seeding to mother nature, native 
species had established themselves in the 
spaded areas in between transplanted plugs. 
Frequency counts identified partridge foot 
(Luetkea pectinata Kuntze), small winged 
sedge (Carex microptera Mackenzie) and Ameri
can bistort (Polygonum bistortoides Pursh) as 
the most prominent invaders. However, on 
sites with heavy shade the response was poor, 
and a Vaccinium species was the only 
significant contributor. This summer of 1978 
we observed the soil compaction in one camp
site to be 17.5 cm deep, suggesting that the 
20 cm spading treatment was adequate. 

The transplants at Lyman Lake were done 
in conjunction with spading the entire site. 
Most of the plugs planted since 1973 have 
survived and show vigorous plant growth above 
the plug but are not yet spreading beyond. 
In many cases the species invading the spaded 
area are different from those on the plugs, 
indicating that the transplants are not 
serving as a seed source or spreading vegeta-
tively. To some extent the failure of the 
plugs to contribute to further revegetation 
may be due to their transplantation from a 
sunny meadow into a partially shaded forest 
margin. 

In 1978 we mulched with rotten log 
material on a limited basis. Shortly after-
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wards, Phil McColley, Soil Scientist for 
Wenatchee National Forest, came up to Lyman 
Lake and found very cool soil temperatures in 
the subalpine forest margin. The August 
morning soil surface temperatures were 9 C, 
at a depth of 50 cm below the surface the 
temperatures were 5°C. McColley questioned 
the use of organic mulches, which in his 
opinion acted as an insulator, keeping soils 
cool and slowing plant growth. He also 
pointed out that putting woody organic matter 
on sites would raise the carbon-nitrogen 
ratio and might immobilize available nitro
gen. 

Cloudy Pass 

Two different treatments were applied to 
the lower trail and steeper upper trail at 
Cloudy Pass. Early revegetation efforts on 
the lower trail involved a ground preparation 
of spading to a depth of 20 cm and the 
occasional addition of brush to impede 
travel, alleviate visual impacts of ruts, act 
as sediment traps and provide root runs for 
invading plants. Three years after treatment 
the plant response was fair where the brush 
was located. An estimated 30% to 50% of the 
ground was covered by vegetation. Relative 
abundance ratings showed that American 
bistort and woodrush (Luzula spp.) were the 
most important contributors coming up through 
the branches. Partridge foot was also a 
significant contributor, but only on the side 
walls of the deepest ruts where nothing else 
was growing. 

In 1975 we tried seeding with western 
anemone (Anemone occidental is, Wats) in a 
spaded soil, but it failed completely. Nor 
did we find it invading other spaded areas, 
even though there is a plentiful natural seed 
source. This suggests that it does not favor 
disrupted sites. 

In the summer of 1977 the upper section 
of the abandoned Cloudy Pass trail was re-
spaded to a depth of 20 cm and jute netting 
was installed. The netting is lawn green in 
color, but quickly fades to light green and 
will decay within 10 to 15 years, during 
which time it helps to prevent soil erosion. 
One year after treatment the results are 
encouraging. Partridge foot, American 
bistort, and alpine speedwell (Veronica worm-
skjoldi i, Roem and Schult) are the most nu
merous species coming up through the jute 
netting. 

The transplants in both upper and lower 
Cloudy Pass trail have survived well -- per
haps 80% to 90% survival -- though a few near 
the top of the pass were killed by frost 
heaving. As was the case at Lyman Lake, 
there was vigorous growth on the plug, but no 
growth spread beyond the plug, and there is 
no contribution to seeding. The plugs were 
taken from a sheltered residual microhabitat 
and moved into a more exposed rawmark habitat 
(Franklin and Dyrness 1973). Soil Scientist 
Phil McColley observed the soil compaction on 
the trail by digging a pit and looking for 
the platy soil structure indicative of soil 
compaction. He found it to be 35 cm deep. 
The treatment of spading the top 20 cm in the 
area around transplants may not have been 
adequate to allow root penetration by the 
transplants. 

In the summer of 1978 we started work on 
the trail from Cloudy Pass and going down the 
west side to Agnes Creek. The work involved 
rehabilitating 36 m 2 of old trail. At one 
end of the trail 18 m 2 were transplanted, 
mulched, and brush was placed in the trail. 

The total cost for rehabilitating 36 m2 

of old trail was $315 in 1978. 

Estimated Cost for Revegetating 
36 m" of Abandoned Trail: 

Roll of jute netting $50.00 

Labor to cut netting usable 
width for trails (6 hours) 20.00 
Horse packing costs: 

Packer wages (7 hours) 45.00 

Animal maintenance 
(project share of annual 
cost to maintain stock) 60.00 

Labor (28 hours) 140.00 

TOTAL $315.00 

CONCLUSION 

The deterioration of Lyman Lake was 
first recognized by a wilderness ranger who 
was stationed at the Lake during three 
summers. His perseverance and year-to-year 
photo documentation of site degredation con
vinced those with authority to institute 
regulations and a restoration program. 
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IMAGE LAKE REHABILITATION PROJECT: GLACIER PEAK WILDERNESS 

Bernard A. Smith 
Head, Wilderness and Special Areas Section 

U.S.D.A. Forest Service 
Portland, Oregon 

ABSTRACT--Significant modifications of plant-community composition 
and loss of vegetation due to long-term grazing and recreation use 
in the Image Lake basin have been recorded. Management efforts 
beginning in the late sixties and continuing to the present have 
been aimed at reducing use and at reestablishing a natural 
appearance in the lake basin. Transplanting native materials and 
spading compacted soils have worked well to initiate the long 
recuperative process. 

INTRODUCTION 

Image Lake is located in a small basin 
on Miner's Ridge sixteen miles by trail into 
the west side of the Glacier Peak Wilderness 
in Washington. The area has been of interest 
for many years. A significant east-west 
Indian trail was located nearby; it later 
provided access for sheepherders and miners 
who moved into the area in the early 1900s. 
Recreationists came somewhat later, but when 
they did, it was in great numbers. 

A shelter was constructed at the outlet 
of Image Lake by a volunteer group in 1951. 
As word of the beauty of the area spread, 
more people visited the lake, including many 
large backpacking and horse groups. Other 
facilities including hitchrails, signs, and 

toilets were installed to localize impacts 
from increasing use. Recreation use here 
reached a peak of about 2,000 camper-nights 
annually in the early 1970s. By this time an 
extensive trail system and a great many 
denuded campsites had developed around the 
lake. 

THORNBURGH'S RESEARCH 

The impact of recreation on vegetation 
and soils was initially surveyed by Dr. Dale 
Thornburgh and incorporated into a Master's 
thesis in 1962. Twenty-five permanent 
transect plots were located in the lake basin 
for later evaluation. These transects were 
restudied in 1966, and in 1971 they were 
again measured and a more complete vegetation 
survey of the lake basin was completed. 

Thornburgh described the Image Lake basin 
1,828 m (6,000 ft.) as part of the Mt. Baker-
Subalpine Zone and listed 7 plant 
associations. 

1. Subalpine fir type. This plant type 
occurs in clumps of Abies lasiocarpa on 
the outer edges of benches, on convex 
slopes and on mounds or small spur ridges 
throughout the basin. Soils are well 
drained and free of snow early. 

2. Phyllodoce-Vaccinium type. This plant 
type is characterized by condominants 
Phyllodoce empetriformis and Vaccinium 
del iciosum and occurs in the same 
microsites as the subalpine fir-type. It 
is a successional stage which will be 
slowly taken over by subalpine fir. 
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3. Phyllodoce-Cassiope type. This type 
is dominated by Phyllodoce empetriformis 
and Cassiope mertensiana and is found on 
well-drained soils on convex slopes and 
small hills or mounds. The dominance of 
these two species tends to retard the 
growth of other plants by creation of 
acidic and nutrient-deficient soil 
conditions. This type is very sensitive 
to recreational impacts. 

4. Vaccinium deliciosum type. This type 
is dominated by Vaccinium deliciosum but 
also contains a rich mixture of showy 
flowering herbs; it occupies steep, well-
drained slopes around the lake basin. 

5. Herb-dominated meadow communities. 
Lumped in this type are a number of herb 
or grass dominated communities. The herb-
rich communities occur on moderately 
drained slopes, while the grass and sedge 
communities occupy poorly drained sites 
and/or those which experience late snow 
melt. 

6. Antennaria lanata-type. This herb 
rich community dominated by Antennaria 
lanata is classed separately because the 
species here indicates a recovery from 
severe recreation or grazing impacts. 

7. Wet-sedge type. This sedge meadow 
type occurs in perennially wet 
depressions. 

Thornburgh's work concludes that the 
most obvious effects of man's use of the 
basin for recreation and grazing are the loss 
of vegetation where use concentration occurs 
and a change in the character and composition 
of plant communities. Management efforts 
prior to 1971 had allowed some areas to begin 
a recovery; however, increasing recreation 
use was causing damage in others. 

Thornburgh recommended Polygonum 
bistortoides for rehabilitation work. His 
research also indicated that certain species 
were resistant while others were susceptible 
to impacts, as follows. 

Resistant species included Antennaria 
lanata (Pussytoes), Aster foliaceus (Aster), 
Potentilla flabel 1 ifoli a (Fanleaf 
cinquefoil), Argrostis idahoensis (Idaho 
redtop), Deschampsia atropurpurea (Mountain 
hairgrassJT, and Luetkea pectinata (Alaska 
spirea). 

Susceptible species included Phyllodoce 
empetriformis (Red mountainheath), Vaccinium 

deliciosum (Delicious blueberry), Valeriana 
sitchensis (Sitka valerian), Phlox diffusa 
(Spreading phlox), and Lupinus arcticus 
(Alpine lupine). 

MANAGEMENT ACTION 

Sparce documentation of early management 
actions provides only a general picture of 
the actions taken and weak evaluation of 
their effectiveness. 

Sheep grazing on Miner's Ridge was 
terminated in 1940. Also, in 1963 a trail 
was constructed around the lake in the upper 
basin to help draw use back away from the 
lake. Previously the main trail had been 
through the basin, across the lake's lower 
end -- an area of limited flat space and the 
area receiving the most concentrated 
recreation use. 

Recreation management throught the 60s 
could be described as anthropocentric. The 
approach was oriented at concentrating use by 
addition of facilities for user convenience. 
These facilities included hitching rails, 
trails, toilets, and a shelter. 

Several factors helped stimulate a 
change in management to a more biocentric 
approach. These factors were (1) passage of 
the 1964 Wilderness Act with subsequent 
policy development, (2) Forest Service 
interaction with users, and (3) Thornburg's 
work. Management objectives in recent years 
have focused on reestablishing a natural 
appearance in the lake basin by lessening 
obvious signs of human influence. To 
accomplish this objective the Forest 
Service's efforts have been directed toward 
(1) changing recreation use patterns and (2) 
utilizing various techniques to reestablish 
native vegetation. 

The more important management tech
niques employed at Image Lake are summarized 
below. Evaluation of a specific technique is 
difficult since many techniques were employed 
simultaneously. 

Reseeding 

Prior to 1971 the seeds of Anemone 
occidentalis were collected and sown in 
denuded areas. Commercial mixtures of grass 
seed were also tried. The soil in treated 
areas was spaded. Corms of Erythronium 
grandiflorum were also transplanted into 
denuded areas. Several hundred pounds of 
bark were spread to a depth of 1 to 2 inches 
around the shelter and used as a mulch over 
seeded ground. 
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Evaluation. None of these efforts met 
with noticeable success. Seeds or corms did 
not take. The bark dried and was carried 
away by wind and foot traffic (despite string 
fences) and by next season little remained. 

Visitor Contact 

Prior to 1972 a wilderness ranger 
stationed at Image Lake was the only Forest 
Service contact with visitors. The objective 
of visitor contact was to protect the shore
line areas and to move campers away from the 
lake shore. There was also an effort to 
channel use on the lake's lower end onto 
paths and limit camping to one party in the 
shelter at a time. 

Evaluation. Users moved back into the 
subalpine fir clumps and away from the lake-
shore. They frequently moved into areas 
containing the Phyllodoce Vaccinium plant 
community which was more sensitive to recrea
tion impacts than the lakeshore plant com
munities. The shelter area continued to be 
unmanageable. 

Plug Transplantation 

After 1971 the primary revegetation 
technique used was transplanting plugs of 
herbaceous vegetation from an out-of-the-way 
spot into a denuded area. Plugs were 
generally about 20 cm square and were set 
into the ground slightly below the surface. 
Transplanting began as soon as the snow 
melted and ended about mid-summer. An 
attempt was made to water the plugs for a 
period after transplanting. 

In areas of completely denuded soil the 
whole site was spaded before transplanting. 
Compacted soil was usually not turned over 
but just loosened so as to reduce compaction 
and a rough surface to catch seeds. 

The technique used involved the use of 
two washbasins. The transplant was dug and 
placed in one. Soil from a hole to receive 
the transplant was removed and placed in the 
second basin and was then used to fill the 
transplant's original site. Most recently 
transplant material has been collected 
entirely from spots where it has sloughed off 
onto trails and would be removed with normal 
trail maintenance. 

Evaluation. Transplanting plugs of 
native material was quite successful with 
little mortality of transplanted material. 
Simple spading of the soil yielded good 

'quantities of strong plants in 2 to 3 years. 
Costs for this treatment are obviously lower 
than for transplanting. Exclusion of users 
from the treated sites contributed to the 
plant survival success. Campsites and user-
built trails in sedge-grass and Vaccinium 
which were only lightly impacted recovered 
fairly well in about 5 years. 

The amount of time required for vegeta
tion to reestablish itself on more heavily 
impacted sites appears to be in the neighbor
hood of 20 years. Work with campsites and 
fire rings has been satisfactory; well-
entrenched trails are more difficult to 
rehabilitate. 

Areas from which large numbers of plugs 
were removed looked raw for two or three 
years. 

Efforts to Change Recreation Use 

A number of techniques were employed to 
change recreation use patterns in the lake 
basin. 

Wilderness permits were required in 1972 
of all overnight visitors in the Glacier Peak 
Wilderness. This permitted contact with 
users before they got to the lake to 
encourage use of alternative areas and 
minimum impact techniques. Visitors have 
been very cooperative when informed of the 
rehabilitation project and restrictions they 
would encounter. By 1974 backpackers were 
asked to camp only at sites below the lake. 
Livestock users were asked to camp at Lady 
Camp about 1 mile east of Image Lake and to 
keep horses on the upper basin trail. Users 
were also asked not to build fires anywhere 
in the lake basin. In 1975 regulations 
replaced voluntary requests for camping and 
fire restrictions used in 1974. Maps showing 
alternative camp areas were given to users 
when they received a permit. The wilderness 
ranger's camp at the lake was abandoned and 
the ranger camped at the Miner's Ridge 
Lookout 1 mile west. 

Signs and string fences were used to 
encourage users to stay out of the areas 
being rehabilitated. Handwritten notes from 
the wilderness ranger were posted on 
trailhead bulletin boards and sign boards at 
entrances to the basin. These notices 
informed the public of the problem and 
explained rehabilitation. The notes also 
encouraged user cooperation. 

In 1975 wilderness rangers began keeping 
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maps and notes of rehabilitation so sites 
could be evaluated later. 

Evaluation. Management restrictions pro
gressed from voluntary to mandatory measures. 
Use in the basin dropped from an estimated 
2,000 camper nights (backpackers and live
stock users) per year in the early 1970's to 
approximately 1,000 backpacker nights per 
year in 1975-77. Almost all overnight horse 
use now occurs at Lady Camp, one mile east of 
the lake. It has been possible to reduce 
overnight use in the lake basin by dispersing 
use and to make a good start on reestablish
ing native vegetation in the most visible 
areas. A trade-off that has been considered 
acceptable is the increased loss of vegeta
tion at the Lady Camp horse camp and the 
backpackers' camp below the lake basin. By 
1977 vegetation at these two camps had 
stabilized. Efforts have been made to 
involve users in decision making and public 
acceptance of these management actions has 
been outstanding. Volunteers, especially 
children camping at the lake with parents, 
have been very helpful with watering and 
transplanting work, but wilderness ranger 
supervision was necessary. 

CONCLUSIONS 

Transplanting and spading techniques 
worked well when combined with efforts to 
exclude hikers from treated areas. Costs for 
rehabilitation would be very high if it were 
not for the large amount of volunteer labor 
contributed both by wilderness rangers and 
area visitors. Following basic scientific 
methods for rehabilitation would have allowed 
for'detailed evaluation of work and greater 
efficiency. Employment of wilderness rangers 
skilled in horticultural practices and/or 
botany was very helpful. Public cooperation 
with such projects is essential. 

DISCUSSION 

Comment: Bernie, you have had much success 
at Image Lake. What has happened to the 
areas where you have diverted campers? Have 
they caused a consequential degradation in 
the vegetation? 

Smith: The Image Lake basin receives half 
the use now that it did in the early 1970s. 
Wilderness permit data for the last 3 years 
shows a relatively stable use level of about 
1,000 camper nights a year. We were able to 
disperse use and rehabilitate the areas of 
major concern. We've also made some trade
offs. The horse camp at Lady Camp is 

probably more heavily impacted than it was 
previously, and also the backpacker camp 
shows heavier use than it did previously. 
We've shifted the use to areas where impacts 
are insignificant or at least more acceptable 
than in the lake basin. 
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ORV SITE RESTORATIONS 

Thomas J. Spolar 
Resource Assistant 

Wenatchee National Forest 
USDA Forest Service 

Ellensburg, Washington 

ABSTRACT--Resource damage from ORV use can be minimized through 
good facility design and proper location with full involvement of 
the user. Rehabilitation efforts must involve management objec
tives, alternate routes, signing and user contacts. 

Off-road-vehicle (ORV) use, like other 
recreational uses, often leads to the need 
for site rehabilitation. Successful rehabil
itation rests on the manager's knowledge of 
good facility design and the experience 
offered to and/or anticipated by the recrea-
tionist. 

Many ORV routes are converted trails and 
stock driveways designed and built for low-
volume use by foot and horse travelers. 
Their location did not include consideration 
of maximum snow-free periods or maintenance 
costs. Meadows and grasslands are frequent 
destinations, and usually the trail traverses 
rather than skirts them. 

Most trails are not designed with proper 
grades, tread width, drainage and switch
backs. All of these affect user experience. 
Excessive grades magnify drainage problems. 
Poorly designed and constructed switchbacks 
can lead to cutting and in some cases, hill-
climbing. Narrow tread width can pose safety 
problems, particularly on steep side slopes. 
Good redesign, particularly of switchbacks, 
can ward off many of the problems associated 
with our inherited trail systems. 

Opportunities for all age and skill 
levels are needed. A major problem encoun
tered adjacent to campsites is hillclimbing 
by unsupervised youngsters. What does a 
youngster do with a bike when he lacks the 
capability of handling a trail or is not 
asked to participate with adults? He finds 
an alternate source of enjoyment, usually in 
hillclimbing in the vicinity of the campsite. 
Rehabilitation of these impacted areas starts 
with informing the user of the problems and 
providing acceptable alternatives for bike 
riding. Not until education is successful 
can the actual restoration begin. 

My experience shows that grade and tread 
rehabilitation is best accomplished by fill
ing the old tread with plenty of brush. This 
slows down runoff and provides microsites 
suitable for the establishment of native 
vegetation or seeding. 

Four-wheel-drive routes can be water-
barred and seeded. On some sites, if acces
sible, a road grader may be used to scarify 
the tracks. They may then be water-barred by 
hand and left for adjoining native vegetation 
to invade. I plan for three to five years for 
satisfactory site recovery. 

Land-management objectives must be re
viewed and analyzed to determine the type of 
rehabilitation to be undertaken. We have had 
success revegetating sites with proven domes
tic grasses and native shrubs, according to 
soil types and aspect. Backcountry and high-
elevation sites or any mangement zone with a 
high visual constraint are treated to retain 
the native vegetation if possible. 

Vegetation change from four-wheel-drive 
vehicles is most severe on wet meadows, and 
site protection is the most efficient healer. 
Dry meadows and grasslands require scarifica
tion, soil replacement and protection from 
use for long periods of time. These sites 
can be protected with brush, fallen trees and 
logs. Stream crossings used by four-wheel-
drive vehicles can be protected by hardening 
such as corduroy built from logs or with 
available river rock. 

The ability of the outdoor-recreation-
vehicle user to get around is, in general, 
limited by vegetation and topography. Timely 
maintenance is a must. The user's ingenuity 
gets him through many tight spots, but if the 
track or trail is poor, he may deviate from 
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the constructed route, causing additional 
damage to vegetation and soil. 

Involving the user in site rehabilitat
ion is of major importance. I use signing 
and personal contacts to identify and de
scribe projects and to inform the user of 
alternatives. I am most successful getting 
user support and understanding by assuming 
that the vehicle user has a basic purpose--to 
enjoy his outing--not to destroy the forest. 

DISCUSSION 

Comment: What's the annual precipitation in 
the areas where you did that rehabilitation? 

Spolar: We're at an advantage over what 
you're trying to do in the high country. 
Generally, we're working in better soil types 
and higher precipitation zones. The precipi
tation is about 100 cm (40 inches). 

Question: Is most of that precipitation 
winter snowfall, or do you get summer rains? 

Spolar: It's mostly winter snowfall. 

Question: Are you systematically eliminating 
all of your jump sites or your hill-climb 
sites? 

Spolar: No, the primary reason for closing 
hill-climb sites is visual considerations 
such as visibility from campsites. Hill-
climb sites are acceptable on established 
hardened sites where there is no soil runoff 
into streams. Our trail program is intended 
to provide something for the total family 
with a mix of skill levels. 

Question: Do you think that building steep 
sections such as sections with a 40 or 50% 
grade would provide enough challenge to allow 
you to eliminate hill-climbing areas? 

Spolar: No, I think it's the tree roots, 
rocks, and deep tread where your motorbike 
pegs are dragging that provide challenge. 
Without those, little skill is needed because 
most of the high horsepower bikes that are 
out would have little difficulty on a 40 to 
50% grade. We're trying to leave a few of 
these challenging situations on some of our 
ridge-top trails, particularly where erosion 
is not a factor, that is, where it is rocky, 
or very stable soil. If we find this kind of 
situation, we provide an alternate route for 
those who do not want the challenge. 
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SOIL AND VEGETATION RESTORATION AT THE SUNRISE DEVELOPED AREA, 
MOUNT RAINIER NATIONAL PARK 

Joseph C. Van Horn 
Resource Management Technician 
Mount Rainier National Park 

National Park Service 
Ashford, Washington 

ABSTRACT--A review of principles and techniques found successful 
and unsuccessful in resource restoration work in a subalpine envi
ronment at Mount Rainier National Park, Washington is presented. 
Specific references are made for controlling major erosion prob
lems, filling erosion scars, establishing vegetation, post-restora
tion site protection, and monitoring results. A basic problem-
solving format is included. 

INTRODUCTION 

The Sunrise Developed Area is located in the 
northeast corner of Mount Rainier National 
Park, Washington. The ranger station, visi
tor center, and day lodge are located at an 
elevation of 1,950 m (5400 ft.) in the middle 
of one of the larger subalpine meadows in the 
park. Trail systems radiate out from these 
facilities into the surrounding meadow areas. 
Sunrise receives 8,000 to 10,000 visitors on 
busy summer weekends. Past National Park 
Service development practices and visitor use 
patterns have created major visual scars and 
erosion problems in this scenic area. There 
has been an active program since 1970 
directed toward controlling new impact and 
removing the signs of past abuse. Work pro
jects have included the removal and revegeta-
tion of roads, trails, and old building sites 
in subalpine and alpine frontcountry and 
backcountry areas. Many work sites in the 
frontcountry are accessible by wide trails or 
old roads. This has facilitated the use of 
ground vehicles in restoration work. The 
available local water system and creeks have 
been used to irrigate many restoration sites. 

Festuca viridula, Lupinus latifolius, 
Anemone occidental is, Castilleja parviflora 
var. oreopola, Potentilla flabellifolia, 
Veronica cusiciki i, Polygonum newberryi i, 
Agoseris glauca var. dasycephala and Aster 
ledophyl'lous are common meadow plants. These 
plants tend to grow in clumps, often centered 
around the bunchgrass Festuca viridula. Lo
cated in the rain shadow of Mount Rainier, 
the Sunrise meadows show many similarities to 
areas east of the Cascade Mountains. 

The vast preponderance of moisture comes 
from winter snowfall. Clear, dry periods of 
two to three weeks are not unusual during the 
summer growing season. These dry periods are 
interspersed with summer rainstorms and 
occasional snow. The dryness, coupled with 
40 C soil surface temperatures and the porous 
pumice soil often places meadow plants under 
extreme moisture stress. Only deep rooted, 
well established individuals survive. Fall 
frost action is extreme. Needle ice forma
tions 3 cm in height are common. Summer 
drying, fall frost action, erosion, and 
trampling by visitors represent the major 
constraints to revegation work on disturbed 
sites at Sunrise. 

Virtually all the impact for which res
toration is scheduled can be attributed to 
past National Park Service development prac
tices. Current visitor-use impacts are neg
ligible in comparison to these past disturb
ances. Past concentrations of visitors in 
campgrounds and overnight cabins caused radi
ating mazes of informal trails. The cabins 
were removed in 1941 and the campgrounds 
closed in 1971, but scars remain from trails, 
roads, buildings, and water lines. 

PRINCIPLES AND TECHNIQUES 

The following format is the same used at 
Sunrise when analyzing and solving actual 
resource restoration problems. The project 
analysis consists of three steps. The first 
step is identifying the management objectives 
for the area, in order to establish the 
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purpose of the area and the levels of accept
able change. The second step is the identi
fication of resource problems, or situations 
in conflict with the management objectives. 
The third step is the selection of a solution 
to the problem, based on observation, commu
nication with persons who have dealt with 
similar problems, and a search of available 
literature. Once these steps are completed, 
restoration efforts can begin. 

Work Techniques 

Failure to apply work techniques in a 
logical order may result in repeated disturb
ance of areas that are beginning to regrow or 
in less-than-optimal restoration results. 
The following order has proved to be the most 
successful at Sunrise: 

WASHINGTON 

1. Major Erosion Control. 

We have found that correction of major 
erosion problems must be the initial step in 
any restoration scheme. There will be a 
continual loss of the soil resource, and 
vegetation establishment will be minimal in 
actively eroding areas. The majority of our 
erosion problems stem from spring--melt water 
channeling into old trails. Standard trail 
maintenance practices, such as water bars and 
silt bars, have proved to be the most effec
tive in these areas. Jute netting and other 
similar products are not successful in con
trolling this heavy flow of melt water. The 
velocity and volume of normal spring runoff 
is sufficient to erode the soil from under
neath netting materials, leaving them sus
pended in mid-air. Further action is taken 
only when major erosion is controlled. 

2. Fill Dirt Placement and Surface Modifica
tion. 

Physical modification, as well as re-
vegetation, is often necessary to restore an 
area to its level of functioning prior to 
disturbance. The filling of deeply eroded 
trails is the most expensive and time-consum
ing part of restoration work at Sunrise. 
Scars left unfilled attract visitor use after 
revegetation and remain as permanent erosion-
al problems that require maintenance. 
Hundreds of yards of fill have been placed by 
backpacking, wheelbarrows, motorized wheel
barrows, three-wheeled Cushman scooters, 
small "Bobcat" type loaders, dumptrucks, and 
he 1icopters. 

Ground vehicles have proved to be the 
most cost-effective equipment in low angle 
areas near roads or established trails. Many 
areas have been filled by moving equipment 
over meadows on runways of plywood or heavy 
cardboard. Damage is very light if this work 
is done in the late fall when the aerial 
portions of the plants are dead or dormant. 
Very few alternatives exist for placing fill 
in steep, remote sites. Backpacking has been 
used but is very slow and worker-associated 
impact is high. Helicopters can be used very 
effectively with special cargo nets and quick 
loading techniques. The average cost is 
$10.00 to $15.00 per yard of fill placed by 
helicopter on sites within the immediate 
Sunrise area. 

Road and trail scars have been effec
tively removed by replacing fill material 
originally excavated from the hillside and 
used to form the roadbed. This material, 
when placed in the cutbank, returns the slope 
to its natural grade. Plants on the bank 
areas are removed and transplanted back onto 
the new, graded slope. 

Contouring open areas and access points 
with dirt mounds has been effective in re
directing undesirable use patterns. Subtle 
changes have produced suprising results. 

3. Establishing Vegetation. 

Attempts at establishing vegetation are 
undertaken only after erosion is controlled 
and any necessary physical modifications are 
made. We have found it is better to wait a 
few years until trails can be filled, rather 
than hastily committing seed and transplants 
to areas that may remain as permanent prob
lems. 

Natural revegetation is very slow at 
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Sunrise, varying from 10 years on very moist 
sites to more than 50 on dry south slope 
sites. Areas that have an abundant seed 
source, are damp, and are receiving little 
present-day impact have been allowed to re-
vegetate naturally. Also, certain sites in 
all plant associations are being left as 
controls. These areas are providing in
teresting information on successional pat
terns and time requirements for revegetation. 

Transplanting. Transplanting has been 
extensively used since 1971. Plants were 
placed in wide, barren trails with the idea 
of stabilizing soil movement and providing 
additional seed sources. Also, the visual 
appearance of some plants in a trail seems to 
help discourage visitor use. While survival 
of the transplanted grass clumps and associ
ated forbs has been excellent, vegetative 
spread and seedling establishment has been 
slow. The mature clumps transplanted seem to 
have attained their size potential just as in 
the adjacent natural meadow. The current 
practice is to divide a large clump into 
several eight-to-ten centimeters divisions 
in the fall. The survival rate of even the 
unwatered divisions has been excellent. 
These divisions are expected eventually to 
expand into large, mature clumps. By using 
this technique, a greater area can be covered 
with fewer plants taken from the surrounding 
meadow. Pruning, rooting hormones, shading, 
and watering have all been tried while 
transplanting. The majority of the plant 
species show excellent survival if they are 
watered when first planted. Plants moved 
during dormant periods in the late fall need 
no watering. It is hoped that seedling sur
vival in the bare areas between transplants 
can be improved by mulch treatments. 

Shrub and tree transplants of less than 
one meter have shown good survival. Abies 
lasiocarpa and Sorbus sitchensis are the 
species used to date. They have been placed 
primarily at trailheads as barricades and in 
picnic and camping areas for screening. 
Studies with early-season root pruning and 
fall transplanting are being done to see if 
larger plants can be moved successfully. 
Experiments with stem and root cuttings are 
being conducted with Sorbus. The extremely 
poor seed germination has led to a search for 
other means of propagation. 

Native seeding. Native seed has been 
used in revegetation work at Sunrise since 
1970. Seedling survival was poor, but seeded 
areas show more revegetation than unseeded 
areas. Currently, emphasis is being placed 

on using seed from species that appear to 
invade disturbed sites naturally. Plants 
with large tap roots seem to be the best 
invaders. The native grass, Festuca 
viridula, seems to invade only the stable 
island created by the deep-rooted pioneers. 

Most seed used to date has been picked 
by hand. Thirty mandays were required to 
pick and plant seed for 2,500 square meters 
of trail. Vacuum cleaners have been success
fully used to pick seed of members of the 
Compositae. A lawn mower with exhaust bag 
will be tried next year. 

It is very important early in the season 
to identify high-concentration areas for each 
species to be picked. Also, flowering times 
within a species vary from area to area. A 
longer period of picking for particular 
species is possible with a knowledge of the 
patterns of this differential ripening. We 
have only picked seed that is dispersing 
naturally from the plants. Some test samples 
have been taken of immature seed, but viabil
ity information is not available yet. Most 
seed has been sown directly into the field 
areas in late fall. Some seed has been used 
in nursery beds and a greenhouse with the 
idea of transplanting two-year old plants 
into the field. Several native species have 
been successfuly grown from seed (Table 1). 

Small-scale experimentation has been 
done with Chewings Red Fescue (Festuca rubra 
var. commutata) as a cover crop to reduce 
erosion, soil temperatures, and frost action, 
and to increase the organic matter of 
disturbed areas. However, no invasion by 
native species has been observed in areas 
that were seeded as much as four years ago, 
while artificial mulches have yielded more 
favorable results. Many bare areas of simi
lar moisture levels show better revegetation 
by native species when Festuca is not plant
ed, and accordingly its use has been discon
tinued at Sunrise. 

Mulches. A variety of mulches and com
mon erosion-control products have been tried 
in an attempt to moderate the extreme dry
ness, frost action, and other environmental 
factors responsible for seedling mortality. 
Jute netting has been used for eight years. 
It does a fair job of controlling surface 
erosion, but it provides little as a mulch. 
The shifting of the coarse netting tends to 
uproot small seedlings. Hydromulch material 
has been applied in dry form. However, it 
mats and clumps to such a degree when applied 
in this form that only grasses are able to 
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push through it. Straw mulch shows excellent 
results, but finding a straw source free from 
exotic seed is a major problem. 

The best alternative tried to date is 
excelsior matting. Native seedling survival 
is high during periods of dryness and intense 
frost action. Some initial problem with wind 
disturbance was encountered, but more exten
sive staking seems to have solved this prob
lem. In 1978, 2,600 square meters of excel
sior was used to cover seeded areas on a 
variety of slopes and plant associations. 

Post-Restoration Site Protection 

Some form of protection is necessary for 
those areas that may receive use during the 
period of vegetation recovery. A great deal 
of new impact can be prevented by redirecting 
use. The most effective techniques for a 
particular situation can be discovered by 
repeated observation of visitor behavior and 
by asking questions. Areas can be blocked 
with logs, rocks, limbs, and dirt mounds, 
islands, or a few trees or shrubs can be 
transplanted to disguise a trailhead or view-

Table 1. Germination Success 

1. Agoseris glauca var. dasycephala 

2. Anemone occidenta l i s 

3. Antennaria lanata 

4. Arenar ia formosa 

5. Aster alpigenus 

6. Carex sp. 

7. Erigeron peregrinus 

8. Eriogonum p y r o l i f o l i u m 

9. Festuca v i r i d u l a 

10. Juncus drummondii 

11 . Ligust icum g r a y i i 

12. Lupinus l a t i f o l i u s 

13. Polygonum newberryi 

14. P o t e n t i l l a f l a b e l l i f o l i a 

15. S i tan ion h y s t r i x 

16. Sorbus scopul ina^ 

17. Veronica c u s i c k i i 

Greenhouse^ 

X 

X 

0 

0 

NT 

X 

NT 

X 

X 

X 

0 

X 

0 

X 

X 

0 

X 

F ie ld Seeding-^ 

X 

X 

0 

NT 

X 

NT 

X 

NT 

x 
NT 

NT 

X 

X 

NT 

X 

0 

NT 
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Key to success ratings: X = some germination, 0 = no germination, 
NT = not tried. - — - •- - -

Seed was chi l led for 60 days at -1 C (30°F) prior to planting. 
3 
Seed was planted d i rect ly in soi l at sunrise in the late f a l l . 

4_ 
Tests were done with non-frozen whole berr ies, whole berries frozen 
at -1°C (30°F) for 15 days, non-frozen excised seed, and excised seed 
frozen at -1°C (30°F) for 60 days. 
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point. Impact caused by visitors walking 
around snowbanks can be corrected by dusting 
a trail with dirt or even shoveling a small 
path through the snow. Simply correcting 
drainage problems will often return the use 
pattern from side trails back to the main
tained trail. 

Signs are used when these less obtrusive 
techniques fail. Often small signs are ade
quate. Directional signs may keep people 
from repeatedly leaving a trail for a view 
when maintained viewpoints are nearby. Signs 
first used to close trails stated only "trail 
closed", but better compliance was gained by 
briefly explaining why the trail was closed. 
When we realized many people didn't under
stand the word "restoration" this wording was 
changed to "recovery." It is important to 
provide visitors with alternatives. Signs at 
the head of major closed trails should give 
directions to the maintained trail system. 

Signs serve an interpretive function, 
but pamphlets, nature walks, and visitor-
center exhibits can convey more information, 
often before the visitor is confronted with a 
closure situation. We have found the vast 
majority of people are responsive to educa
tion. 

Monitoring 

Systematic records of techniques and 
dates have been kept so success can be moni
tored. We have used before-and-after photos, 
permanent photo plots, maps labeled with 
techniques used, and narrative reports by 
workers. This information has been helpful 
in estimating successes and failures of meth
ods over a period of years and pointing out 
research needs. 

SUMMARY 

The major successes of the resource res
toration program at Sunrise have been the 
correction of major erosion problems and the 
control of new impact. Successful methods 
for placing fill dirt have been developed. 
The main area of interest at the present time 
is in finding better techniques for estab
lishing vegetation. 
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DISCUSSION 

Comment: Several people seem interested in 
Luetkea pectinata. Why is it an especially 
interesting plant? 

Van Horn: The rhizomatous root system easily 
divides into small pieces for propagation 
purposes. This root system accounts for its 
ability to spread into barren areas from the 
margins. It grows on a variety of sites and 
is fairly resistant to trampling. 

Comment: Luetkea is one of our principal 
species. George Douglas, who has probably 
done more ecological work in the Cascades 
than anyone else, says Luetkea has wider 
ecological diversity than most plants found 
up there. It also pioneers on bare rawmark 
soils, and pioneer species are always good 
because they adapt readily to disturbed 
areas. Luetkea is very easy to propagate, 
and it spreads rapidly from planted clumps. 

Comment: Do Carex species you've worked with 
have rhizomatous root systems? 

Van Horn: Yes. 

Comment: How much success have you had 
transplanting Lupinus sp. and Polygonum new-
berryi which have large tap roots? 

Van Horn: Very good success when the trans
plants are heavily watered, pruned and treat
ed with hormones to reduce the shock of 
transplanting. I suspect there is a great 
deal of carbohydrate storage in the large 
roots. These plants will survive if given 
some care. Also, root pruning trees and 
shrubs three months prior to transplanting 
seems to ease the shock of transplanting. 

Comment: What are your thoughts on the po
tential of using shrubs in restoration work? 

Van Horn: I think shrubs are very important. 
They work well for blocking or disguising the 
start of social trails and are useful for 
screening purposes in picnic areas and camp
grounds. Mountain ash (Sorbus sp.) is parti
cularly good for this purpose. The plants 
must be fairly large to be effective. Mature 
plants can be transplanted but prior root 
pruning is essential. Propagation from seed 
and cuttings is an alternative, but would be 
expensive for large projects. The SEAM pro
gram of the Forest Service Intermountain Re
gion, dealing with mining rehabilitation, has 
been sucessfully propagating many shrub 
species. 

Wind-sheared alpine scrub 
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PREDICTING HUMAN IMPACT ON HIGH ELEVATION ECOSYSTEMS 

Roger del Moral 
Associate Professor Department of Botany 

University of Washington 
Seattle, Washington 

ABSTRACT—A method to predict the resistance of vegetation to 
trampling is presented. The procedure is summarized as follows: 

1. Classify the vegetation and assess the abundance of at least 
the common species. 

2. Determine the resistance characteristics of each species 
based on selected morphological and ecological properties. 
In this study, I used moisture preferences, leaf-form, per-
ennation, season of activity, and growth form. 

3. Calculate the species resistance index (S r), which is the 
mean of the resistance characteristics (expressed on a nu
merical scale) determined in Step 2. 

4. Calculate the plot resistance index (P r), which is the 
product of each species' cover and its resistance index, 
divided by the total cover. Pr thus ranges over the same 
numerical range as the species resistance index. 

5. The community resistance index (Cr) is the mean plot resist
ance index of samples assigned to that community. The rank 
order of C r values in an area is an estimate of community 
resistance to trampling. 

The community resistance index was compared to estimates of resist
ance based on transects across trails and proved to provide reliable 
estimates of trampling resistance. A similar index, based on 
habitat characteristics, was less successful in predicting resist
ance. This method produces both species-specific and vegetation-
specific predictions that require no destructive sampling and which 
can be accomplished with relatively little field effort. I conclude 
that the method offers an economical way to predict the impact of 
human treading on vegetation. 

INTRODUCTION 

A major realm of ecology deals with 
predicting the consequences of alternative 
perturbations or management schemes tor eco
systems. The ability to predict consequences 
is of vital importance both to those con
cerned with minimizing environmental impact 
and to those who wish to minimize management 
costs. This paper deals with a method of 
predicting habitat resistance to stress; this 
method offers several advantages to land man
agers without sacrificing much accuracy. 

There are several methods of assessing 
how well a community can resist impact with
out substantial degradation. Briefly, these 
methods include the analysis of soil proper
ties (Chappel et al. 1971, Oliver et al. 
1978), other aspects of the habitat (Wi1 lard 
and Marr 1970; Cielinski and Wagar 1970, 
Liddle 1975), direct experimentation 
(Schreiner 1975) and trail survey methods 
(Dale and Weaver 1974). Each of these meth
ods has advantages and disadvantages. Analy
sis of soil takes much time but can give 
excellent results where soil characteristics 
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determine habitat resistance. The use of 
combinations of soil and other habitat prop
erties may suffer from several drawbacks as 
predictor variables. Data acquisition is 
time-consuming and expensive. The various 
parameters relate to each other in complex, 
nonlinear ways that are not easily integrated 
into a single predictive model. Once a model 
is constructed and validated for one ecosys
tem, there is little to guarantee that it 
will be applicable in another. Direct exper
imentation is both costly and time-consuming. 
Further, even the best-controlled experi
ments do not accurately mimic natural use 
(Schreiner 1975). Trail survey methods are 
reliable, but must be related to the vegeta
tion. In the absence of trails, this method 
is obviously of no use. 

The method to be discussed was developed 
to satisfy the need for a generally appli
cable method that is easily applied, rapid 
and inexpensive, and has high predictive 
value. As applied here, the method concerns 
the prediction of resistance, which is the 
ability of vegetation to remain unchanged 
under a given stress or disturbance. Resili-
ance, the ability of vegetation to recover 
from disturbance, is not my concern here. 
Vegetation may have very different resistance 
and resilience features. Those pursuing re
clamation studies may also benefit from a 
consideration of this approach, if not from 
the details. 

THE STUDY AREA 

The study area is a small cirque (7.5 
kmr) located near Mt. Stuart in the Wenatchee 
Mountains, a spur of the Washington Cascades. 
The terrain is varied in slope, aspect, and 
degree of natural disturbance from rock fall 
and avalanche, and contains many small lakes 
and ponds. Elevations range between 2060 m 
and 2600 m. 

The climate is modified maritime, but 
accurate records are meager. Most precipita
tion falls as snow between October and June. 
Summer rains are unpredictable but usually 
account for less than 10% of the annual pre
cipitation. In years of heavy snow pack, as 
between 1972 and 1976, several higher eleva
tion, north-facing ice fields remained 
throughout the summer. 

All substrates are derived from the Mt. 
Stuart granodiorite, a massive igneous batho-
lith dating from the early Tertiary period 
(Pratt 1958). Soils are usually coarse, 
porous, and not readily compacted, except in 

alluvial or boggy situations. Clay fractions 
are under 10%. Where wind erosion occurs, 
the surface is of coarse sand or gravel, with 
finer sands below the surface. Little soil 
is to be found on the steeper slopes. Alpine 
soils are primarily entisols, lacking true 
profiles, while forested soils are primarily 
cryokthols (podsols). 

METHODS 

The Resistance Index 

The development of a resistance index 
based on species composition is most appli
cable to areas that have been disturbed in
frequently or in which further development is 
contemplated. To the extent that trails or 
other human disturbances exist, validation 
studies under local conditions can be em
ployed. However, it is the basic assumption 
of this method that the species themselves 
contain information sufficient to judge the 
resistance of any given plant community. 

Step 1. The vegetation under study is 
first clustered. The details of this step 
depend upon the type of vegetation, its com
plexity, and the time and manpower available. 
In my study, several other objectives were to 
be realized, so a detailed analysis was 
undertaken. In subalpine vegetation, 10 m by 
20 m quadrats were arrayed over the available 
landscape to fully encompass the subjectively 
determined range of vegetation variation. 
Each tree was counted and its diameter at 
breast height determined. Total plot canopy 
cover was determined by vertical projection. 
The understory of each plot was subsampled 
with 10 1 m 2 quadrats. In this study, rela
tive cover of herbs and relative canopy cover 
of trees were used. Alpine plots, which 
lacked trees, were 10 by 10 m in size. Other
wise, the vegetation was treated as in sub
alpine plots. The vegetation was analyzed by 
a numerical clustering procedure called MINF0 
(Goldstein and Grigal 1972) that produced 11 
subalpine vegetation types and 10 alpine 
vegetation types (del Moral 1979). 

Field workers could modify Step 1 in 
several ways. Rare species little affect the 
results. These species may be ignored, 
unless it is known that particular species 
have high indicator value or are among the 
officially recognized rare, endangered, or 
threatened species. Precise estimates of 
cover or abundance are not essential. Any 
standard dominance scale can be employed 
(Mueller-Dombois and Ellenberg 1975), though 
care should, be exercised in using such data 
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in numerical methods. If the vegetation of 
the area is reasonably well-known, then 
rather than sampling vegetation, plots may be 
"keyed out" to the appropriate, previously 
determined vegetation type, in a manner 
analogous to that used in plant identifica
tion (see del Moral and Deardorff 1976). The 
time and effort for Step 1, which is the most 
time-consuming step, are reduced dramatical
ly when a diagnostic vegetation key is avail
able. 

Step 2. The goal of this step is to 
assess the degree of resistance to trampling 
inherent in each species. I employ a five-
point scale for each parameter. This proce
dure is adopted because 1) it is not realis
tic to make fine discriminations between 
species whose characteristics may be poorly 
known; 2) subsequent use of approximate cover 
values renders precision at this stage 
counter-productive; and 3) precision is not 
required because ultimate comparisions are 
relative, not absolute, and based on compara
tive ranks, not any absolute numerical value. 
The characteristics employed may be varied by 
the investigator, depending upon his experi
ence, other external information, and the 
types of plant community characteristics for 
which predictions are desired. In this 
study, I employed the characteristics listed 

in Table 1. These characteristics were 
selected after consulting the literature 
(Bates 1935, Markle 1963, Wager 1964, LaPage 
1967, Thornburgh 1970, Bell and Bliss 1973, 
Schreiner 1975, Grime 1977, Cole 1978) and 
reflect my personal judgment and field expe
rience. The stem characteristics affect the 
entire plant's ability to resist physical 
abrasion. Woody plants are believed more 
resistant, though less resilient, than herba
ceous plants. However, woody plants that 
break easily are less resistant than flexi
ble, usually evergreen plants. 

The moisture requirement of a plant pro
vides an indication of habitat sensitivity 
and is therefore given double weight. In 
this study, moisture scores were assigned 
after a detailed species ordination study 
(del Moral 1979). In other cases, the habi
tat characterizations in Table 1 can serve as 
examples. Note that this scale would be 
quite different if habitat resilience were of 
direct concern. The score assigned a species 
may vary somewhat depending on region. 

Perennation describes the location of 
the growing tip. The more exposed to tram
pling is the meristem, the less the expected 
resistance. This category reflects the 
resilience of different growth forms. 

Table 1. Plant characteristics used to construct the species resistance index (S ) 
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Index 
Value 

1 

2 

3 

4 

5 

Moisture 
C?xX\l 

Wet meadow 

Moist meadow 

Moist forest, 
dry meadow 

Dry forest, 
xeric meadow 

Rock sites 

Leaf-Form 
(2X) 

Ephemeral, 
delicate 

Perennial 
mesophyll 

Deciduous 
mesophyll 

Silicaceous, 
perennial 

Sclerophyllous 

Perennation 

Exposed meristem 

Tips elevated 

Basal meristem 

Buried 

Above 2 m 

Activity 

i All year 

Flowers 
late 

Flowers 
early, 
persistant 

Late 
developing 

Spring 
ephermeral 

Growth-Form 

Herbaceous, 
delicate 

Herbaceous, 
sclerophyllous 

Base woody, stem 
herbaceous, brittle 

Stem woody, flexible, 
leaves deciduous 

Stem woody, flexible, 
leaves evergreen 

P L A N T C H A R A C T E R I S T I C S 



The season of main activity was used 
though it is probably the least-valuable 
parameter employed. T. Weaver (personal com
munication) and others concur that plants 
active all year run larger risks from tram
pling than do spring ephemerals which avoid 
the trampling season. 

Physical resistance of leaves to abra
sion and breakage is given a double weight 
since it appears to be the single most 
important morphological property. Only 
photosynthetic tissue was considered because 
other aspects of life form are included under 
perennation and herbaceousness. 

Step 3. The scores for each parameter 
are combined for each species by the follow
ing formula to produce the species resistance 
index: 

n 
S = I r.w./7 
r i i 

i=l 

where Sr is the species resistance index, r̂  
is the index value for the i t h parameter, Wj; 
is the weight of the ith parameter, if any, 
and 7 is the constant appropriate to this 
case that constrains the index between 1 and 
5. This index should be valid for a species 
within a region. However, caution should be 
exercised with the use of the moisture index 
since it is susceptible to change over geo
graphic location. The morphological para
meters should not change through the range of 
the species. 

Step 4. The resistance indices of each 
species are combined with a measure of their 
abundance in a plot to create the plot re
sistance index: 

s s 
P I S .D./ I D. 
r . , ri i . , I 

i=l i=l 

where Pr is the plot resistance index, D- is 
the dominance of the i t h species, S r i is the 
resistance of the ith species and s is the 
number of species. The index is bound be
tween 1 and 5. The mean Pr of plots in a 
community is determined to form Cr, the com
munity resistance index. Because nonparamet-
ric statistics are applied, it is sufficient 
that this step results only in a rank order 
of communities. Small numeric differences 
are not meaningful. It is this ranking 
feature of the method that produces its 
robust behaviour with respect to the exclu
sion of rare species and with respect to the 
precision of dominance estimates. If vegeta
tion samples have been keyed out, rather than 

described, the relative dominance or domi
nance index of those species comprising 90 to 
95% of the dominance should be recorded. 

Validation 

As a check on the resistance index, 
community resistance was determined directly 
by a detailed examination of the effects of 
trails on vegetation. In addition, a second 
resistance index, using habitat data, was 
constructed. The two resistance indices were 
compared to each other and to the results of 
trail transects. 

The parameters used in constructing the 
habitat resistance index are shown in Table 
2. The stand resistance index is calculated 
as follows: 

m 
E = 1 W.H./I2 

1=1 x 1 

where Er is the resistance of a sample based 
on m environmental properties, H± is the 
index value assigned to the ith parameter, 
and wx is the weight. The constant, 12, 
constrains the index between 1 and 5. Once 
Er is calculated for each stand, the mean Er 

is calculated for each community to yield Hr, 
the resistance index based on habitat proper
ties. 

Moisture is weighted threefold because 
it appears to be the single most important 
environmental variable relating resistance 
to trampling. 

Loss on ignition (L.O.I.) affects com
pressibility and is correlated with moisture. 
Sites with high L.O.I, have soils easily 
compressed, thus reducing aeration and lead
ing to necrosis and species compositional 
changes. 

Elevation is a crude index of the length 
of the growing season, in this instance an 
index of the period "at risk". A short 
growing season may enhance resistance but 
resilience will be curtailed. 

Aspect affects both moisture and growing 
season. Very long protected sites are quite 
wet, but very dry sites will be at risk for 
long periods. Intermediate sites should pro
vide a combination of sufficient moisture and 
relatively short growing season to maximize 
species resistance. 

Slope is a measure of the erodability of 
a site. A gently sloping resistant habitat 
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Table 2. Characteristics used to construct the habitat resistance index (E ) 

H A B I T A T C H A R A C T E R I S T I C S 
Index 
Value 

1 

2 

3 

4 

5 

Moisture 
(3X) 

Marsh 

Wet meadow 

Dry Meadow 

Dense forest, 
fell field 

Krummholz 

Loss on 
Ignition 
(%) 

>21 

10.1-20 

5.1-10. 

1.5-5.0 

<1.5 

Elevation 
(m) 

<2155 

2165-2254 

2255-2349 

2350-2439 

>2440 

Aspect 

NE, SW 

NNE, ENE 
SSW, WSW 

N, E 
SSE, W 

SE, WNW 
NNW 

ESE, NW 

Slope 
(", 2X) 

>25 

21-25 

16-20 

11-15 

<10 

Texture 
(% Clay) 

>20 

13.5-20 

10.8-13.4 

7.8-10.7 

<7.8 

Cov 
(groun 

Subalpin 

>50 

30-50 

20-30 

10-20 

<10 

er 
d 1ayer) 
e Alpine 

>50 

30-50 

15-30 

10-15 

<10 

will not erode upon disruption of soil or 
plant cover. Weaver (1979) experimentally 
demonstrated that steeper slopes are less 
resistant than gentle slopes. 

Texture, like organic matter, is corre
lated with the compactabi1ity of soil. Soils 
with high clay fractions are more compactable 
and thus more susceptible to poor aeration or 
water logging. 

Percent ground layer cover, a structural 
measure, was used in this study, though its 
inclusion only slightly affects community 
rank orders. Communities with high cover 
present a greater surface area for damage, 
while communities with low cover afford 
greater opportunity for the avoidance of 
vegetation. 

Trail parameters used are listed in 
Table 3. The depth and width of a trail, 
given even use, reflect the amount of soil 
compression and soil erosion. Resistant 
vegetation will offer a greater protection to 
the soil, so these parameters relate directly 
to the vegetation. The rate at which cover 
and species richness return to normal as a 
transect moves away from the trail measures 
the level of impact upon vegetation that is 
not on the immediate footpath. Cole (1978) 
compared the proportions of cover reduction 
and of different species present from trail 
edge to a site 10 m distant, parameters 

comparable to mine. Plant height comparisons 
could also be employed if care were taken to 
compare individuals of the same species in 
comparable conditions and to estimate varia
bility. Trail assessments were made on from 
three to five transects in each community 
type. 

The rank order of communities produced 
by each method were compared using Spearman's 
rank correlation tests (Nie et al. 1975). 

RESULTS AND DISCUSSION 

Community Resistance 

Details of community composition will be 
described elsewhere. Community dominants and 
a number of resistance indices are shown in 
Table 4. The Spearman rank correlation of 
habitat scores (Hr) of subalpine communities 
to ranks produced from trail transects is 
significant (r = 0.67, P < .024). The ranking 
based on species composition (Cr) is highly 
significant (r = 0.61, P < .043). Thus, in 
the forest vegetation, species-resistance 
scores provide excellent predictions of com
munity resistance to treading. Rankings 
based on environmental parameters are fair, 
but better habitat data could improve the 
predictive value of this type of data. 

In the alpine region, there is little 
correlation between H r and C r and the H 
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Table 3. Parameters used to construct the ranks based on trail transect data 

Index 
Value 

1 

2 

3 

4 

5 

Depth 
(cm) 

>8 

6-8 

4-6 

2-4 

0-2 

PA] 

Width 
(cm) 

>100 

80-100 

6 0 - 8 0 

4 0 - 60 

0 - 4 0 

IAMETERS 

1/ 
Cover increase 

(% gain) 

79-90 

61-75 

46-60 

31-45 

< 30 

1/ 
Species Increase 
(% richness gain) 

>90 

70-90 

50-70 

30-50 

<30 

ranking is not correlated to the trail 
transect ranking. In contrast, Cr is highly 
correlated with the trail transect ranks (r = 
0.92, P < .001). 

Analysis of a few specific communities 
will provide some insight into general prop
erties that render communities more or less 
resistant to trampling. The most sensitive 
forest community is the Larix lyallii/Phyllo-
doce glanduliflora community type. This 
community occurs on steep north-facing rocky 
slopes. Wet soils, steep slopes, and limited 
vegetation cover result in a site sensitive 
to erosion effects. Phyllodoce glanduliflora 
is relatively sensitive due to the brittle 
stems and inability rapidly to replace 
injured tissue. The I. lyal1ii/Cassiope 
mertensiana-Phyllodoce empetriformis com
munity type is quite sensitive and also 
occurs on north-facing slopes with many small 
streams and snow melt channels. Thus, char
acteristics of sites vulnerable to trampling 
include: high ground cover and wet soils 
combined with frequently steep slopes; under-
story dominated by woody species with brittle 
stems and lush forbs; and scarcity of herbs 
capable of soil stabilization. 

The most resistant forest community type 
is dominated by Pinus albicaulis and Juni-
perus communis. This type dominates dry, 

exposed ridges with little vegetation. Soils 
are gravels or sands with little organic 
matter or clay. Much of the substrate is 
bare rock and there is little ground cover. 
These conditions combine to produce a habitat 
quite resistant to trampling. The dominant 
understory species are sclerophyllous and 
resistant to damage. 

The most sensitive of the herb communi
ties are those dominated by Carex nigricans 
and Lupinus polyphyllus and by Cassiope 
mertensiana and Phyllodoce glanduliflora. 

The former contains many forbs not resistant 
to trampling, such as Kalmia microphylla, 
Pedicularis ornithorhyncha and Potenti1 la 
flabel!ifolia. The latter is dominated by 
low, brittle shurbs and lush forbs. These 
habitats are often quite wet and have high 
vegetation cover. Due to the greater protec
tion afforded the perennating organs, the 
sedge community probably is able to recover 
from damage more quickly than the heather 
community. 

The least sensitive communities are 
dominated by Carex spectabilis and Luzula 
hitchcockii and by Phlox pulvinata and 
Arenaria obtusiloba. The former is dominated 
by graminoid species with high resistance 
indices and occurs in open, late-snow-melt 
sites. The latter occurs in dry sites where 
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Table 4. Ranks of communities scored by habitat resistance, species resistance, and 

trail transect scores. 
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1/ 
PARAMETERS-

i Subalpine Vegetation Hr Cr A B B' C : 
i 1 

A I Larix lyallii/Cassiope mertensio.no. 3.45 3.89 4.35 3.30 6 3 j 

B | 73. lyallii/C. mertensiana-Phyllodoce enrpetriforrnis 2.78 3.69 4.32 2.97 2 2 j 

C j 73. lyallii/Phyllodoce glanduliflora 2.91 3.62 4.32 2.70 1 1 

D ! 73. lyallii/P. empetriformis/Luzula hitchooakii 3.39 3.75 4.73 3.23 5 5 j 

E j Abies lasiooavpa/Vaociniwn myrtillus 3.19 3.7 2 4.34 3.10 3 4 

F | A. lasiocarpa-L. lyallii/V. myrtillus 3.52 3.74 4.37 3.12 4 6 

G | 73. lyallii-Pinus albicaulis/Penstemon davidsonii 3.93 3.88 4.43 3.36 8 7 

H j P. albiaaulis/Phlox diffusa 2.92 4.02 4.61 3.42 9 9 | 
i • 

i | P. albiaaulis/Juniperus communis 4.16 4.22 4.56 3.88 11 11 

J I P. albiaaulis/Lewisia Columbiana 4.12 3.98 4.50 3.47 10 10 j 

K P. albiaaulis-A. lasioaarpa/Vaaainium myrtillus 3.28 3.91 4.51 3.31 7 8 

MEAN 3.51 3.85 4.41 3.26 

S.D. 0.64 .19 .12 .29 
t i 

Alpine Vegetation 

1 Phlox pulvinata-Arenaria obtusiloba 3.56 3.24 8 9 

2 Lupinus lepidus-Penstemon davidsonii 3.44 2.95 4 5 

3 Phlox diffusa-Eriogonum pyrolifolium 2.80 3.28 9 8 i 

4 Carex speotabilis-Lupinus led.ipus 3.02 3.22 7 7 

5 C. speetabilis-Erigeron aureus 2.60 3.20 6 6 

6 Salix aascadensis-L. lepidus 3.05 2.75 3 h \ 

7 Cassiope mertensiana-Phyllodoce glariduliflora 3.30 2.70 2 2 j 

8 C. speatabilis-Luzula hitchcockii 3.79 3.45 10 10 i 

9 P. empetriformis-Junaus parryi 2.78 3.02 5 3 j 

19 Carex -nigricans-Lupinus polyphyllus 2.89 2.65 1 1 
i 1 

MEAN 3.12 3.04 j 

S.D. .50 .24 

1/ 
~H - habitat resistance index 
Cr = species resistance index 
A = Cr based on trees 

B = Cr based only on herbs 
B' = rank of Cr for herb layer 
C = rank determined from trail transect 

http://mertensio.no


most species show drought adaptations that 
result in resistant morphological features. 

A comparison of the species resistance 
indices (Cr) suggests that the subalpine 
vegetation is more resistant to trampling 
than the alpine. The mean subalpine stand 
has Cr = 3.85 ±0.19, compared to the mean 
for alpine stands of 3.04 ± 0.24 (P <.001). 
However, subalpine stands are strongly 
weighted upwards by tree species, which are 
generally not subject to any trampling. The 
understory of subalpine stands has a mean Cr 

= 3.25 ± 0.29. This difference is statisti
cally significant but not biologically signi
ficant, in view of the broad overlap of 
values. 

Cole (1978) suggested that meadow com
munities were more resistant than some forest 
communities and Schreiner (personal communi
cation) reported that Abies amabi1is forests 
are the least resistant of any community he 
has studied in the Olympic Mountains. Weaver 
(1979) reports that meadow communities are 
highly resilient in comparison to the forest 
understory. These observations suggest that 
(a) one should carefully distinguish between 
resilience and resistance and (b) no broad 
generalization can be made. 

The communities in Table 4 may be 
grouped into classes of postulated approxi
mately equal resistance. Communities B, C, 
E, F, 7 and 10 are the least resistant. All 
but 10 are dominated by Vaccinium and heather 
species that are brittle and which also 
regenerate slowly. The latter is a wet 
sedge-lush forb type in a fragile habitat 
type. 

The most resistant subalpine communi
ties are dominated by Pinus albicaulis and 
xerophytic herbs (H, I, JTj\~ The understories 
of the subalpine are structurally similar to 
some of the most resistant alpine communi
ties, such as Phlox pulvinata-Arenaria 
obtusiloba (1) and Phlox diffusa-Eriogonum 
pyrolifo1ium (3). The remaining alpine com
munities probably fall between Larix --
heather dominated communities and Pinus 
dominated communities. 

Species Resistance 

A brief discussion of species typical of 
different resistances to trampling is appro
priate to illustrate the types of species 
characteristic of different resistance 
levels. A more complete list, arranged in 
order of increasing resistance, is shown in 

Table 5. 

Species such as Dodecatheon jeffreyi, 
Anemone drummondi i, Pedicularis groenlandi-
ca, and Lloydia serotina are highly sensitive 
plants. Dodecatheon, for example, is com
pletely herbaceous, is found in the wettest 
habitats, has exposed perennation, is active 
for much of the year, and is only slightly 
resistant to breakage. Slightly less sensi
tive species include Caltha biflora, Aquile-
gia formosa, Epilobium latifolium, and 
Lupinus polyphyllus. Lupinus has intermedi
ate and wide moisture tolerances, but is 
herbaceous, has exposed perennation, is 
active most of the season, and has leaves 
with little resistance to abrasion. At the 
opposite extreme are species such as Arenaria 
capillaris, Geum rossi i, Lewi si a columbiana, 
Penstemon davidsoni i, Juniperus communis, 
and the conifers. Arenaria has a woody base, 
is found in dry habitats and displays 
drought-resistant traits that enhance re
sistance, has multiple, moderately protected 
perennating organs, and has quite resistant 
leaves. Lewisia is succulent, with a peren
nating tuber below ground, is found in dry 
sites and usually grows out of protected 
cracks, is active fairly early in the season, 
and is quite resistant to abrasion. A highly 
resistant species would appear to combine 
traits such as these: woody, prostrate with 
both an underground perennating organ and the 
ability to regenerate by layering, sclero-
phyllous leaves, and the ability to grow in 
stressful environments where ground cover and 
competition is reduced. A highly sensitive 
species appears to combine these traits: 
Delicate leaves, a single, exposed perenna
ting organ, active throughout the season, and 
adapted to wet-to-moist habitats, where soils 
are easily compacted and competition from 
other species is severe. 

CONCLUSIONS 

Effective wilderness management re
quires site-specific data about the sensitiv
ity of communities of various types of dis
turbance (Cole 1978). The method I have 
outlined suggests that studies of individual 
species characteristics with respect to 
particular forms of disturbance can lead to 
accurate predictions of potential effects. 
Balanced against the reduced precision of 
this approach is its ease of application, 
simplicity, and cost-effectiveness. 

Other approaches cannot be discounted or 
discontinued, but each has drawbacks. 
Experimental trampling experiments are not 
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Table 5. A spectrum of resistance indices (S ) for species of the Enchantment Lakes. 

Alpine Lakes Wilderness, listed from least to most resistant 

SPECIES 

Dodecatheon feffreyi 

Saxifrage ferruginea 

Lloydia serotina 

Pedioula.ris ornithorhyncka 

Valeriana, sitckensis 

Anemone drumrnondii 

Oxyria digyna 

Pedicularis groenland.iea 

Aster alpigenus 

Caltha hi flora 

Epilobiwn latifolium 

Lupinus polypkyllus 

Polemonium elegans 

Saxifraga tolmiei 

Spraguea nmbellata 

Aau.ilegia formosa 

i Artemisia trifuroa.ta 
i 

i Carex nigricans 
Campanula scabrella 

Ledum groendlandicum 

Vaccinium deliciosvm 

Sibbaldia procumbens 

Carex spectabilis 

Kalmia microphylla 

Veronica cusickii 

Dryas octopetala 

Lupinus lepidus 

Sedum divergens 

Smelowskia calycina. 

Erigeron aureus 

Salix cascadensis 

j Vaccinium myrtillus 

INDEX 

1.42 

1.56 

1.71 

1.71 

1.71 

1.85 

1.85 

1.85 

2.14 | 

2.14 j 

2.i4 : 

2.14 

2.28 

2.28 

2.28 

2.42 

2.42 

2.42 

2.42 

2.42 

2.42 

2.57 

2.57 

2.71 

2.71 

2.85 

2.85 

2.85 

2.85 

3.00 

3.00 

3.00 

SPECIES 

Spiraea densiflora 

Phyllodoce empetriformis 

Polysticvm lonckitis 

Carex breweri 

Carex nojrd.ino. 

Deschampsia caespitosa 

Luzula hitchcockii 

Juncus parryi 

Luetkea pectinata. 

Antennaria alpina 

Arenaria obtusiloba 

Cassiope mertensiana 

Draba paysonii 

Phlox diffusa 

Phyllodoce glarnduliflora 

Poa alpina 

Potentilla fruticosa 

Saxifraga caespitosa 

Arabis lyallii 

Carex proposita 

Penstemon procerus 

Poa cusickii 

Trisetvm spicatvm 

Antennaria dimorpha 

Eriogonum pyrolifolium 

Senecio pauperculus 

Arenaria capillaris 

Gevm rossii 

Lewisia colvmbiana 

Juniperus communis 

Penstemon davidsonii 

Abies lasiocarpa 

Larix lyallii 

Pinus albicaulis 

INDEX 

3.14 

3.14 

3.14 

3.28 

3.28 

3.28 

3.28 

3.28 

3.28 

3.28 

3.42 

3.42 

3.42 

3.42 

3.42 

3.42 

3.42 

3.42 

3.56 

3.56 

3.56 

3.56 

3.56 

3.71 

3.71 

3.71 

4.00 

4.00 

4.00 

4.00 

4.14 

4.33 

4.33 

4.66 
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comparable to normal trampling. Such exper
iments often fail to take into account the 
effects of moderate, chronic disturbances. 
Correlations to habitat factors are fraught 
with ecological and statistical difficulties 
(Edmond 1962, Schreiner 1975). Habitat vari
ables may affect resistance directly or in
directly through their effects on species 
composition and competition. The relation
ships may be nonlinear and interactive. 
Factors may operate differently in different 
localities. 

The approach outlined here is not immune 
from error. Liddle (1975) has demonstrated 
that the ability of vegetation to recover 
from damage is a function of community pro
ductivity, but in this study it has been 
shown that less productive communities are 
more resistant. The paradox is resolved when 
it is realized that many morphological fea
tures that permit resistance (thick leaves, 
sclerophylly) generally reduce the maximum 
growth rate (Grime 1977). This serves to 
underscore the necessity of keep resistance 
and resilience separate in our thinking and 
planning. 

None of the methods I used to assess 
potential trampling effects is unbiased. The 
analysis of trail transects assumes that the 
intensity of trail use is similar for each 
segment. Sufficient observations were made 
over three seasons, on about 40 days, to 
confirm that the assumption is not grossly 
violated. 

Weights assigned to habitat scores are 
based on a combination of intuition and the 
frequency with which the various characteris
tics were cited in the literature. Several 
combinations of reasonable weights were em
ployed and the results are those providing 
the highest correlations to transect ranks. 
A major constraint on the use of habitat 
variables was that moisture and compaction 
could not be accurately measured in situ. 

Weights assigned to species character
istics were based upon intuited importance of 
each characteristic as a factor affecting 
species resistance. The weights are partial
ly confirmed in the literature. Except for a 
few species, seasonality is a weak parameter. 
The moisture index for each species is the 
most difficult determination. Future workers 
might rely on regional studies (e.g., Douglas 
and Bliss 1977). Alternatively, the tech
niques of gradient analysis (Whittaker 1978) 
might be applied. However the appropriate 
use of gradient analysis requires substantial 

experience, considerable field sampling, and 
access to a large computer. This may be a 
major limitation to that approach. 

A major use of the method is as follows. 
Given that a primary survey of the vegetation 
in a region to be developed has been accom
plished (e.g., as part of an environmental 
impact study), the resultant vegetation map 
can be converted into a site-resistant map by 
use of abundance values and the species-
resistance indices. This map may then form a 
basis for decisions about trail siting, camp 
locations and so forth. 

The method described may be modified to 
meet specific management needs. Rather than 
undertake a complete primary survey, only 
those areas identified as potentially im
pacted are sampled. If necessary, rare 
species can be eliminated from consideration 
since they do not materially influence the 
plot indices. Species resistance scores 
should be used to produce a weighted plot 
resistance index which should then be com
pared directly to each other. 

An alternative approach that I have not 
explored, but which seems worth mentioning, 
is to substitute aerial or satellite resource 
photography for the primary survey. Rapid 
advances, in this field may make it possible 
to map vegetation on a sufficiently detailed 
scale to optimize field sampling. I estimate 
that such an approach would reduce field time 
to no more than 20 percent of that required 
for a full primary survey. 

Where trails exist, the method may be 
reversed, to estimate differences in trail 
use. For example, if a trail through a 
sensitive community displays fewer impact 
symptoms than one through a more resistant 
community, a safe inference is that the 
former trail suffers less use. 

Species-based resistance determinations 
appear to provide evidence about community 
resistance to trampling that is at least as 
good as data acquired in more expensive or 
time-consuming methods. Where an experimen
tal data base exists, the method may be 
refined further. 
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DISCUSSION 

Comment: Can you incorporate the effects of 
differential survival at different densities 
into your scheme? 

del Moral: No. Such information is likely 
to be extremely site-specific and cannot be 
determined by the survey method employed. 

Comment: Does the time of the impact seem to 
be an important consideration? 

del Moral: Yes. It was used in the habitat 
index, in a crude way, using elevation. The 
higher the elevation, the shorter the growing 
season, and the more resistant the site. It 
is also incorporated into the floristic 
index, using what we know of species pheno
logy. The longer the species is exposed to 
trampling, the less resistant it is consid
ered to be. 

Comment: Might not another characteristic 
of resistance be the tendency to refuge in 
cracks? 

del Moral: That is incorporated by using the 
absolute cover index in the habitat resist
ance index. With the species index, it is 
not directly used, but such a tendency is 
correlated with xerophytic morphologies. It 
is accounted for, indirectly, in at least two 
of the parameters used in the floristic re
sistance index. 

Comment: Rather than the summation of char
acteristics, might a plant succumb to its 
weakest link? 

del Moral: Yes, that is possible and might 
explain a few anomalies. However, this index 
appears to work for most species and in the 
aggregate. The advantage of a "critical 
factor" method is more precision. The main 
disadvantage is that for most species the 
critical factor is not known. And I expect 
that the critical factor might vary from 
place to place for the same species. 

Comment: To what extent do you think that 
phenotypic or site-specific characteristics 
that are bound to characterize the whole 
foundation of your research can limit the 
applicability of results to other places? 

del Moral: The data used, except for the 
moisture index, are general to the species 
and are not likely to change significantly 
over the range of the species. Therefore, 
within a region, a species' resistance index 
should remain fairly constant. 

Comment: Would it be possible to test each 
parameter for significance by experimental 
means and incorporate only the significant 
ones into a summation index? 

del Moral: Yes. In this study there was no 
opportunity to do so, but that's the obvious 
next step. 

Comment: Given practical considerations, do 
you feel that this method can be used in the 
field as part of the regular work schedule of 
an area ranger? 

del Moral: Yes, the method is robust. One 
approach is to prepare keys to vegetation 
types with different sensitivities or resist
ance. The ranger need only know the more 
common species to typify any particular site. 

Comment: If a single species has different 
sensitivities in different areas, do you 
think that it would show up in the species 
resistance index? 

del Moral: Probably not, since the pheno
typic charcteristics are based on the region
al flora. That is a weakness of the method. 
It might show up if its relative moisture 
relations differed. Also, local information 
should be used if it differs from the general 
information. Two points need to be empha
sized. First, the method as described refers 
to the prediction of resistance to trampling, 
not to the rate of recovery, or resilience. 
The method could easily be modified for use 
as a resilience index. Second, as a practi
cal tool, the method offers two main advan
tages. It is sufficiently general that many 
experimental programs involving trampling 
can be scaled down. Based on information 
gathered by this approach, simple field keys 
to resistance types can be constructed to 
make the job of field personnel simpler. 
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PROPAGATION OF PLANT MATERIAL FOR SUBALPINE REVEGETATION 

Joseph W. Miller and Margaret M. Miller 
Volunteer Research Biologists 
North Cascades National Park 
Sedro Woolley, Washington 

ABSTRACT--Restoration efforts at the severely impacted Cascade Pass 
in North Cascades National Park, Washington, began in 1970. 
Because of the scarcity of undamaged meadow vegetation for trans
planting, revegetation has largely proceeded by the propagation of 
native plants at a lower elevation and their subsequent transport 
and planting at the Pass. The National Park Service constructed 
plastic-covered cold frame and greenhouse facilities at Marble-
mount, Washington in which plants are propagated from cuttings, 
divisions and seeds. Most successful species to date have been 
Carex nigricans, Luetkea pectinata, Phleum alpinum and Sibbaldia 
procumbens. 

INTRODUCTION 

When it was established by Congress in 
October, 1968, the highly scenic new North 
Cascades National Park in Washington pre
sented its administrators with a number of 
management problems. Among the most critical 
was serious recreational overuse of several 
of the heavily traveled subalpine passes. 

Cascade Pass was the most accessible, 
most popular and most heavily impacted of the 
high elevation scenic areas in the new park. 
Three years prior to the Park's establish
ment, the Forest Service had extended the 
Cascade River road 1 km closer to the Pass, 
built a large new parking lot at its terminus 
and constructed an entirely new trail with 
low gradients and numerous switchbacks. The 
new trail brought about a heavy increase in 
visitation and recreational impact. 

In its first season of operation, the 
North Cascades administration engaged Thorn-
burgh to survey the recreational impact at 
Cascade Pass and make management recommenda
tions for restoring the area. As a result of 
his study (1970) the Pass area was closed to 
fires and camping at the start of the 1970 
season, and late that summer the Park super
intendent instructed us to attempt to carry 
out some of Thornburgh's suggestions for re-
vegetating the area. 

For nine seasons we have tried to 

restore as many of the impacted areas at 
Cascade Pass as possible by a variety of 
revegetation techniques, being careful to use 
only plants naturally occuring in the area. 
Direct seeding has been minimally successful, 
and the transplanting (plugging) of plant 
material from adjacent undamaged areas, has 
been ruled out by the limited size of the 
meadows (Miller and Miller, 1976). This 
paper discusses only the propagation of plant 
material at a lower elevation and its sub
sequent replanting in the subalpine zone at 
Cascade Pass. 

ENVIRONMENTAL CHARACTERISTICS OF THE STUDY 
AREA 

Cascade Pass is located in what Franklin 
and Dyrness (1973) describe as the upper 
Parkland Subzone of the Tsuga mertensiana 
Zone. The elevation at the Pass is 1,644 
meters (5400 ft). 

The climate is mild, moist and maritime. 
Annual precipitation is approximately 2400-
2600 mm, with the greater part falling in the 
form of snow. Growing seasons are short, 
particularly in the meadows where snow 
remains late in the summer. 

The soils at Cascade Pass are complex in 
nature, ranging from well developed Podsols 
under the subalpine tree clumps to poorly 
developed Regosols in areas of bare soil in 
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the rawmark phase. All soils are moderately 
to highly acid except in old fire rings. 

WASHINGTON 

PROCEDURES 

In 1970, our first year of revegetation 
trials at Cascade Pass, we carried down 
vegetative bulblets of Saxifraga ferruginea 
to attempt their propagation in an unheated 
greenhouse in Bellevue, Washington (1,560 m 
lower elevation). We found that the S_. 
ferruginea bulblets, when sown on a peaty 
soil mix, developed rapidly over the winter. 
A year later, they were mature plants ready 
for transplanting at the Pass. 

In 1971 we collected stem cuttings and 
divisions of Luetkea pectinata and Sibbaldia 
procumbens and rooted them in our greenhouse. 
Finding these species to be easily 
propagated, in subsequent years, we tried a 
number of other species native to Cascade 
Pass. 

PLANT COMMUNITIES 

The subalpine parkland is considered by 
most plant ecologists to be a successional 
stage on the way to a climax state of closed 
canopy forest. A number of hypotheses have 
been advanced, including the role of fire, to 
explain the creation and maintenance of the 
meadow components of the mosaic (Franklin and 
Dyrness, 1973). 

The most thorough ecological studies of 
the subalpine meadow-forest mosaic in the 
Northern Cascades Province and of the Cascade 
Pass area in particular have been conducted 
by Douglas (1972, 1977). He hypothesizes a 
successional status as follows: Carex 
nigricans as the pioneer species, followed by 
serai stages of Luetkea pectinata to Vaccini-
um deliciosum to Phyllodoce empetriformis-
Cassiope mertensiana to the Tsuga mertensi-
ana-Abies amabilis climax. L. pectinata also 
pioneers on xeric rawmark soils. 

On steep, well watered slopes a lush 
herbaceous community dominated by Valeriana 
sitchensis-Veratrum viride occurs, and this 
grades into a somewhat more attenuated tall 
sedge community dominated by Carex specta-
bills and Polygonum bistortoides. The meadow 
at the top of Cascade Pass is an example of 
such a community. 

Most of the denuded areas at Cascade 
Pass were hacked out of heath-dominated 
vegetation, although a number of the old 
campsites were located within the Tsuga 
mertensiana tree clumps where it was probably 
too shaded for the development of the heaths. 
A few of the bare sites were also located in 
the sedge communities. 

In 1973 we used the propagating 
facilities of the Patricia Calvert Greenhouse 
in the University of Washington Arboretum. 
Cuttings of Cassiope mertensiana, Luetkea 
pectinata, Phyllodoce empetriformis and 
Sibbaldia procumbens were treated with 
Hormodin 3 (.8% Tridolebutyric acid) and 
inserted in a mixture of equal parts sand, 
peat and perlite. The flats were placed 
under intermittent mist with bottom heat 
(soil temperature of 21 C). Following 
rooting they were transplanted into standard 
nurseryman's plastic bedding plant trays in a 
potting mixture of 3 parts loam, 2 parts 
sand, and 1 part peat and placed in a lath 
house. Some of the more vigorous plants of 
53. procumbens were ready for planting at 
Cascade Pass only six weeks after the 
cuttings were taken. We overwintered the 
remaining plants in a lath house at the 
Arboretum and in the unheated greenhouse. 

In September, 1974, 159 plastic trays of 
rooted plants were transported to Cascade 
Pass in wooden fruit boxes lashed to pack 
frames. Four volunteers helped the authors 
carry and transplant 17 boxes of plants 
weighing 154 kg from the parking area to the 
Pass some 6 km distance. 

The fall rains needed to enable the 
plants to enter the winter in good 
condition, failed to materialize until late 
October. Despite this drought, survival 
rates, when evaluated in the summer of 1975, 
were sufficiently high that we recommended to 
the North Cascades Park administration the 
construction of a modest propagating facility 
at the Skagit District Office at Marblemount 
for growing selected species of plants for 
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subalpine revegetation. Based on plans which 
we submitted, the Skagit District constructed 
a simple cold frame measuring 1.22 x 3.66 m 
with two hinged lids covered with 6mil clear 
polyethylene. The district also built 20 
flats measuring 30 x 46 cm to contain the 
rooting mixture. 

We used a rooting medium based on the 
Cornell "Peat-Lite" Mix B formula (Hartmann 
and (tester, 1975) as follows: 1 part peat 
moss, 1 part horticultural perlite, 54 g/.028 
m3 (1 cu ft) ground dolomitic limestone (50% 
Ca C03, 40% Mg C0 3), 32 g/.028 m3 

superphosphate (0-18-0) and 32 g/.028 m3 

complete fertilizer (5-14-10). The 
fertilizer also contained fritted trace 
elements in the following amounts: Iron (Fe) 
.7%, Boron (Bo) .0375%, Manganese (Mn) .09%, 
Zinc (Zn) .087% and Molybdemum (Mo) .0025%. 

Although it is not usual to incorporate 
fertilizers in rooting media, we felt that 
the small amounts used would provide some 
stimulus to rooted divisions while at the 
same time not inhibiting the formation of 
roots on stem cuttings. Another reason for 
using an artificial soil mix rather than a 
standard rooting medium was that it would not 
be possible to transplant the rooted cuttings 
into potting soil before they were to be 
planted at the Pass. 

In September, 1975, we collected plant 
material at Cascade Pass and stocked the 
flats with stem cuttings of Luetkea 
pectinata, Potentilla flabellifolia and 
Sorbus sitchensi s and divisions of Carex 
nigricans, Saxifraga tolmiei and Sibbaldia 
procumbens. All the cuttings and divisions 
were dipped into a rooting hormone (Rootone 
No. 10, .4% Alpha Naphthyl Acetamide) before 
being inserted in the rooting medium. 

The flats were watered periodically by 
Park Service personnel during the winter, 
and, beginning in March, 1976, were 
fertilized monthly with a weak solution of 
liquid fish-base fertilizer (10-5-5). The 
Potent ilia, Saxifraga and Sorbus did not 
survive. The Carex was the most successful 
from the standpoint of survival and coverage, 
and most of the flats of Luetkea and 
Sibbaldia made reasonably good growth. 

In August, 1976, the most vigorous flats 
of plant material were dumped out into 
plastic bags for transplanting at Cascade 
Pass. The flats were solid mats of 
vegetation by this time and survived several 
days' storage at the Pass while severe storm 

conditions subsided. 

Encouraged by the success of the cold 
frame, the Skagit District built a plastic-
covered unheated A-frame greenhouse at 
Marblemount in late 1976. Propagation 
results from this facility in the 1976-1977 
season were somewhat less than optimal, 
probably because of a failure to communicate 
to Park Service personnel proper directions 
for handling the plant material. 

In April, 1978, the operation of the 
Marblemount greenhouse was taken over by 
Kathryn Lester (Volunteer In Park). She 
found that the rooted cuttings taken the 
previous year were making unsatisfactory 
growth in their mixture of peat and perlite. 
She transplanted all surviving plants into 
individual plastic and pressed paper pots 
containing a commercial potting soil, Daisy-
Prep Redi-Mix. This mixture is heat 
sterilized and contains in unspecified 
proportions: charcoal, vermiculite, cow 
manure, peat moss, leaf mold, sandy loam and 
"humus mulch." 

The plants were removed from the 
greenhouse for the summer and placed on 
raised benches under partial shade. Their 
growth during the 1978 season was rapid, and 
on September 7, 1978, 584 pots of plants were 
carried to the park in plastic nurseryman's 
flats strapped to packboards. The porters, 3 
Park Service personnel and 5 volunteers, also 
planted all material transported. Species 
were Carex nigricans, Luetkea pectinata, 
Phleum alpinum and a small number of Lupinus 
1 atif01ius and Sibbaldia procumbens. 

In addition to the above propagation 
from cuttings and divisions, we have also 
conducted trials with seed of Phleum alpinum 
(alpine timothy). This grass, which occurs 
sporadically at Cascade Pass, has excited our 
interest since we read of its successful use 
in high-elevation areas of Glacier National 
Park, but we had never been at the Pass late 
enough in the season to find ripe seed. 

On September 17, 1975, we dug a clump of 
this grass with immature seed heads and 
carried it to our home in Bellevue, 
Washington, elevation 84 m (275 ft.). The 
clump was planted in a 1-gallon nursery can 
and allowed to ripen. A month later, we 
picked the seed heads and sowed the seeds in 
a flat containing an artificial soil mixture 
of: 60% sphagnum peat moss, 30% horticul
tural perlite, 10% vermiculite, 64 cc/.028m3 

complete fertilizer (5-14-10). 
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The flat was kept in an unheated green
house during the winter months and, beginning 
in March, 1976, the young seedlings were 
watered about every two weeks with dilute 
fish-base fertilizer (10-5-5) at the rate of 
3.9 cc/liter water. In late spring the flat, 
by now a solid mass of culms, was placed 
outside in a spot receiving full sun. The 
maximum height reached was 7 dm. Beginning 
July 1, 1976, 71 panicles of ripe seed were 
harvested. Viability tests were conducted by 
placing moistened seeds in a seed doll which 
was kept at 28°C for 16 hours and 20°C for 8 
hours daily. Germination occured in 7 to 12 
days with a germination percentage of 48. 

The flat of alpine timothy was carried 
back to Cascade Pass in August, 1976, chopped 
into clumps and planted on one of the most 
severely impacted old campsites. We 
collected ripe seeds from these clumps in 
October, 1977, and grew them in two flats of 
artificial soil in the unheated greenhouse. 
These were turned over to Lester at the 
Marblemount greenhouse in May, 1978. She 
separated the individual plants and 
transplanted them into plastic pots filled 
with Daisy-Prep potting soil. Included in 
the mass planting of September 7, 1978, were 
108 pots of Phleum alpinum. 

RESULTS 

Mature plants of Saxifraga ferruginea, 
grown over the winter in an unheated 
greenhouse from vegetative bulblets, were set 
out at Cascade Pass in 1971, 40 in each of 
three 1 m2 plots. On the most severe, dry 
site, the plants persisted for three years 
but eventually died. On another relatively 
unprotected plot with southern exposure, IS. 
ferruginea constituted 30% cover in 1977. 
The third plot, shaded and protected from 
wind, showed 75% cover. This plant is very 
easily propagated, but it is so succulent and 
susceptible to impact that it does not 
constitute a suitable ground cover. 

The other species propagated in the 
University of Washington Arboretum 
Greenhouse and our own greenhouse and planted 
in the years 1973, 1974 and 1975 show 
survival rates as indicated in Table 1. 

Material grown in the Skagit District 
propagating facilities was planted by Park 
Service backcountry technicians in 1976 and 
1977, and we no longer have detailed records 
of locations, numbers and species planted. 
However, a cursory examination of those 1976 
plantings we could locate in October, 1977, 
showed substantial survival (75-90%) despite 
the record-breaking 1976-77 drought. 

Table 1. Survival rates of Cascade Pass transplants of 1973-75 by species 
1 

Species 

Cassiope mertensiana 

Luetkea pectinata 

Phyllodoce empetriformis 

Polygonum bistortoides 

Rubus pedatus 

Sibbaldia procumbens 

Total 

No. Units 
Planted* 

16 

54 

36 

2 

5 

59 

172 

No. Surviv
ing 1977 

13 

45 

29 

2 

0 

47 

136 

Percent 
Survival 

81.3 

83.3 

80.6 

100 

0 

79.7 

79.1 

*A unit is a flat or tray containing several plants or a pot containing one. 
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Growth rates of the propagated material 
were difficult to measure because of the 
varying sizes of the young plants when set 
out. Generally, we observed that growth of 
rooted cuttings of the heathers was almost 
imperceptible and that propagated Luetkea 
seemed to grow more rapidly than transplanted 
plugs probably because of the undamaged root 
system. Propagated Sibbaldia planted in 
cultivated soil mixed with peat and perlite 
on an unfavorable site had a higher survival 
rate and double the growth rate of that 
planted in unprepared soil. 

The clumps of Phleum alpinum planted in 
1976 had reached a height of 2 dm during the 
1977 growing season and produced an abundant 
crop of seed. Seed of the same species 
planted at the same time produced a few seed
lings that were only 2-5 cm tall a year 
later. 

CONCLUSIONS 

We have found revegetation of impacted 
areas at Cascade Pass through propagation of 
plant material at a lower elevation 
preferable to direct seeding for a number of 
reasons. Nearly all the plants in the upper 
subalpine zone are perennial and not 
dependent upon the production of annual seed 
crops in order to exploit their environment. 
Seedling establishment is rare and very slow; 
it is often several years before a seedling 
is firmly established (Billings 1978). 

Once the vegetative cover is removed, as 
in the old campsites at Cascade Pass, the 
microenvironment becomes even more 
unfavorable. Ballard (1972) found summer 
soil temperatures on such sites in a similar 
area to reach extremes lethal to young seed
lings, often as high as 49 C. Another 
limiting factor to seedling establishment is 
the severe moisture stress on many sites 
during the summer months (Brink 1966). On 
only 3 of the 12 sites at Cascade Pass where 
direct seeding was attempted was satisfactory 
coverage achieved (Miller and Miller 1976). 

Of the material grown from cuttings or 
divisions, Carex nigricans, Luetkea 
pectinata and Sibbaldia procumbens appear to 
be most useful for rapid restoration. 
Besides pioneering on disturbed sites, these 
species are all quite resistent to human 
impact. Luetkea, particularly, appears to 
have greater adaptability to ecological 
diversity than most other species in the high 
subalpine, making it a good choice for 
propagation. The heaths are more difficult 

to propagate, requiring bottom heat for 
satisfactory rooting, and young plants are 
easily destroyed by trampling. 

Phleum alpinum is the only species we 
have propagated from seed in quantity, 
although we have grown some plants of 
Sibbaldia procumbens from seed, and Lester 
has grown some plants of Aquilegia formosa, 
Luetkea pectinata and Lupinus latifolius from 
seed in the Marblemount greenhouse. There 
are probably a number of other subalpine 
species which would perform well, but there 
is a problem of overcoming seed dormancy 
(Miller and Miller 1978). 

Only a minority of high-elevation plants 
possess seed dormancy, but it is most common 
among the dominant and abundant species and 
may be a factor contributing to their success 
(Amen 1966). In wet meadows the principal 
species --Carex, Luzula, Deschampsia, £r^-
thronium Polygonum bistortoides--have dor-
'mancy mechanisms (Billings and Mooney 1968). 

We have found that seed of alpine 
timothy is not dormant, and presumably there 
are other subalpine species that do not 
possess dormancy. A species that germinates 
readily when given favorable conditions of 
moisture, temperature and light is obviously 
much easier to work with than one that must 
be subjected to stratification or other 
dormancy-breaking techniques. We recommend 
experimental work with those species that 
naturally occur on well-drained sites subject 
to some summer moisture stress, as their 
seeds probably are not dormant. 

We have not applied fertilizer to 
planted stock at Cascade Pass but believe we 
could have improved growth rates by doing so. 
The literature contains numerous reports of 
studies indicating enhanced survival and 
productivity of high-elevation plantings, 
particularly of sedges and grasses, as a 
result of fertilizer application. Because 
there is no permanent water supply at Cascade 
Pass, we have not used transplanting 
hormones, but we believe this practice would 
also improve survival and growth rates of new 
transplants. 

There are obvious logistic problems in 
revegetating many of the more remote 
disturbed subalpine areas in North Cascades 
National Park with material propagated at 
lower elevations. In an area as accessible 
as Cascade Pass, however, this has not been a 
major consideration. Sufficient numbers of 
volunteer porters can usually be found if 
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there are available supplies of plants to be 
transported. This method would also seem to 
be practical in other parks and wildlands 
with more extensive road nets. 
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SUMMARY COMMENTS— REHABILITATION SESSION 

M. Miller: With due respect to the case 
histories presented today, I think we have 
learned that the state of the art in 
revegetation is not very advanced. Some of 
you have experienced problems preparing youir 
papers because of inadequate records of the 
early work done on your study sites. Perhaps 
one reason revegetation work is no further 
advanced is that those of us practicing it 
haven't kept very good records. In order to 
get better results and share our findings 
with each other, all of us should improve our 
record keeping. 

We haven't addressed a couple of 
important questions. One is the effect of 
frost action and methods to counter it. 
Another is the question of exotic as opposed 
to native species. Those of us working in 
the national parks feel that we should stick 
with natives, but there are places, I'm sure 
(Colorado, for example), where exotics have 
been tried and have succeeded. 

We have a big question to address: What 
would you do if you were starting all over 
again? What would you do differently to 
improve your revegetation results? 

Dalle-Molle: I think it would be most useful 
to have a baseline inventory of the existing 
situation Maybe you should take a lot of 
pictures right at the beginning to have a 
record of the way things are before you start 
rehabilitation. Assess your problem and then 
try to identify your objectives -- what you 
want to do, what your end product is going to 
be, what you want to accomplish for that 
area. Then pick out your priority areas and 
start working on them. 

The other thing is to try to complete 
your project. Frequently in the park it is 
hard to get the equipment when you need it so 
you're working on about five things at once. 
When you can't get something over here, you 
run over and do a little bit on this project 
and a little bit on that one. In the process 
your energies are dissipated, you're 
redisturbing sites, and the project lingers 
on. It is difficult, but if we could get at 
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things in a systematic manner, I think we 
would minimize many problems. Another 
helpful habit is to document everything. 

Dull: Regarding documentation: It would be 
most useful to us to have permanent photo 
locations from the beginning so that we could 
go back and rephotograph the end product. 

Ells: One of my responsibilities at Mt. 
Rainier is trying to keep photo files 
organized. Photographs are of little use 
unless they are labeled and dated. I have 
found valuable photographs taken four or five 
years ago by a ranger who left them in his 
desk drawer without identification when he 
was transferred. They really aren't too 
useful that way. 

Van Horn: We are taking slides and color 
prints of our projects. Maybe for the long 
term we ought to be taking some black and 
white pictures, too. I understand that color 
photographic material fades eventually, and 
we really should be making permanent records. 

Mann: A tool we utilize in the Forest 
Service is called "backlog", that is, the 
existing backlog of soil-degraded and water-
degraded areas. We should make an inventory 
of the backlog of degraded sites, compare 
those sites and determine just what we are 
calling acceptable and unacceptable impact, 
and then focus our activities on the worst-
damaged areas. That might be the most cost-
effective way to proceed. 

Furthermore, we could use this kind of 
information as a guideline to predict 
potential degradation in the future. We have 
sites, like the new section of the Pacific 
Crest National Scenic Trail where there is 
potential for impact in some very fragile 
basins. We should identify those areas so we 
can prevent degradation from occurring. This 
would be more cost-effective than repairing a 
problem after it occurs. 
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THE IDEA EXCHANGE 

Charles J. Gebler, Moderator 
Regional Chief, Interpretation and Visitor Services 

Pacific Northwest Region 
National Park Service 
Seattle, Washington 

"Consider whence each thing comes, of what it consists, and into 
what it changes, what it will be like when changed, and that it will 
sustain no harm." 

Marcus Aurelius 
170 A.D. 

"...white man crazy. Cut down tree. Make too big teepee. Plow 
hill, water wash. Wind blow soil. Grass gone. Door gone. Window 
gone. Squaw gone. Papoos gone. Whole place gone to hell. No pig, 
no corn, no pony. Indian no plow land. Keep grass. Buffalo eat 
grass. Indian eat buffalo. Hide make plenty big teepee. Make 
moccasin. All time eat. Indian no hunt job. No work. No hitch
hike. No ask relief. No build dam. No give dam. White man heap 
crazy." 

Native American (Name unknown) 
Prize-winning verse in contest sponsored by 

The Oklahoma Farmer Stockman. 

INTRODUCTION 

This special session was an "environmental 
impact show-and-tell event." There were 
several formal presentation scheduled in ad
vance, along with a number of informal 
presentations. While there was variety and 
diversity to the subject matter, all pre
sentations were geared to effective tech
niques for minimizing recreational impact on 
wildlands. 

The evening commenced with a showing of the 
film "The Eternal Land," produced under con
tract for the National Park Service by Robert 
Pendleton and George Lukens Jr. The film 
illustrates the balance of a great wilderness 
environment -Mount McKinley National Park in 
Alaska. It depicts a land that is eternal, 
only as far as man continues to permit it to 
be. The production has already won four 
national and international awards. 
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REACHING YOUR PUBLICS THROUGH TELEVISION 

Charles J. Gebler 
Regional Chief, Interpretation and Visitor Services 

Pacific Northwest Region 
National Park Service 
Seattle, Washington 

Reaching your publics with significant 
messages, such as those on minimum recre
ational impact of wildlands, can be effec
tively done through television. In 1978 the 
Pacific Northwest Regional Office, National 
Park Service, conducted an experimental pro
gram in the production and distribution of 
public service announcements for commer
cially operated television stations in 
Washington, Oregon, Idaho and Alaska. Under 
FCC regulations, a certain percentage of time 
is furnished cost free by commercial tele
vision and radio stations for messages of 
public concern. Competition for this free 
air time is keen. 

The experimental program consisted of 
four messages on visitor hiking safety and 
crime prevention in parks and recreation 
areas. Two of these border on wilderness-
impact education. The messages were produced 
on contract with KCTS-TV, public television, 
University of Washington. Production plans 
for 1979-80 call for at least one of three 
new messages devoted to the wildlands impact 
theme, through KCPQ-TV, public television, 
Clover Park School District, Tacoma, 
Washington. 

Use of the public service announcement 
material by the 40 commercial television 
stations in the Pacific Northwest was un
usually high. The messages were frequently 
shown during prime time, often in association 
with children's television programming. 

Several conclusions are drawn as to the 
reasons for the success of the project. Pro
grams were regionally oriented, and this was 
emphasized in preliminary contacts with 
station personnel. The program was conducted 
on a highly personal level. Telephone calls 
were made to every television station in 
advance, and the name and title of the staff 
member directly involved with programming 
public service announcement material ob
tained. Following this, a telephone conver
sation was held with that staff member to 

describe the material and the general phi
losophy behind this particular educational 
endeavor. 

The material was professionally 
produced on two-inch videotape, the size 
universally used by television stations 
today, and the videotape reel was mailed in a 
standard industry-type mailing carton for 
this product. Special labels, featuring the 
cartoon work of the artist contracted for the 
project, were used on the outside of the 
cartons. These labels contained the name and 
address of the sponsoring agency, the titles 
of the programs, and the exact length of time 
for each. The reel of tape was accompanied 
by a copy of a personal letter addressed to 
the individual who had been contacted by 
telephone. This letter reviewed the ob
jectives of the program. Follow-up letters 
of appreciation were also a part of the pro
ject. 

The videotape material itself consists 
of three 30-second programs and one 60-second 
program. The three 30-second programs 
feature original still cartoon material by 
Seattle artist Bob Cram. Both panning and 
zoom photographic techniques were used with 
the cartoons. The 60-second program consists 
of excerpts from a recently produced film on 
children's hiking manners, Trail and Error 
(also developed for the National Park Service 
on contract by KCTS-TV, University of 
Washington). The hiking safety and crime 
prevention messages were produced with flair 
and have a sense of humor. All four of the 
public service announcements contain agency 
identification at the end. Narrative 
material emphasizes the Pacific Northwest, 
as did the letters to the television 
stations. 

Positive impact on the Pacific North
west community was great. One large Seattle 
television station estimated that a single 
showing reached 800,000 homes. Audience 
numbers, of course, vary with the size of the 
community. 
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To extend the use of these messges into 
the parks themselves, videotaped material 
was transferrred onto 16mm optical film. In 
addition, slide sets were made of the three 
cartoon programs and accompanied by a script. 

This type of public service material was 
one of the most cost effective communications 
tools ever used by the National Park Srvice 
in the Pacific Northwest. 

A number of other methods can be used to 
produce public service announcement material 
for television. One simple and inexpensive 
method is to use 35mm slides and a script. 
Stations will also accept slides with taped 
messages. Furnish a script with taped 
messages to clearly show slide changs. In the 
case of one-slide messages furnish a script 
too. Stations may prefer to sue their own 
voices. Check with the stations on the type 
of tape used as well as on the preferred 
message length. Most slide messages are 
brief and, like videotape messages, are in 
30-second lengths or multiples thereof. Ad
vantages of slides are low cost and pro
duction capability by the initiating agency 
or organization. 

The use of motion picture films on tele
vision can also be an effective communication 
tool. Films produced by your agency or 
organization need no legal clearance. 

Commercially produced films not owned by your 
agency or organization do require clearance 
for television use from at least the pro
ducer. Both commercial and public television 
stations may be interested in your films. 
Public television stations are often inter
ested because of their commitment to edu
cational programming and some flexibility in 
scheduling. A telephone call to determine 
interest, followed by a preview copy of your 
film is a good procedure. 

Your film program is more effective if 
accompanied by a brief typed introduction for 
possible direct reading or extraction by 
station personnel. In the case of stations 
near your location, you may even consider an 
in-person introduction. 

Public television stations might in
clude the title and description of your film 
in printed bulletins or schedules sent to 
schools. This normally requires substantial 
lead time. One very effective method used 
through the University of Washington station 
was the production of a simple printed flyer/ 
poster announcing a special film showing or 
series. This was mailed by the station to 
all schools within its viewing range. KCTS-
TV, public television at the University of 
Washington, estimates an audience size of 
50,000 during the day and 300,000 at night. 

Red alder 
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MANAGEMENT PROBLEMS IN OFF-ROAD-VEHICLE RECREATION 

Russell Shay 
National Conservation Staff 

Sierra Club 
San Francisco, California 

ABSTRACT--Management of off-road-vehicle (ORV) recreation has been 
handicapped by a lack of planning by public agencies. As a result 
ORV management has been largely reactive, that is limited to 
repairing damage, rather than aimed at minimizing the incidence of 
damage through land-use planning and education of ORV users. 
Impacts of ORV recreation are shown to be of very large scale, 
necessitating active management which can only follow from 
managers' commitment to conscious positions on questions of public 
policy concerning the value of ORV recreation. 

The phenomenon of off-road vehicle 
(ORV) use as a mass recreation is relatively 
new. It came on the scene about 20 years ago 
and quickly grew at an almost astronomical 
rate (Sheridan, 1978). Because it came so 
suddenly and grew so quickly it took most 
land managers by surprise, and for the most 
part the managers have never caught up. Two 
decades after ORV use in natural settings 
began to show serious negative impacts on 
land and recreation resources, most manage
ment of ORV recreation is still merely re
action. ORV users do much of the decision
making, and managers come along after and try 
to clean up. •• 

Several cases clearly illustrate what 
can be expected when ORV use is managed by 
reaction rather than planning. 

The Hollister Hills Vehicular Recre
ation Area is a ORV park in central 
California owned and operated by the state 
and purchased specially for this use. The 
State Parks Department did not seek a site 
where maximum ORV use could be managed with 
minimum impacts (and, therefore, minimum 
maintenance); it selected Hollister Hills 
primarily because of its long-established 
use as an ORV park by motorcyclists. Thus, 
in essence, it was the ORV users who selected 
this site. They did not consider 
manageability: their use of the area was 
dictated solely by their recreational 
preferences and the accessibility of the 
site. 

Only after acquisition of the site did 
the state of California commission a soils 

study, which concluded that the soils and 
topography of the area were largely un
suitable for ORV use because of high erosion 
potential (Webb, 1977). That study confirmed 
what was apparent to users and others who saw 
trails disrupted by 8-foot-deep gullies, 
natural drainages choked with silt and debris 
carried by greatly increased runoff, and the 
failure of one dam built to contain siltation 
on-site. 

The U.S. Forest Service manages 188 
million acres of public lands for which ORV 
mangement planning was directed by Executive 
Order 11644 (Nixon, 1972.) A memo from 
Forest Service headquarters to all Regional 
Foresters (Smith, 1976) advised the 
following policy toward ORV planning: 

Restrictions and closures are to be used 
only as a last resort...Restrictions will 
be based on...adverse effects to 
resources/the environment (damage must be 
occurring or be in immediate danger of 
occurring). The inclusion of large 
acreage in closures or restrictions to a 
localized problem is not accepted. 

These instructions clearly weigh 
against even the most rudimentary types of 
prophylactic management. Managers are in
structed to forego the precaution of planning 
for areas where ORV use is not already estab
lished and apparent. Management is re
stricted to following existing ORV routes 
looking for problems. 

The intent of these directions is to 
minimize the management presence, in keeping 
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with generally accepted wildland recreation 
objectives, but in actual practice, they 
represent a short-sighted strategy toward 
that end. When managers follow ORV trails 
looking for problems, they end up closing 
areas with established use. No matter how 
small a percentage of the total mangement 
area these closures represent, they are very 
evident to ORV users. 

There is, in fact, a general belief 
among many ORV users, widely expressed in 
ORV-oriented media (Kramer, 1978; 
Leadabrand, 1978; American Motorcyclist 
Assoc, 1978), that federal agencies oper
ating under this management approach are 
closing down all or most ORV use on their 
lands, despite the fact that the vast 
majority of federal lands are officially open 
to ORV use. An analysis of ORV planning in 
27 National Forests showed that only 13.4% of 
their 29 million acre land base was desig
nated closed to ORVs (Wilshire, 1976). It is 
interesting to note that over 10% of all 
National Forest lands were closed to ORV use 
before Forest Service ORV planning, largely 
by Congressional designation of wilderness 
areas (U.S. Forest Service, 1973). 

A logical way to minimize the need for 
response-management is through positive 
planning efforts based on resource infor
mation—particularly on soils, slope and 
vegetation data--by zoning ORV use to reduce 
potential problems (Geological Society of 
America, 1977). A more positive management 
approach might also make solutions other than 
closure more acceptable where problems occur 
in areas zoned for ORV use. A number of 
techniques for trail-hardening, for example, 
have been demonstrated on a limited basis 
(Rasor, 1977), but their use requires a com
mitment to active rather than passive ORV 
management. 

Further, spot closures are far more 
difficult to enforce than area closures, 
especially where these closures are on pre
viously existing ORV routes. In short, the 
primary planning task in ORV management is 
the decision of where ORV use is appropriate; 
managers' abdication of this responsibility 
to ORV users is both bad land management and 
bad recreation management. 

Planner reluctance to use resource data 
in zoning ORV use is due in part to a lack of 
data on the "carrying capacity" of various 
landtypes for ORV recreation. While quan
tification is needed, data are available on 
the relative suitability of different sites. 

The Forest Service manages ORV use as a 
"dispersed recreation," characterized by 
"relatively low-density use and occurring 
over rather broad expanses of land" (U.S. 
Forest Service, 1976). The basic management 
strategy for dispersed recreation is to keep 
density, and thus impacts, down. The 
effectiveness of this strategy for ORV recre
ation requires that (1) ORV users do dis
perse, and (2) that this dispersal is ade
quate to keep ORV use intensity below 
"carrying capacity." 

However, ORV users do not always meet 
these two requirements. They are often gre
garious and congregate in specific areas or 
on specific trails—and in doing so sometimes 
clearly exceed "carrying capacity" for those 
specific sites. 

Federal land managers are required by 
Executive Order 11644 to "monitor the effects 
of the use of off-road vehicles," but there 
has been no programmatic effort by any land 
managing agency to gather usable data on the 
levels of impacts or the levels of use: the 
order has been interpreted to mean that 
managers should keep on the lookout for 
trouble spots, and no more. Obviously, the 
compilation of data on both impact and use is 
the necessary first step in determining 
"carrying capacities." 

The sufficiency of dispersal as an ORV 
management strategy is intuitively supported 
by our consciousness of the huge area of the 
public lands—341 million acres of National 
Forest and Bureau of Land Management (BLM) 
lands in the lower 48 states (BLM, 1976). 
But this has to be tempered by an equal con
sciousness of the enormous number of ORV 
users and the size of their potential impact. 
There may be as many as 12 million users of 
off-road motorcycles alone (David, 1978). 
Considering that the motorcycle industry 
estimates that motorcyclists traveled 4.5 
billion miles off road in 1977 (Motorcycle 
Industry Council, 1978) and that typical off-
road motorcycle tire track covers one acre in 
twenty miles of travel (Wilshire, 1977) 
estimated motorcycle impact (in 1977 was) 
equivalent to a single motorcycle pass over 
225 million acres. This is an annual impact. 
This figure is not proposed to be exact—it 
doesn't count use on non-federal lands or 
impacts extending beyond the motorcycle 
track. It is, however, a clear indication 
tha the impact of millions of recreationists 
multiplied in speed, range and power by 
gasoline engines, is more than large enough 
to call for active, effective management. 
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Eventually, any management of ORV 
recreation as part of "multiple-use" lands 
under a mandate for sustained productivity 
and yield will have to be justified and 
guided by carrrying capacity or some related 
concept. One alternative approach to 
providing a rational data base for policy and 
planning decisions in ORV management is 
accounting the costs of ORV impacts. Once 
quantified, these costs could be balanced 
with the value of providing ORV recreation 
opportunities (fixed by public policy 
decisions). Quantification of the costs of 
ORV use over large areas with scattered ORV 
use has not, to my knowledge, ever been 
seriously attempted. There have been some 
opportunities to quantify costs in some 
smaller, more intensively used ORV recrea
tion areas. 

In Richmond, California, a regional 
parks authority acquired a site of trespass 
ORV hillclimbing as part of a larger project. 
The parks district has been trying to reclaim 
this area to reestablish ground cover and 
soil stability. The cost of this reclamation 
effort has been approximately $2,000 per 
acre. The area is being reclaimed, not re
stored: most of the original soil is gone 
and it will never look like it did before 
ORVs began using it. ORVs will not be able 
to use this particular area again. 

The county of San Diego has spent 
several years planning on ORV park with goals 
of compliance with county environmental 
standards and non-degradation of the area 
from the users' point of view (i.e., the area 
would be maintained so as to have a long use
ful life as an ORV park) (San Diego Co. 
Board of Supervisors, 1978). The planners 
computed that to meet these goals at the 
chosen site would require $9.5 million for 
acquisition and set-up and almost $1.4 
million annually for maintenance and 
operation (San Diego Co. Integrated Planning 
Office, 1978a). This would provide 136,500 
user-days of ORV recreation per year on the 
1,500 acre site (San Diego Co. Integrated 
Planning Office, 1978b). 

Part of the cost would go to keeping 
enough ORV competition and other use going on 
in the area to provide for some return to the 
county to offset the area's costs; however, 
the end cost is still over $10 per user-day 
for ORV recreation, not counting the acqui
sition and set-up costs. 

As originally proposed, the County's 
idea for an ORV park could have been a 
legitimate service for the owners of the 
175,000 ORVs in San Diego County (San Diego 
Board of Supervisors, 1978). But when costs 
were calculated, county officials were not 
interested in paying for providing ORV 
recreation. They insisted on adding ORV com
petition and other features to the facility 
to make it cover its own costs through such 
revenue sources as admission fees and con
cessions. It became a monster, and as a 
result the County has retreated to the no-
managed-use option: no park. 

At least the cost of ORV use was com
puted in that case. People were made aware 
that there is a cost to ORV use and that at 
least some of that cost can be put into 
dollars and cents. In the case discussed 
above, the County decided it didn't want to 
pay the cost. Nevertheless, the price is 
still being extracted: there are still 
175,000 ORVs in the county and they are still 
being used. 

That ORV use costs the public money is 
not a reason for refusing to allow it; it is, 
however, a necessary piece of information for 
deciding when, where and under what circum
stances to allow it. It involves confronting 
the questions of how much we are willing to 
pay for ORV recreation and how we can get the 
most ORV use for our money or resource com
mitments. ORV management will have to come 
to grips with such basic policy questions if 
it is to take the strong management actions 
needed to manage a phenomenon as large as ORV 
recreation. 

One of the key variables in "carrying 
capacity" for ORV use, and one of the 
greatest potential sources of increasing 
"carrying capacity," is the attitude, know
ledge and responsibility of the ORV user. 
But the reluctance of managers and their 
superiors to commit themselves on basic 
policy questions has left a great void in the 
guidance and education available to ORV 
users. There have been signs of slow 
progress in this area, and they are encour
aging. But the potential for increasing 
carrying capacity will remain greatly under-
exploited. Managers continue to let users 
make planning decisions without guidance and 
merely follow close behind to correct. 
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ESTABLISHING A VOLUNTEER WILDERNESS HOST PROGRAM 

Bernard A. Smith 
Head, Wilderness and Special Areas Section 

USDA Forest Service 
Portland, Oregon 

Attracting adequately skilled volun
teers to work on important wilderness manage
ment projects and obtaining funding to ade
quately manage and conduct a volunteer 
program are problems with which agencies have 
had to struggle with for years. In 1977 a 
volunteer "Wilderness Host" program was 
successfully field tested in the Glacier Peak 
and Alpine Lakes Wildernesses. The concept 
was developed on a backpack management field 
trip led by Cal Dunnell, Recreation Staff 
Officer, Wenatchee National Forest. This was 
a cooperative effort involving personnel of 
the Mt. Baker-Snoqualmie and Wenatchee 
National Forests, Ruth Ittner of The 
Mountaineers (Seattle) who performed as 
project catalyst, and many other supporters. 

Early in 1977, after preliminary dis
cussions of volunteer programs with members 
of The Mountaineers, the Forest Service 
polled personnel of the ranger districts 
which manage the two wildernesses. Object of 
the poll was to determine the need for volun
teers, support available (housing, equip
ment, supplies, transportation, and funds 
available for per diem and other incid
entals), and willingness to participate in 
the Wilderness Host program. They found that 
volunteers were most needed to assist wilder
ness rangers with trail maintenance, 
minimum-impact educational efforts, resource 
inventories, collection of user data, and re
habilitation projects. 

Editors of local club publications and 
Pacific Search were provided with a news re
lease which described the Host program and 
encouraged qualified individuals to apply. 
To qualify, a volunteer had to: 

1. Have taken the Mountaineers basic 
climbing course or have equivalent moun
taineering skills and knowledge, and be an 
experienced backpacker, hiker and camper 
under wilderness conditions; 

2. Possess a current Mountaineering 
Oriented First Aid Certificate; 

3. Have previous experience contacting 
the public and a sincere desire to serve 
as a considerate, understanding host to 
wi lderness visitors; 

4. Be dedicated to wilderness principles 
and concerned about wilderness management 
issues; 

5. Be a mature individual capable of 
working unsupervised; and 

6. Be available for a period of time--
from at least several three-day weekends 
to all summer—and be available to attend 
a one week wilderness ranger training 
session the third week in June. 

Districts varied in their volunteer 
needs and support capabilities. About 
fifteen applications were received, about 
half of the number of positions available. 
However, the caliber of the applicants was 
excellent. About eight applicants went to 
work on the Wenatchee National Forest and 
five on the Mt. Baker - Snoqualmie. 

In most cases applications were sent to 
the Mountaineers' Clubroom and were then 
handled by a screening committee. The com
mittee's task involved reviewing the appli
cations and directing them to a contact at 
the preferred work area or in some cases 
trying to match applicant skills to manage
ment needs. The screening committee was 
important as a coordinator to keep track of 
applications and to followup with managers to 
insure prompt and suitable placement of the 
volunteer. Some applicants obtained paying 
jobs at the last minute. 
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Efforts were made to provide for volun
teers' backpacking equipment, transportation 
between the Ranger Station and trailhead, and 
when possible, housing or a small payment for 
subsistence. The Mountaineers also made a 
significant effort to obtain outside support 
for the program. REI Co-op, Swallow's Nest 
and Eddie Bauer responded with support in the 
form of special offers for trail foods. How
ever, because the offers came in such 
different forms and the volunteers were so 
widely separated and had varying tastes, it 
became logistically impossible to accept 
these offers. 

In general the volunteers performed the 
same types of work normally assigned to 
wilderness rangers. The tasks were varied 
and ranged from contacts with wilderness 
users to promote a good wilderness ethic and 
minimum impact techniques to light trail 
maintenance work. 

The latter involved removing small 
windfalls and debris from larger ones to 
facilitate removal by trail crews, removal of 
small slides and rocks, maintaining trail 
drainage, removing old paint blazes from 
rocks, and maintaining trail signs. 

Volunteers also made significant con
tributions to several projects such as, re
habilitating severely used areas and inven
torying campsites, signs, and species of 
wildlife. 

It was quite important that the super
vising manager and the volunteer develop at 
the outset an understanding of what the job 
was to involve. A semi-formal, written job 
description and work schedule were helpful. 

Several volunteers participating in the 
Wilderness Host program were hired as full-
time seasonals a short time after they began 
their volunteer work. In any case work ex
perience and recommendations aided volun
teers in obtaining better paying jobs the 
next season. 

It may be worthwhile to consider ex
panding this program to seek quality volun
teers for additional purposes such as for 
trailhead contacts or to watch cars at 
heavily used trailheads where vandalism is a 
problem. 
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THE RESPONSIBLE TRAIL USER 

Ruth Ittner 
Chairman, Trails Coordinating Committee 

The Mountaineers 
Sea t t l e , Washington 

The development and d i s t r i b u t i o n of a 
me page f l y e r e n t i t l e d The Responsible Trai1 
Iser is a good example of cooperat ion between 
J.S. Forest Serv ice, users and p r i va te 
'ndust ry . The idea developed when about a 
lozen people from various organizat ions met 
:o i n fo rma l l y discuss the problems re la ted to 
; r a i l s . Early in 1976 a number of d ra f t s of 
i f l y e r r e l a t i n g to what the t r a i l user 
ihould know and do were reviewed and rev i sed . 
\ l though p r in ted on the fo l l ow ing pages in 
;onsecutive order , the o r i g i n a l layout was 
lesigned fo r a three way l e t t e r f o l d . 

Mt. Baker-Snoqualmie National Forest 
p a r t i c i p a t e d in the process. Ramona 
Hammerly, an a r t i s t cont r ibu ted the 
sketches, and a draftsman helped wi th layout . 
The Mountaineers p r in ted 3000 copies fo r d i s 
t r i b u t i o n to c l imb ing , a lp ine-scrambl ing and 
backpacking course p a r t i c i p a n t s . Copies 
were also sent to ranger s ta t ions fo r the 
pub l i c . In June REI Coop reproduced copies 
and made them ava i lab le to customers. Early 
the next year the U.S. Forest Serv ice, Region 
6 rep r in ted the f l y e r and these were d i s 
t r i b u t e d by The Mountaineers through 19 
ou t l e t s in the Seat t le Metropol i tan area. 

K N O W S WHAT TO DO 
ABOUT 

Trails are key part of many outdoor 
recreation experiences, but many 
trail travelers take them for 
granted. Most trails are built 
and maintained by land management 
agencies that are short on dollars 
and people. You can help them keep 
the trails open and safe and provide 
more trails. 

How? - This leaflet provides some 
ideas. 

THE 
RESPONSIBLE 

TRAIL 
USER 

WHAT A WATER BAR IS? 
Those halfburied logs 
diagonally across the trail 
held in place by stakes 
are called "water bars." To 
function the uphill side must 
be able to catch the water and 
keep the lower end free of 
debris to permit drainage. 

THE REASOSS FOR SWITCHBACKS? 
To reduce the grade so it is hike-
able and to prevent erosion are the 
reasons for switchbacks. Cutting 
switchbacks create a severe 
erosion problem, damaging the 
land, First the vegetation 
vanishes, then, the topsoil 
washes off narrowing the 
trail tread. The process 
continues until the trail 
is washed out and bare 
rock is exposed. 

THE MEANING OF DEBRIS ACROSS ONE OF 
TWO TRAIL CHOICES? 

The trail has been relocated --
the trail with the debris across 
is the wrong choice. Debris is 
also used to discourage the 
cutting of switchbacks. 

REGISTERING AT TRAILHEADS IS SIGNIFI
CANT? 

Trail user statistics are used 
to obtain funds for trail 
maintenance. Reasonable and 
economical suggestions are 
taken seriously. 

TRAILS WHICH HAVE BECOME STREAMBEDS? 
Go to the source and 
Remove debris 
From natural water course. 

M1JD PUDDLES IN THE TRAIL? 

Using the heel of your boot or 
Ice Axe or stick 
Make a drain channel. 

DEBRIS ON THE TRAIL? 
Move off the trail and 
Scatter on lower side. 
Smal1 trees can 
Often be moved 
By several people. 

ROCKS? 
Move those 
Over six inches in diameter 
If possible 
Without endangering 
Anyone below. 

BRUSH? 
Encroachment upon trail 
Can be minimized 
By breaking off the growing edge and 
Scattering it on the 
Downhill side of the trail. 

CAIRNS? 
Keep the piles of stones 
Used for landmarks 
Intact. 

LITTER? 
Pick up and 
Carry out. 
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The Responsible T r a i l User answers such 
quest ions: What is a water bar? What are 
the reasons fo r switchbacks? What is the 
meaning of debr is across one of two t r a i l 
choices? Why is i t important to r eg i s t e r at 
t ra i lheads? What should the t r a i l user do 
about t r a i l s which have become streambeds, 

mud puddles in brush, ca i r ns , and l i t t e r ? 
What and how should the t r a i l user repor t 
washouts, blowdowns, the lack of t r a i l s igns, 
dangerous stream cross ings, and mud wallows? 
In a d d i t i o n , the brochure has some 
suggestions fo r s t re tch ing t r a i l maintenance 
d o l l a r s . 

WHAT TO REPORT 
WASHOUTS 

Trail tread undercut 
By the stream below or 
Obliterated 
By avalanche or landslide 
From above. 

BLOWDOWNS 
Trees across the trail 
Single ones 
Difficult to negotiate 
Because of size, angle, or 
Location 

TRAIL SIGNS 
No longer readable 
Missing 
On the ground. 

DANGEROUS STREAM CROSSINGS 
Damaged or destroyed bridges and 
foot logs 

MOID WALLOWS 
Boggy area 
Which has become 
Nearly impossible 
Due to use. 

HOW TO REPORT 

WHERE 

To District Rangers Office: 
Forest Service Maps 
Contains addresses 
And telephone numbers 
Why not leave a note about 
Trail conditions at the Ranger 
Station on your way home or 
Leave in trail registration 
Boxes 

INFORMATION NECESSARY 
Trail name 
and number 
the problem and 
its approximate location 

RECORD INFORMATION 
On the spot 
to obtain details and help you 
remember to report. Another 
way would be to take photos. 

HOW TRAIL 
MAINTENANCE 

DOLLARS 

CAN BE STRETCHED BY ' 
Undertaking volunteer trail mainte
nance. Your group - organization, 
family, or friends - can increase 
the trail mileage available for 
you - to hike. 
It is fun to work together! 
It is also worthwhile! 
Become a trail supporter! 

Locating old abandoned trails 
suitable for recreational use. 
If the land manager agrees, brush 
them out- Mark them. Report 
them. Give your reasons why 
this trail should be part of 
our trail system! 

Photographing problems from several 
angles and sending them to the land 
management agency is the most 
effective method of reporting. 
From photos the problem can be 
analyzed, solutions determined, 
equipment and material selected 
without an extra trip to the 
site. 
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THE USE OF INTERPRETIVE STRUCTURAL MODELING IN THE CONTEXT 
OF RECREATIONAL IMPACT MANAGEMENT 

James A. Wise 
Associate Professor 

Department of Architecture 

William Cole 
Department of Psychology 
University of Washington 

Seattle, Washington 

ABSTRACT--Interpretive Structural Modeling (ISM) is a computer 
assisted technique for structuring complex problems. This paper 
presents a short description of the process of ISM an dthe results 
of an exercise that applied this methodology to the problem of 
recreational impacts on wildlands. Although the results are only 
illustrative, they demonstrate that a careful modeling study, per
formed in such a context, could help to uncover and specify the 
different interconnected elements that make such problems difficult 
to solve in a piecemeal manner. 

Interpretive Structural Modeling is a 
computer assisted process for structuring 
complex system problems. A complex system 
problem is one that involves many inter-
conneted variables of concern at different 
levels of abstraction. An example would be 
the "import management problem" that 
includes physical, biological, and socio
economic effects. ISM, rather than being 
concerned with the evaluative aspects of 
systems problems, focuses on the structural 
aspects that provide a framework within which 
evaluation can occur. 

With ISM, the development of a 'frame
work' takes place through the use of graph 
theory, which produces a network repre
sentation of the complex problem or issue as 
in Figure 1. 

In such a representation, the elements 
of interest are the 'points' or 'nodes' that 
are interconnected by the 'arrows' or 'paths' 
of the network. The 'arrows' indicate that a 
certain relation holds between any pair of 
elements. This relation can indicate 
relative importance, influence, or any sort 
of directional property than can serve as a 
basis for the network. 

The computer-assisted ISM process 
allows people to structure a complex problem 
in a systematic fashion that is both 
efficient and complete, once the elements 
have been initially defined. The essential 

Figure 1. The sort of network representation 
that can be constructed as an interpretive 
structural model of a complex systems 
problem 

advantage of the procedure is that the com
puter allows people to consider single 
relationships at a time, while it auto
matically performs all the bookkeeping 
chores and draws all logically permissible 
inferences from the human judgments it 
requests. As a result, although participants 
need only focus the relationship between two 
elements at a time, the computer's appli
cation of logic and bookkeeping builds a 
complete structural model of the inter
relations among all elements. 

At this conference on Recreational 
Impact on Wildlands, an ISM workshop session 
was held to introduce conference partic
ipants to the technique and to help structure 
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some collected user expectations and 
motivations in wildland recreation that 
could serve as a springboard for the final 
session. The remainder of this paper will 
provide a 'walkthrough' of the ISM session. 

There are two main phases in the use of 
ISM. In the first phase, a text file is 
created for entry into computer storage. 
This requires identifying and defining: 

1) the elements of interest to the 
problem; and 

2) the relationship of interest among 
elements that will build the model. 

These steps do not involve computer 
assistance or guidance, but are critical to 
the subsequent success of the modeling 
effort. It is at this phase that the old 
expression of the programmer "gigo" (garbage 
in-garbage out) becomes most relevant. The 
computer can only work with the information 
given it. It cannot improve on the intel
ligibility or insightfulness of the elements 
chosen to construct the text file. 
Sufficient care and consideration here will 
prove invaluable to the success of the 
remainder of the ISM process. 

In this workshop, the context was 
"wildlands recreation" and elements of 
concern were selected from a list of user 
expectations and motivations that had been 
constructed earlier. The element set used in 
the workshop is as follows:. 

1. Having a primitive outdoor experience 
2. Drinking water from a free-running 

source 
3. Observing wildlife 
4. Getting exercise in natural setting 
5. Experiencing a contrast to everyday life 
6. Gathering natural foodstuffs 
7. Experiencing companionship out of doors 
8. Learning outdoor survival skills 
9. Family sharing experiences 

10. Exploring new places 
11. Being alone 
12. Studying flora and/or geological 

features 
13. Trapping or hunting for game 
14. Mountain climbing 
15. Using four-wheel drive or trailbike 

vehicles 
16. Photography outdoors 
17. Horseback riding with or without pack 

horses 
18. Building a campfire 

This set is far from comprehensive. The 
elements were selected to provide a variety 
of concerns and levels of abstraction within 
a list length that fit the time requirements 
for the session. 

The relation selected was the subset or 
component relation. In the session, it was 
worded as "_ is a component or 
aspect of in the context of 
wildlands recreation." The component 
relation was chosen because it had worked 
well in earlier practice sessions, and be
cause it is utilized in most hierarchical 
evaluation models, which proceed by breaking 
down complex value issues into their com
ponent parts. 

Once a comuter file is established that 
holds the elements, the relationship, and the 
context, the second phase may be executed at 
any convenient later time. The second phase 
is interactive with the computer. The 
session may involve any number of people 
appropriate to small-group decision-making. 
During this session, the computer presents 
statements composed of pairs of the elements 
juxtaposed by the relation and qualified by 
the contextual phrase. For each pair of 
elements, the computer asks the session par
ticipants whether or not the relation of 
interest holds between that particular pair. 
Participants may answer that the relation 
holds in one direction or the other, or both, 
or not at all. 

As an example, the first question given 
the session participants was: "Having a 
primitive outdoor experience is a component 
or aspect of drinking water from a free-
running source in the context of wildlands 
recreation." Their response was that the 
relation held "upward" (the second element to 
the first) but not "downward". In other 
words, drinking water from a free-running 
source was judged to be a component of having 
a primitive outdoor experience, but not vice 
versa. 

The available ISM program does not 
permit multiple or uncertain judgments on 
whether a relation holds or not, so a 
majority vote among the participants served 
to provide the necessary judgment. 

As the session proceeds, the computer 
keeps track of the judgments and begins 
internally to build a model of the inter
relation network among the elements. This 
procedure does not require that participants 
make judgments on all pairs of elements. 
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Instead, the computer is equipped to make the 
necessary transitive inferences to complete 
a binary matrix (0,1) representing all 
possible pair-wise connections among 
elements. 

The mathematical process of ISM is based 
upon the one-to-one correspondence possible 
between a binary matrix and a graphical rep
resentation of a directed network. The 
elements form the contents of the index set 
for the rows and columns of binary matrix 
created by the computer. In our session 
since we had 18 (eighteen) elements, this 
would be an 18 x 18 matrix. If participants 
decide that a relationship holds between any 
pair of elements i, j; a 1 is entered in the 
corresponding intersection of row i and 
column j. If the relationship does not hold, 
a 0 is entered. Once the matrix is completed 
(with the savings acquired by the computers' 
transitive inferences), the computer is 
prepared to derive higher order connections 
among the elements and then to partition the 
elements into 'levels' that represent both 
immediate and second-order (or higher) con
nections. 

The derivation of higher-order con
nections among elements is mathematically a 
simple task that requires transforming the 
basic binary matrix by raising it to suc
cessive 'powers' until no new 'Is' appear in 
the cells. All of this is, of course, done 
automatically through the ISM program. 

The final result of this process is a 
printout from the computer that shows: 

1. Which elements are functionally equiv
alent to others in terms of their con
nections within the structure. This is 
described as elements forming a 'loop' on 
one element, and means that for the 
relational purposes of this network, they 
may be regarded as functionally 
identical. In our session, the elements 7 
and 18, and 1, 9, 10, and 11 exist in such 
logos. 

2. Which elements exist on different 
"levels" within the network structure. 
For example, an element that has many 
other elements as "components or aspects 
of" itself while not being "a component or 
aspect of" others will be placed on a 
higher numbered level. 

The output of the conference workshop session 
is shown in Table 1, and a graphic summary 

Table 1. The print-out from the ISM evening 
session at the Wilderness Conference. 
"Loop"s identify relational equivalences and 
arrows indicate first-order connections 
amount the elements. 

of the session results is shown by Figure 2. 
Although it is possible to infer some 
interesting and non-obvious conclusions from 
this representation, (e.g. 'Desire for 
Exercise' as a basic motivation is inde
pendent of a motivation for a primitive ex
perience.) This is not its purpose. Rather, 
the representation should be looked at as a 
possible source of hypotheses or as a 
stimulus for creative thinking. 

It should be emphazied that an output of 
ISM should not be regarded as a 'given' and 
treated as a 'true' or 'optimal' config
uration. The representation is no better 
than the jdugments that went into it, and it 
involves only one relation. Its value lies 
in its usefulness as a stimulus for dis
cussion and a source for comparisons with 
other representations using different re
lationships. ISM does not replace human 
insight and subjectivity; instead, it 
assists these uniquely human characteristics 
to help them become more systematic, 
rational, and efficient. Final resolution of 
systems problems, be they management or 
impact issues, will incorporate evaluative 
as well as structural thinking. Here, too, 
there decision aids such as multi-attribute 
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utility theory that may be useful for 
analysis. But all of these share the re
quirement that some structuring of the 
decision context be made prior to employment 
of the evaluation technique. The ISM process 
can play the sort of role in this structuring 
that more traditional decision models play in 
subsequent evaluation. Taken together, the 
combination of Interpretive Structural 
Modeling and decision analysis would seem to 
provide a formidable holistic methodology 
for an assault on the kinds of problems en
countered in the management of wildlands 
recreation while there still remain some real 
choices. 

Figure 2: The graphic representation of the 
ISM output in Table 2. Elements higher on 
the page are more inclusive elements of 
wilderness users expectations or moti
vations. A line indicates a first order com
ponent relation. The diagram can be read as: 
8 and 14 are components of 5; 7 and 18 are 
components of 14 and 15; and 14, in turn is a 
component of 5. This representation is for 
demonstration only, and should not be con
strued as an empirically valid finding. 
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BACKCOUNTRY HORSEMEN 

Loy Robinson 
Vice-President 

Flathead Backcountry Horsemen 
Kalispell, Montana 

Bob Caldwel1 
President 

Backcountry Horsemen of Washington 

Ken Wilcox 
Executive Director 

Backcountry Horsemen of Washington 

Robinson: The Flathead Backcountry Horsemen 
is a relatively small organization from the 
northwest corner of Montana. We started 
operation in 1973 and since that time, we 
have seen a proliferation of horse use in our 
area and in other areas. The prime reason 
for establishing the organization was 
genuine concern about horse use in the back-
country; our traditional use is being 
challenged. Today we have five sister clubs 
throughout western Montana and Idaho, and in 
the spring of 1979 we are holding our first 
convention to try to get some coordination 
between these groups. 

Our primary use area is the Bob Marshall 
Wilderness Area, which, with the recent 
addition of the Scapegoat Wilderness Area and 
the Great Bear Wilderness Area, gives us a 
wilderness extending from the southern 
boundary of Glacier National Park, along the 
Continental Divide, about, probably 120 
miles and this area of steep rugged mountain 
ranges dividing rather broad open valleys has 
traditionally been horse-use country. Many 
outfitters and guides operate here in the 
summer and fall months during hunting, and 
there has always been extremely heavy horse 
use. 

I would like to read just a little bit 
from our publication "Backcountry Horsemen's 
Guidebook" which explains our purposes. 

"We believe that continued horse use in 
harmony with the capacity of our public lands 
is in the best interest of the majority of 
Americans. The following from our con
stitution is the purpose of our organization: 

'The purpose of this organization shall 
be (1) to perpetuate the common sense use and 

enjoyment of horses in Montana's roadless 
backcountry, (2) to assist the various 
government agencies in their maintenance and 
management of said resources, and 3) to 
educate, encourage and solicit active par
ticipation by various members of the general 
public in the wise and sustaining use of 
horses and by people commensurate with our 
heritage and our back-country's resources.1 

"The Backcountry Horsemen hope to 
achieve their goals of continued responsible 
horse use, not as a pressure group, but as a 
service group to our backcountry resource. 
We've offered our time and equipment to 
various government agencies for such tasks as 
rolling up and packing out outmoded telephone 
wire, clearing trails, building end-of-road 
facilities, and other projects which will 
benefit both horsemen and non-horsemen. To 
further our goal of reducing or eliminating 
impact we have assembled a guidebook from 
suggestions and information from a vast 
storehouse of knowledge: commercial packers 
and outfitters, backpackers, horsemen, pro
fessional foresters and resource managers." 

Our part in alleviating impact is 
mentioned here. We do cooperate with the 
Forest Service in constructing facilities 
not only at the trailhead but also in the 
backcountry. Some of you saw slides today of 
trees to which horses had been tied over 
lengthy periods. When horses are tied for 
quite some time, they often start to paw with 
their front feet, and after this has occurred 
for a few years, the trees die. In order to 
eliminate this, we construct hitch racks in 
heavily used areas. In a trail area where 
the ground is somewhat swampy and subject to 
erosion, we also construct a corduroy, that 
is, we use native materials to rebuild the 
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trail in such a manner as to help eliminate 
erosion. In the Bob Marshall Wilderness area 
I have seen some trail erosion, though not 
quite as severe as that we saw in the slides, 
caused by the off-road vehicles. But given 
enough rainfall and the right kind of soil 
conditions, I'm sure that would happen from 
horse use also. Through better planning, and 
reconstruction, perhaps, the erosion caused 
by horse use can probably be eliminated. 

The use of off-road vehicles discussed 
by another speaker is interesting to us. As 
has been stated, different uses can quite 
often be compatible; for example, horsemen 
and drivers of off-road vehicles don't really 
antagonize each other. In Montana, the 
managing agencies have closed access trails 
such as those in the Bob Marshall and Mission 
Mountain Wilderness areas, to motorized off-
road vehicles. Those closures were probably 
based to a great extent on safety than on 
impact. I shudder to think of what would 
happen if I were riding a green horse and 
happened to meet an off-road vehicle on a 
narrow trail. 

The same is true of encounters with 
backpackers. Our areas are all open to back
packers, and we, as horsemen, don't object at 
all. Again, we sometimes have a slight 
problem with a green horse or a string of 
green mules encountering a backpacker in cut
off pants and a large orange pack with the 
sleeping bag rolled up on top. Horses just 
don't seem to be able to recognize those kind 
of things as human beings. More than once 
I've found myself heading down the trail 
rather rapidly because a backpacker suddenly 
appeared around a corner. We feel that the 
goals of backpackers and horsemen are pretty 
much the same, that is, the realistic enjoy
ment of the wilderness areas. And we do 
really try to cooperate. 

Caldwel1: This is the commmercial. The Back-
country Horsemen of Washington, as Ken 
stated, was formed in April, 1977 as a 
separate organization from the Washington 
State Horsemen so as to better serve the 
trail-riding horsemen. We now have 375 
members, after only a year's existence. And 
we are very much in accord with many of the 
basic tenets and ethics we have a brochure on 
basic ethics for horsemen to follow in the 
backcountry which we hand out to people who 
are going in at the trailhead. Our basic 
purposes are to work toward better education 
of horsemen, to make them more aware of the 
impacts of horse use in the backcountry, 
particularly the fragile areas, and to use 

all areas in such a manner as to minimize 
these impact; to work with public agencies, 
local, state and federal, in cooperative work 
programs to maintain existing, and to build 
new trails, trailheads and other facilities, 
for our and general public use; and finally, 
to become involved with public agencies in 
their meetings, hearings and planning, to 
show that horsemen are responsible citizens, 
concerned with the protection of our environ
ment and the economy of our country and 
communities. We are trying also to encourage 
the development and construction of lowland 
trail systems in order to diversify horse 
use, to give the backyard horseman a place to 
ride which we believe will also relieve the 
backcountry of a lot of traffic. 

Wilcox: Several years back, we recognized 
that horsemen are held in pretty low esteem 
by a good percentage, of backcountry users 
and managers—and for very good reason. You 
didn't have to look very far in the back 
country, to see evidence that too often horse 
use is very destructive of our wilderness en
vironment. We saw that managers were 
responding to this environmental problem 
with an ever-increasing list of regulations 
and restrictions of horse use. We could see 
that eventually this might lead to total 
closure. There had to be another solution. 
I think we have found it and it is education 
of the horseman, by the horseman. 

Last year we organized the Horseman 
Patrol, consisting of about 80 members who 
while on recreational trips in the back-
country, met and preached minimum impact to 
the other horsemen they met. This Horseman 
Patrol is authorized by the Forest Service, 
under a cooperative work agreement and I 
believe it has done a pretty fair job for the 
short time it's been in effect, as quite a 
few of the wilderness managers will tell you. 
We hope we can expand this and eventually, 
the average user, the non-horseman, will 
realize the fact that horses properly used 
have no more adverse impact on the back-
country than people. 

DISCUSSION 

Bradley: I feel that wilderness areas can 
serve both backpackers and horsemen. One 
difficulty we're running into is the constant 
barrage of letters and comments from hikers 
that are anti-horse. We run into this every 
day, in the Eagle Cap Wilderness. Have you 
had any success in reaching out to back
packers, environmental groups and others 
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with negative feelings about horses, in 
trying to convince them that horsemen really 
are trying to protect the land out there? 

WiIcox: I believe that this is going to 
require kind of a show-and-tell operation. 
First it is going to be an educational 
program to show them that this can be done. 
When we can point to the fact that damage 
from horse use is diminishing, then I believe 
we can say, "Hey, we're good guys too." Like 
the ORV and every user group, our whole user-
group is suffering because of a number of bad 
apples, who completely disregard the pro
tection of the back country. 

Bradley: Just having meeting like this I 
think is a big help. 

Wi lcox: Well, we have, in the last two 
years, probably conducted 40 meetings around 
the state in different areas, involving 
Forest Service managers, Park Service 
managers, state people, and the local horse
men; through these meetings, through 
preaching minimum impact, I believe we are 
helping. Last year, on the early buck hunt, 
we were being monitored closely because of 
previous damage on other hunts, and we didn't 
get a bad report. We had our backcountry 
Horseman Patrol out there, we'd done a little 
newspaper work, and we preached at meetings 
around the coutnry, 

When was the last time you closed the 
trail to a biker because there was conflict 
with a horseman as you close them to the 
horseman because the bikers complain? When 
green horses are taken into the backcountry 
at some peril to the horseman it is easy to 
blame other users when they react badly. 
Most of the horsemen I've run into in this 
state take that burden themselves. They talk 
about their horse misbehaving but say it was 
looking for a reason to misbehave anyway and 
the bike just gave it to him. 

Comment: What's your experience been with 
off-road vehicles in these areas? 

Wilcox: In Washington State we have had to 
learn to coexist with all users, including 
the bikers. And it has been quite a few 
years since I've had any problem with bikers. 
We hear them coming. By the rules of the 
trail they pull off for horses, but in most 
cases the horsemen hear the bikers coming 
along before the bikers know the horses are 
even in the country, and if there's an 
opportunity to pull off the trail, we do it. 
Sometimes there's a pack string behind us, 

and it gets a little hairy, but in that case, 
the biker spots us, he pulls up, he stops, he 
shuts his bike off, and wheels it off the 
trail and will pull aside generally, and 
stands there until we stream on by. We have 
no problem with them. 

It's not quite the same with jeepers 
because we're not running the same trails, 
but we have found them in a number of places 
such as the Wenatchee Mountains. When 
jeepers come wheeling around a bend and spot 
horses, they pull right over and shut the 
motor off. But we don't have any problem 
with jeepers either. 

Comment: Are you trying to reach out to 
people who are only occasional horse users 
such as people who use horses once or twice a 
year to get farther in for the high hunt and 
have no concept of wilderness? 

Wi lcox: Yes, we are. This is one of the 
purposes for the Horseman Patrol. We meet 
these people on the trail up in the back-
country. With the wet weather in 1978 most 
of the horsemen stayed home but we had pretty 
good contacts up there in 1977 and I talked 
with Bernie Smith, the recreation manager in 
the Oarrington Ranger District; he gave us 
good reports last year. 

In addition, several outfitters who are 
members of our organization have pockets of 
brochures and materials that they are handing 
out to many of the people packing in. Some 
of them are very adamant, but we are, I 
think, getting through to them. We've made a 
few of them change their approach. 
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WATER QUALITY 

Discussion during the Idea Exchange 
pointed out some of the issues in the area of 
water quality. Since this subject is so very 
important the editors have taken the liberty 
of including information from additional 
studies in the Pacific Northwest in order to 
indicate in general terms the status of 
current knowledge and need for further re
search. 

In 1975 Rocky Mountain National Park 
started monitoring water quality in heavily 
used back-country areas to establish a base 
line. They found increases in the total 
coliform as a stream descended down Long's 
Peak in the park. 

Because of this finding and recent 
giardia outbreaks, the public was informed of 
the possible hazard both on the trailhead 
bulletin boards and in back-country hand
outs. Management recommended that all water 
used for human consumption be either boiled 
or treated with chlorine or iodine. The 
Long's Peak stream contamination may be 
caused by animals as well as humans. 

The Long's Peak example is illustrative 
of a general need for efforts to prevent 
water contamination. We really need some 
kind of technique to monitor back country 
lakes and streams and get the resulting in
formation to the user. 

There are a number of additional studies 
concerned with water quality which have im
plications for back-country recreation. As 
early as 1955, Dr. Fred T. Darvill, 
Anacortes, physician and guidebook author, 
conducted a study of high mountain water in 
the North Cascades and found that water 
sources commonly used by mountaineers are 
contaminated with bacteria originating in 
the stools of native animals, stock animals 
and human beings. 

During the summer of 1978 Ted McDowell, 
Graduate Student, Geography, Oregon State 
University conducted a study of Ice and 
Aneroid Lakes, Eagle Cap Wilderness, Oregon. 
All samples were collected during dry 
weather. No fecal coliforms were present in 
water samples at Ice Lake. While horses had 
been excluded for seven years prior to the 
sampling, a limited number were in the water
shed during the latter part of the summer 

season. Fecal coliform counts were found 
only on one occasion in one of the streams 
entering Aneroid Lake. 

Deborah Berman and Susie Judd, graduate 
students, Public Health, University of 
Michigan, conducted a study in the Horseshoe 
Lake area, Eagle Cap Wilderness, and found 
weather conditions to be a major factor in 
moving pollutants into streams. There were 
no significant counts at the beginning of the 
1978 season but fecal coliforms were found 
during a rainstorm in the middle of summer, 
indicating the potential for pathogens in the 
water. 

The Darrington District in Mt. Baker-
Snoqualmie National Forest started 
monitoring the Kennedy Hot Springs area in 
Glacier Peak Wilderness in the summer of 
1978. Results were negative at the beginning 
of the season but at the end of the summer, 
especially during the rainy period, when it 
might have been expected to be a little 
cleaner, it was extremely polluted. 

Drs. Robert Lapen and Robert Pacha, 
microbiologists, Department of Biological 
Sciences, Central Washington University, in 
cooperation with the Pacific Northwest 
Forest and Range Experiment Station have 
studied the effects of cattle on the micro
biological quality of water in Wenatchee 
National Forest. The presence of cattle 
apparently increases the number of fecal 
bacteria in surface waters. Rain accelerates 
the movement of fecal bacteria from soil to 
surface water. These bacteria can survive 4 
to 5 weeks in streams and for more than one 
year in bovine stool. 

Gordon A. McFeters et al, Department of 
Microbiology, Montana State University 
studied selected waters from the high alpine 
zone within Grand Teton National Park and 
analyzed bacteria indicators during the sum-
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mers of 1972 - 1974 to determine the 
influence of various factors on the quality 
of these waters. The study indicated that 
the presence of humans in the high alpine 
zone had minimal effect on the aquatic 
microflora. The nature of the flora and 
fauna of the biological communities through 
which the streams flow affects the numbers of 
bacterial indicators. Several bacteria 
known to cause disease in man have been iso
lated from wild animals. However even by 
monitoring the safety of drinking untreated 
water cannot be assured since the action of a 
single careless individual could create a 
health hazard. 

The authors also pointed out the 
difficulties in establishing meaningful 
water quality criteria for pristine waters. 
At present it is relatively easy to show when 
water is unsafe but extremely difficult to 
indicate by use of bacteria indicators 
exactly when water is safe for human consump
tion. 

Donald L. Johnstone and A. Mark 
Kubinski, State of Washington Water Research 
Center, Pullman, examined pathogens in 
oligotrophic waters and the factors in the 
natural self-purification process in the 
Worth Cascades in 1973. Their study showed 
bacteria indicators tend to survive longer in 
cold water. It also emphasized the delicate 
nature of high-quality waters and the need 
for strict sanitary guidelines to ensure 
their future safety and quality. 

Another water microbiology study in 
Grand Teton National Park by McFeters (1976) 
indicated that horse camps and corrals should 
be planned for areas where drainage is not 
likely to go directly into a watercourse. In 
addition, soil porosity and ground water 
levels should be critically evaluated to 
prevent or minimize contamination of 
streams. 

Researchers noted the difficulty of 
collecting and analyzing water samples. 
Standard methods for the examination of water 
and wastewater required that no more than six 
hours pass from the time samples are taken 
until analyses are initiated at the lab and 
that the samples be kept iced while being 
packed out. A holding medium which allows a 
longer delay in placing the sample in an 
incubation medium would be valuable in 
sampling high mountain waters. 

A delayed incubation technique has been 
tentatively accepted according to the 

American Public Health Association's 14th 
Edition of the Standard Methods for the 
Examination of Water and Waste Water (1975). 
This technique requires filtering the water 
sample for analysis of fecal coliforms as 
soon as possible and placing it on a holding 
medium. Not more than 72 hours should elapse 
before the sample is placed on the incubation 
medium and incubated at the standard temper
atures. 

Despite tentative acceptance by the 
American Public Health Association, work in 
1976 at Central Washington University by 
Varness indicates that delayed incubation 
may not be an acceptable analytical tool. He 
compared fecal streptococcus and total and 
fecal coliform counts after holding periods 
of 24, 58, and 72 hours at 4° C with counts 
from immediate incubation. Delayed in
cubation did not significantly reduce fecal 
streptococcus counts, but fecal coliform 
counts were significantly and unacceptably 
reduced for all holding periods relative to 
immediate incubation. With the exception of 
one holding medium for 24 hours, total 
coliforms were also significantly reduced by 
delayed incubation. The 72-hour holding 
period reduced counts by nearly 5071. 

Other suggestions affecting managers 
and users emerged from the discussion. 
Briefing managers on the newest technique and 
methodology of water samples and estab
lishing a reporting procedure would make it 
possible for their research efforts to be 
added to total data available. Users from 
organization groups, provided they were 
properly briefed might be able and willing to 
bring samples back regularly from selected 
sites such as those on scheduled climbing 
routes. 

Giardiasis is another object of 
increasing interest among outdoor recre
ational ists. Giardia is the most common 
fecal parasite in the United States. In 
November 1978 a Giardia Conference was held 
by EPA Lab in Cincinnati. The parasite can 
be transmitted by water or by fecal/oral 
mechanisms with potential risk factors 
perhaps more likely during the summer months. 
Nevertheless, a clear seasonality to giardia 
infection in Washington State has not been 
demonstrated. 

Giardia infection can lead to 
asymptomatic carriage of cysts or acute or 
chronic illness. Experimental studies have 
shown that the number of organisms ingested 
bears no clear relation to severity of 
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symptoms, suggesting that host factors are 
important. The exact pathogenic mechanism of 
giardi a infection is unknown. Laboratory 
diagnosis of giardiasis is best accomplished 
by microscopic examination of passed stool by 
an experienced parasitology technician. The 
number of parasitology specimens submitted 
to the Washington State Public Health Labor
atories has roughly tripled over the last 
five years. 

The Health Service Division, Washington 
State Department of Social and Health 
Services, with funding from the 
Environmental Protection Agency has been 
studying giardia infection in Washington for 
the last 18 months. By April 1979, the study 
has found: 

Some 500 cases of giardiasis have been 
reported in a recent 8 month period. The 
incidence is undoubtly higher since not all 
those who contract giardia see a physician 
and not all physicians report cases. 

Roughly 25% of investigated giardiasis 
cases among persons over age 10 have no 
obvious source of infection identified; 
about half of the cases were related to 
drinking untreated water. 

There is some evidence that beavers and 
muskrats may be carriers, transmitting the 
parasite to humans, but other mammals may 
also be carriers. In the Rocky Mountains, 
elk are suspect. Since 1975, animal samples 
provided by commercial trappers from 30 
counties have been tested and positive 
samples found in 20 counties in both the 
Cascades and Olympics. Recent animal 
trapping in many areas of the state has 
turned up about 15% giardia positivity in 
beaver and 32% in muskrat. Where animals get 
the infection is unknown. 

Last fall 17 of 23 members of a brush 
disposal crew working in the Olympic National 
Forest contracted giardiasis. Their water 
was obtained from a tanker truck filled at 
the most convenient spot in the field, a 
beaver pond. 

Fecal coliform which is used as an in
dicator organism for measuring the potential 
of bacterial pathogens in the water does not 
measure the presence or absence of gi ardi a. 
However, the chances of giardia are greater 
when there is a high f e c ^ col iform count. 
It is possible, though extremely difficult, 
to detect giardia cysts by microscopic 
examination of specially filtered water 

samples. 

The best means of preventing giardia 
infection is avoidance of potentially 
contaminated water. Backcountry travelers, 
especially in areas frequented by aquatic 
mammals, should not drink directly from 
stream. The most effective disinfection 
procedures is to bring water to a rolling 
boil before consumption. Another approach is 
the addition of iodine crystals. 

Backpackers who enjoy drinking from a 
cold clear mountain stream wish there were a 
method for getting an instant indication as 
to whether the water is safe to drink but 
there does not appear to be such an indicator 
coming on the market or being developed in 
the next few years. The recognized method of 
obtaining an indication of pathogens in the 
water involves culturing the organisms for an 
incubation period. 

The USDA Forest Service, Recreation Re
search, Seattle is preparing a state-of-the 
art on water quality and human use. Anyone 
having information about reports and studies 
on this subject should get in touch with 
them. Only by pooling the information we now 
know we can begin to come to grips with the 
problem. The problem of water quality and 
backcountry recreation requires not only 
more attention but greater cooperation be
tween researchers, managers and users. 

REFERENCES CITED 

Varness, Kevin J. 1975. The effects of dis
persed recreational activities on the 
microbiological quality of forest surface 
waters. M.S. thesis, Central Washington 
University. 54 p. 

331 



EDUCATIONAL PROGRAMS TO REDUCE IMPACT UPON WILDLANDS 

David Timothy Kneeland 
Director 

Institute for Survival Education 
Seattle, Washington 

ABSTRACT—Summary of a study conducted to determine what 
information is being sent to users by the national parks and 
monuments and national forests with responsibility for 
wilderness. Educational approaches tried on various wildland 
areas and the attitudes of managers toward the role that 
education will play in reducing impact are summarized. Ways 
in which individual users and land managers can educate the 
wildland user in the intent and techniques of minimum-impact 
travel and camping are suggested. 

INTRODUCTION 

In 1971, after completing four years in 
the Air Force as a survival instructor, I 
founded the Institute for Survival Education 
in Seattle, Washington. My intent was to 
offer survival education to the general 
public. During the past five years, however, 
my human-survival emphasis has shifted to 
give equal time to the techniques and need 
for survival of wildland environments. 

Any wildland environment that is open to 
recreational use needs protection from un
desirable change on the land by the ignorant 
or thoughtless. This is accomplished either 
through regulation or education of the user. 
This paper will look at various alternatives 
to strict regulation of the wildland user and 
encourage managers to place more emphasis on 
viable educational programs to reduce 
impact. Also, recommendations will be 
offered that should allow the experienced 
wildland traveler to more readily share his 
or her knowledge with individuals and groups. 

UNIVERSITY OF MINNESOTA STUDY 

In 1977 I did a study of written 
materials land managers of wilderness areas 
and national park backcountry were sending to 
users. Of most interest were those materials 
suggesting techniques for minimizing en
vironmental impact. My results indicated 
that very little was written dealing with the 
concept of minimum-impact travel and 
camping. In fact, some managers were sending 

information (USDA 1972, 1976) that contained 
pictures of antiquated and destructive 
camping techniques. Included were pictures 
of using natural poles for shelter material, 
cooking over a fire (not necessarily bad, but 
not always desirable in wilderness and back-
country), and how to safely clear a fire-
circle on previously unused ground, with no 
regard for returning the area to its natural 
state. 

Though little material is widely dis
tributed, staff at many national parks and 
forests are really creative in their handout 
material and general approaches to educating 
the user regarding impact. These vary from 
talks by rangers and handouts devoted to 
minimum impact and backcountry manners, to a 
pervasive emphasis throughout the Back-
country Management Plan (Olympic National 
Park: 1976) to insure that impact is con
sidered in all phases of mangement. 

Summary of Results 

All national parks and monuments with 
o\/er 20,000 acres and all national forests 
with management responsibilities for wil
derness areas were surveyed with a letter. 
The letter asked respondents to: 

Send copies of any materials normally 
mailed to persons requesting information 
in anticipation of a trip on their lands 
as well as any specific material on 
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minimum impact; 

Tell whether or not their forest or park 
had attempted to demonstrate minimum-
impact skills to visitors; 

Comment on the potential role of education 
in solving the problems of wildland abuse; 

Make any additional comments, recom
mendations, resources or additional in
formation that will help determine the 
"state of the art" of minimum-impact 
education. 

A total of 84 national forests, 49 
national parks and monuments, and 34 mis
cellaneous organizations within the U.S. 
Forest Service (informational only) were 
mailed the survey letter. 

A total of 106 responses were received, 
a 78.1% overall response rate: the forest 
service return rate was 70.7%; the National 
Park Service return, 91.3%. This was really 
encouraging, considering that no follow-up 
letter was used. Managers are obviously 
concerned with all methods capable of 
reducing user impact on their lands. 

Responses to the Questions 

Of the responses received, 88.7% 
included some form of written response to the 
survey questions. This is a true indication 
of the importance of the subject to manage
ment. 

A total of 864 maps, pamphlets, hand
outs, rule-and-regulation sheets, back-
country plans and miscellaneous materials 
were received. The national parks and 
monuments contributed 205 pieces while the 
national forests sent 659. It would appear 
there is plenty of material available even 
though there is substantial duplication; 
also, changes in emphasis are needed. 

To the question, "Has your forest or 
park made any attempts to demonstrate these 
skills (minimum impact) to visitors? If so, 
how?" responses were as follows: 

35 indicated no attempts have been made; 

31 provide handouts or brochures but 6 
stated they were sent only on request; 

28 encourage contacts by rangers where 
possible, with the greatest number 
occurring in the field; 

17 give slides, films, and lectures upon 
request or as part of an existing pro
gram; 

14 emphasize minimum impact in these 
programs 

9 contact various media such as TV, 
radio, and newspapers; 

8 conducted naturalist programs; 

6 hold demonstrations in the field for 
educational purposes; and 

2 have developed a display. 

In the majority of management units 
relatively little is being done to educate 
the user, so there is a lot of room for the 
ingenious ranger to be creative in his or her 
approach. 

To the question, "If practical, comment 
on the potential role of education in solving 
the problems of wildland abuse." 

13 said education is the answer; 

26 said education plays a major part; 

15 said education plays a part; 

3 said education will have little value, 
if any; 

23 did not directly mention education at 
all. 

This indicates that education takes a 
high priority in many managers' minds. 
Twenty-six respondents said they thought the 
project was worthwhile and 16 stated they 
want a copy of whatever is developed. 

Comment on the Results and Current 
State-of-the-Art 

Even though the survey was conducted two 
years ago, much still needs to be accom
plished. Many agencies and areas are 
receiving serious fiscal cutbacks, reduced 
personpower, and increased visitation on a 
yearly basis. Since many managers are in a 
"survival mode" of doing what is essential 
and not "all that could be done if only . . 
.," creative approaches to minimizing user 
impact are more important than ever. 

What Can Be Done 
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Whatever approach individuals and 
managers take toward minimizing impact, 
combining forces is a must. Seek out the 
resources and approaches available to you in 
an area. 'Invite user groups and mangement 
groups to address the problems together. 
Shared ownership of the solution to a 
problem, even if it requires strict reg
ulation, will be much more easily accepted 
and followed. 

The ideas I'm sharing in this paper have 
evolved from many sources and people. Many 
of you have undoubtedly found some of these 
unrealistic for your areas or thought of 
creative methods. Whatever the case, more 
can and must be done. 

People often comment that regulation is 
the only solution because some people won't 
change. In many situations, education won't 
change people who feel they have a right to 
act differently in an area or aren't con
cerned with depreciative behavior. In these 
cases, non-education approaches such as reg
ulations and enforcement are necessary and 
the only reasonable option. 

However, much damage is done by the 
poorly informed or uneducated user. 
Scientists and educators have often cited the 
need for a more informed wildland user 
(Hendee, et al., 1968; Lucas, 1974; Lime, 
1975). Much of the damage sustained by the 
environment can be lessened through edu
cation of the user (Petzoldt, 1974). 

What Individuals Might Do 

You might feel that individually there 
is little you can do to impact or educate 
people in the skill of minimum impact. Con
sidering your background and experience, 
there are many organizations that will gladly 
put your expertise to use. 

Inventory your skills and knowledge. 
How many years have you been traveling the 
backcountry? Do you have a lot of equipment? 
Can you camp comfortably? Can you identify 
and treat the common cold, heat injuries and 
first aid problems people may face when in 
the wilds? When you understand what you know 
and need to learn, gain these skills and 
offer to teach others. Fear (1975), Mitchell 
(1975), Manning (1975), and Petzoldt (1974) 
have all written excellent books on various 
aspects of wildland travel. Many fine works 
exist other than these cited here. Check 
your library. 

Offer your services as a guest 
lecturer/teacher for scouting groups, church 
groups, schools and others. Many or
ganizations are looking for people with basic 
equipment and knowledge to put on demon
strations for their respective audiences. 

Gather other "experts" and run a course 
for the general public on wildland travel. 
Such topics as hypothermia, clothing, equip
ment, packing, sleeping warm, cooking, first 
aid, hiking, map and compass, emergency sur
vival techniques (not wild foods or traps and 
snares--few people die of starvation), and 
wilderness philosophy are some possible 
topics. Minimum impact should not just be a 
topic in a program, it should be the under
lying theme of everything that is said. 
Teach positively. Don't threaten "death" if 
one doesn't do what is required. 

Offer to help your local land managers 
(Department of Natural Resources, national 
forests, national parks, Bureau of Land 
Management) in any way practical to help 
educate the user. Running seminars, setting 
up displays, talking with users, and clean-up 
in the backcountry may be options. Sell 
yourself and your ideas and demonstrate how 
you can be of real service and not just 
another management problem. 

What Managers Might Consider 

At first glance some of these might seem 
impractical or impossible. Whatever you do, 
give it a fair consideration. Any good 
program has to have a good deal of pre
paration and planning. 

Feed teachers, educators, and the media 
with really creative educational materials. 
They are often looking for interesting 
methods of teaching and informing their re
spective audiences. Four agencies that have 
a history of doing exceptional jobs in this 
area include: 1) Pacific NW Region, 
National Park Service, Seattle: 2) USDA 
Forest Service, Region 6, Portland; 3) USDA 
Forest Service, Wallowa-Whitman National 
Forest, Baker, Oregon; and 4) Minnesota 
Department of Natural Resources, St. Paul. 

Send your staff into the community to 
guest lecture. Schools and groups find the 
idea of a "Ranger" putting on a program 
really appealing. Many Forest Service and 
Park Service people are eager to share their 
knowledge if encouraged to do so. You may 
even be able to recruit people from colleges 
and universities to "represent" you as a 
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voluntary, educational "arm" of your forest 
or park. 

Set up both static and dynamic displays 
to educate. Static displays are often used 
to depict natural history and relevant infor
mation about an area. Consider adding dis
plays depicting a properly dressed and 
equipped day hiker; or what to do if one gets 
lost; or why a wood fire is often unnecessary 
and the advantages of using stoves. 

Dynamic displays are those in which you 
actually become involved. Try setting up a 
trailhead display showing a properly pitched 
tent, a ground pad and sleeping bag, a 
vestibule in front of the tent for a dry area 
in which to cook and socialize, cooking over 
a stove, a demonstration of equipment colors 
that blend versus ones that stand out in the 
natural setting, use of a signal mirror in 
case of an emergency, and others. You can 
either commit your staff (often too busy) or 
solicit volunteers to answer questions, run 
talks, give demonstrations, and watch the 
equipment. What better place to educate 
users than when they are getting ready to 
depart into the backcountry? 

Some people may argue that it consumes 
too much time away from users' trips and they 
won't take the time. If the displays are set 
up well, strategically located, and 
interesting, people will stop and learn. 

Update antiquated and misleading 
materials to reflect minimum-impact travel 
and camping and modern approaches to non-con
sumptive recreational activities where 
appropriate. 

Minimum impact leaders' course. This 
may prove to be your biggest ally by insuring 
educated outdoor leaders and supplying a 
source of volunteer educators for your other 
programs. 

Every geographic area has group leaders 
who run programs on your wildland environ
ments. These leaders (scouts, churches, 
clubs, conservation groups, colleges, 
commercial ventures, and others) all have the 
capability to influence the conduct of many 
(often young) people while in the wilderness. 

Once you have them identified, invite 
them to attend a week long "Wilderness 
Leadership Seminar" sponsored by your agency 
on the lands they often use. Give them two 
or three days of academic instruction and 

then break them into small field groups under 
the leadership of one of your staff familiar 
with minimum impact and human survival tech
niques. These leaders will become strong 
advocates of the knowledge gained if it is 
presented well. They will be eager to incor
porate as much of the material into their 
programs as possible. 

This endeavor will require a great deal 
of planning and cooperation among many 
people. If the participants feel they were 
selected because of their leadership ability 
and background, how can they refuse you an 
invitation? 

Use non-career people in backcountry. 
Legal restrictions aside, there are many very 
qualified people who would love to spend time 
as a volunteer ranger policing up areas, 
checking camps, meeting campers and edu
cating users. Check with rescue agencies, 
sheriff's offices, backpacking stores, clubs 
and organizations for qualified volunteers. 
After they have been selected, require their 
attendance at training sessions to learn pro
tocol, procedures, techniques, philosophies 
and methods of land management, human sur
vival and the minimum impact techniques you 
want stressed. 

Insure your field people are adequately 
trained. An untrained and unskilled ranger 
is of questionable value to those in need of 
help or education. 

Recognize the importance of the example 
set by your staff. If they are clad in inade
quate clothing such as cotton jeans instead 
of wool pants in snow country, they are 
setting a bad example. After all, "if jeans 
are good enough for the ranger, they are good 
enough for me." Traveling alone as a ranger 
while encouraging users to go with someone 
else appears to be inconsistent behavior. 

Increase the educated users' freedom. 
This may be the toughest area to define and 
administer, but it may prove to be a very 
equitable mangement tool. If one can prove 
his or her human survival and minimum-impact 
ability via test, conversation, proven 
ability, experience and background, or what
ever criteria set, let them go into areas 
that may otherwise be closed because its 
"carrying capacity" has been reached. This 
doesn't discriminate against non-educated 
users since they can use the area until its 
carrying capacity has been reached. 

The rationale for letting the educated 
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users in is that they have the ability, know
ledge and equipment necessary to travel unob
trusively along the trail or cross-country, 
select a camp away from the heavily used 
areas, and leave no trace of its existence 
when they move on the next morning. These 
experienced people won't bother those 
already in the area nor will they impact the 
wildland environment. 

The difficulty comes in establishing 
the criteria that will equitably prove the 
competence of the user. I argue that an ex
perienced land manager can "get a feel" for 
the competence of users in conversation and 
by observing their equipment. If they plan 
on using fires, have bright equipment, are 
underequipped or inappropriately clothed, 
and can't correctly describe the correct 
techniques of food and waste disposal and 
cleaning their utensils and bodies, don't let 
them go. You might also ask them why they 
should be allowed to go—their answer may 
prove enlightening. 

Wildland managers have attempted this 
competency judgment and find it difficult to 
insure equity (mostly because of wide ex
perience differences in the rangers making 
the decisions). When users and managers 
describe the criteria together, it helps re
solve disparities. 

A few brainstorming sessions with your 
staff and local resources will probably yield 
some viable options. Try them and modify 
them until they work. Then share this 
approach with other rangers on other lands. 

What Will Be Done 

If you feel none of this will work in 
your area, it won't. On the other hand, if 
you want to do more and are willing to spend 
the energy (whether you are a user or 
manager) some of these ideas may prove to be 
options available to help you reach your 
goal, thus minimizing impact upon wildlands 
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CREATING THE FUTURE OF IMPACT MANAGEMENT 

James A. Wise 
Associate Professor 

Department of Architecture 
University of Washington 

Seattle, Washington 

In the last session of this conference, 
300 people shared for three hours what they 
felt they had learned to guide their own 
role, and the roles of others who comprise 
the uneasy triumvirate of manager, re
searcher, and user of wildlands. It was both 
a difficult and rewarding session: difficult 
because of our inevitable differences and the 
elusive nature of our central problem; re
warding in that experiences and imaginations 
created a flow of ideas and insights dis
tinguishing where we were from where we were 
going. 

How to conceive, represent, and manage 
recreational impact is a 'systems problem', 
and yet, we are individuals who by necessity 
must experience and conceive the problem in 
highly individualistic ways. 

"We need a framework to stuff it all 
into" . . . "a framework that allows you to 
look at alternative value systems in terms of 
user-defined perceptions of impact " 
But then, is it really the perceived impact 
that is critical? 

"Acceptable impact level should be 
based on some sort of ecological changes ... 
In an area that's very fragile, the 
ecological carrying capacity might set a 
limit long before the social capacity has 
been reached." 

"Acceptable impacts. This keeps coming 
up. What is an acceptable impact?" 

"And how do we define what is acceptable 
and unacceptable? I think that's the biggest 
question here, and we really haven't talked 
about it much." 

"(What) I found a little bit dis
appointing was the continued reluctance of 
all three of the groups to confront the idea 
of acceptable impact, and who decides." 

"Should it be a majority rule among the 
users?" 

"Should it be an educated guess on the 
part of the managers?" (And how much input 
should the researchers have into that?) 

"Acceptable impact level should be 
based on some sort of ecological changes, 
whether or not these are apparent to most 
people." 

"But other people say that they ought to 
be based on more evident visual kinds of 
evidence that at least maybe more perceptive 
visitors can see." 

"(It) kind of seems to me that maybe the 
answer is that it's a little bit like the 
model that's been used before of social and 
ecological carrying capacity that might set a 
limit to permissible use." 

"This concept of acceptable impact is 
real ly a very complex idea." So it would 
seem. And as this session illustrated, the 
conferees had not been able to come to a 
satisfactory definition of what 'carrying 
capacity' might mean in terms of recreational 
usage, even though the concept appeared to be 
an attractive one. 

Technically, 'carrying capacity' refers 
to the ability of a resource to absorb a 
particular kind of use while constant mea
sures are maintained on a set of variables 
that monitor the 'quality' of the resource. 

An effective delineation of 'carrying 
capacity' in any useful sense means that the 
resource quality variables must be defined 
and measured. The particular types of use 
variables must be characterized, and then use 
quantity change must be related to resource 
quality change through an appropriate system 
of transformations. This kind of 'modeling' 
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treatment would bring the conferees line of 
thought to an operational condition. \Iery 
likely the development of such 'carrying 
capacity' models will become a central re
search area in the near future. 

Of course, such models, as they en
compass the language of the systems theorist 
or the mathematics of the researcher could 
well be difficult to translate into the un
avoidable realities of the impact manager or 
the primary sense experiences of the wild-
lands user. No researcher's model, however 
elegant, is fully realizable unless it can be 
successfully communicated to managers and 
users. And communication was another primary 
source of concern to the conferees: 

"This whole conference points out that 
these groups don't have to work independently 
or in isolation from each other." 

"I saw that there was a lot of research 
that had been going on, for example, in 
trampling impacts, that in my experience was 
simply being underused". . . It's partly a 
communication problem, partly a problem that 
it's nobody's job to do that. . . There's no 
one trying to pull what is usable out of the 
research, and say where it's usable, under 
what circumstances." 

"Well, I'm a planner, and we (planners) 
fall in between the research and management 
side of this, but I haven't heard a lot said 
about planning ...". 

The conferee was correct in his per
ception. Not much has been said about 
planning, and yet, it is in precisely the 
planner's role that part of the commun
ications gap--that between researcher and 
manager--might be bridged. 

But bridging gaps requires more than 
finding a communicator. It also often re
quires a change of perspective or thinking on 
one or both sides. 

"An illustration of the difference in 
the perspective of the researcher and the 
manager is that a lot of research work (re
lating to impact) was doen with extremely 
scientific methods, but when you look at the 
methods used by the managers to carry out 
researched conclusions, you find that they 
are frequently not nearly as refined" . . . 
"I think that learning how to fudge with pre
cision is a sort of key to communication be
tween the researcher and the manager. For 
example, although there are all sorts of 

indices for impact on vegetation, the real 
index, in the field, is how much bare ground 
there is. Learning how to economically 
collect sufficient information for decisions 
is the problem here." 

To the researcher, the pursuit of scien
tifically derived fact is independent of the 
decision-making process; fads are elements 
of many types of decisions. But the manager 
requires facts that are most relevant for 
each decision alternative. And these change 
drastically, not only with states of nature, 
but also with the options open to the 
managers. In this respect, it is not what is 
'true' or what is 'significant' at the .01 
level that the manager needs to know. It is, 
rather, what is significant for the immediate 
problem. 

"If the manager says, there's a problem 
up on the hill, go and do some research on 
it, he's going to probably get something 
fascinating and esoteric, but maybe not very 
useful. He has to be very specific of what 
the requirements are, and only then can the 
researcher hone in on a particular problem 
and the results will be much more applicable, 
more easily interpreted." That is, if the 
problem (or the manager) is still around when 
the research is finished. 

". . .where we get into continual frus
tration between managers and researchers is 
in the whole time dimension. The manager has 
a problem we need to solve now, and by and 
large, the researcher is working in 
tomorrow's lap. It's important that we as 
researchers make our best shot, now, today. 
It has not been to long since we as re
searchers were really punished by stepping 
out and saying "Here's what I believe now, 
and maybe a lot of it's my opinion because I 
don't have all the facts.' Research eval
uation panels can really ding you for 
stepping over the line from objectivity to 
subjective judgment. But it's important that 
we do that, as you've heard happen at this 
conference." 

And in this speaker's urging, there is 
also a glimmer of the future. The mere 
occurrence of a conference of this sort has 
provided a forum for managers and researchers 
to express something of their personal 
conflicts and values to each other. Com
munication JJS possible if the appropriate 
opportunities are provided, and it seems safe 
to predict that many more future conferences 
will be organized to promote such cross-role 
exchanges. 
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But what of the 'users' role in this 
regard? Both the manager and the researcher 
have vested professional/career interests in 
achieving a mutual understanding. Is the user 
inevitably left to play a much more sub
sidiary role? 

"User, how do you really have some input 
that means anything? How do you really in
fluence decisions? It's frustrating that all 
the methods of input—letter writing, 
testifying, and all the rest--lose their 
meaning on the bottom line. Every day, at 
least twenty new public hearings, EIS's, area 
plans, backcountry plans, master plans, and 
all these things, are asking you for your 
comments. But there's just too much of it, 
too fast. I think that as a manager, I'm 
more aware than I was before at user frus
tration with trying to have meaningful 
input." 

"But I wonder if we really don't also 
have as a problem the vast majority of users 
who don't participate in anything. One thing 
that's emerged from this conference is the 
growing awareness on the part of the managers 
that we really have a big job to do in 
reaching the bulk of our users that we 
ordinarily don't communicate with. A good 
example is our interpretive programs. We 
take such pride in them, but we only reach a 
very small percentage of park visitors for a 
great deal of effort. At best, we probably 
only reach 5% of the people who are passing 
through our area. I propose we need to focus 
much more attention on contacting the general 
publ ic." 

Of course, the form that such an in
tensive program of public contact might take 
is another item for our agenda of the future. 
It is perhaps here that the most innovative 
ideas are still awaiting expression. 

"The East seems to have had a tremendous 
amount of success with involving users and 
giving them responsibility. Maybe that's the 
answer to some of our problems here." 

But there is another side to the same 
coin. What abut users that deliberately seek 
out an active involvement in the impact 
management process? 

"I wonder if the managers are not neg
lecting a potential source of research exper
tise by not tapping volunteers? I think 
managers tend to be somewhat suspicious of 
volunteers generally, . . .but maybe managers 
should explore the idea of utilizing volun

teers, not just for grunt work, but for 
research." 

"I believe that members of user organ
izations would be receptive to coming to, say 
a series of seminars with managers or re
searchers, to learn what the specifics are 
and how they can handle it. We've done this 
basically in bringing together about fifty 
people to learn how the Forest Service 
operated. We could do the same thing with 
this impact business." 

"What indeed would be the contents of a 
good program on mimimum impact? Could there 
be some basic, small programs—evening pro
grams and seminars—to groups, any organized 
group that is looking for a speaker?" But 
from the manager's perspective: 

"We want to use volunteers, and we do 
use them, but there's a limit. Volunteers 
want to work in your area, and they need a 
place to stay, and we don't always have 
housing or facilities to put them up. One of 
the other problems with volunteers is that 
they want to come in to do the projects they 
1 ike to do. They really don't always want to 
do what we (managers) feel we really need 
done. 

Why don't you volunteers, with infor
mation that you have available to you on 
minimum impact get out there and become a 
scout master, a den mother, or whatever. 
School systems have all sorts of volunteer 
programs, too. Go to these school systems 
and help them." 

"As users, we need to pull together 
ingenious ideas about uses for volunteers and 
communicate those ideas to you in management 
agencies. I believe there is an opportunity 
if an agency can change its configuration. 
The present configuration doesn't leave 
enough people available to provide the 
necessary volunteer leadership. An unsuper
vised voluneer is a disaster waiting to 
happen. 

But give some thought to altering your 
agency configuration gradually to take 
advantage of some of the ingenious skills 
that exist in an audience like this." 

At this point, it might be useful to 
recall an old proverb that goes something 
like: "Any agency is harder to reorganize 
than a cemetery." But the preceding exchange 
does point out some of the basic problems 
that inevitably confound the most well 
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meaning intentions shared by manager and 
user. By and large, individuals may not be 
equipped to perform much more than the most 
routine aspects of specialized managerial 
tasks. And the organizations that are re
sponsible for such tasks have not been 
designed to allow casual participation by 
outsiders. 

But there are good examples, such as 
community crime-prevention programs, or 
block-watch organizations, that demonstrate 
that agencies which acquire the ability to 
reach out are often able to develop sig
nificantly beyond what pure internal efforts 
alone would achieve. These sorts of program 
innovations have yet to be established in the 
agencies responsible for naural resource 
maintenance, but it seems reasonable that the 
future of impact management will be in
fluenced by incorporating individuals who 
might come to be seen as 'paraprofessional 
volunteers'. 

But regardless of how roles may be 
established or agencies restructured, it 
should be apparent at this point that what is 
required for these interacting parts is a 
sustaining image, a conceptual net into which 
the impact problem might be cast so as to 
view it, however transiently, as an under
standable whole. Professor Valerius Geist of 
the University of Calgary proposed such an 
image when he spoke of the problem of impact 
management as a "Commons Problem". 

"A Commons Problem is one of a large 
number of users for a limited resource, each 
of which has equal access. 

"According to Garret Hardin a Commons 
Problem has no enduring technical solutions, 
but only political solutions, so that an 
inevitable crunch comes down somewhere. Now, 
the inevitable crunch on the problem of the 
commons is either: 

• An increase in the size of the commons, 
which means that some land user is going 
to have to give us his/her exclusive 
use. 

• A reduction in the uses of the commons, 
while leaving the number of users as 
they are. Ultimately this would mean 
developing a technological cocoon 
around each individual wilderness user 
in such a fashion that impact is 
minimized. 

• Reducing the number of users, so that 
the freedom of actions may be main
tained, and this means that you have 
either direct or indirect restrictions. 
Direct restrictions are lotteries or 
whatever, while indirect restrictions 
lie in an area of policy that somehow 
regulates use. A policy of not up
grading certain roads, for example, 
indirectly removes an area from those 
who would only reach it via the family 
car. 

"The activities that scientists, 
managers, and users have been most concerned 
with up to now save time at the very best, 
but they do not circumvent the ultimate 
political crunch that any use of the commons 
entails. Should we not spend a little of our 
time thinking about what forms that political 
and social solutions to this problem might 
take?" 

While Professor Geist is correct in his 
assertion that technical solutions only 
delay the inevitable here, it is nonetheless 
unavoidable that this is the type of solution 
that participants in this kind of conference 
are most able to conceive. Wildlands users, 
managers and researchers possess neither the 
politicians ability nor the social techno
crat's motivation to pursue a 'Commons' 
problem in these other contexts. The regret
ful conclusion is that the future will 
probably see more social/political 
'solutions' imposed on wilderness recreation 
from outside sources that result in 
diminishing the room for 'technical' 
solutions. For those users, managers, and 
researchers who find this distasteful, it 
would seem that the only alternatives are to 
become politically adept or to quickly adopt 
successful small-scale technical solutions 
that in turn constrain the application of 
future social/political decisions. 

In this regard, there were certain 
short-term strategies raised by participants 
that deserve mentioning here, in order to 
illustrate both desirable and avoidable con
sequences. 

A tempting short-term strategy is "to 
relax the present standards we've adopted to 
only serve the benefit of the average user" 
and not try to maintain conditions beyond 
what the average user might expect. But as 
the same speaker pointed out, extrapolating 
this to the future (with its apparently in
creased demand) would mean that the average 
conditions we adopt today would be likely 
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viewed as the best conditions later on. This 
leads to a successive slippage, as it were, 
that incrementally results in eventual 
deterioration of the resource. 

Of course, there could be productive use 
made of relaxed standards in terms of what 
has been called a 'sacrifice area'. This 
means that certain areas are allowed to 
degrade, deliberately sacrificed to the 
satisfaction of high demand so that other 
areas may be sustained in a more pristine 
state. The idea is a more prosaic version of 
what may be inferred from Or. Clark's Recre
ational Opportunity Spectrum concept. 
Depending on the recreational purposes 
people have, it is not necessary to maintain 
pristine conditions for users whose inter
action with the outdoors depend upon such 
conditions. Certain areas can be developed 
to more relaxed standards that will fulfill 
the recreational demands of a proportion of 
users, and thus will allow other areas to be 
maintained to more exact criteria. In 
essence, this is a problem of establishing a 
satisfactory trade-off between degrees of 
impact on different (resource) areas, where 
the two conflicting values are resource con
dition and user satisfaction. Fortunately, 
there are decision analysis techniques 
available to assist this process (see, for 
example, Keeney and Raiffa, 1977) although 
such quantitative methods may be regarded 
with a great deal of suspicion by concerned 
conservationists and others. 

In summary then, the final session, like 
the conference, reminded participants of 
their differences in perspective as well as 
their unity in concern for the recreational 
natural environment. The conferees came to 
no final conclusion on "what is acceptable 
impact, and what is not". But there was 
certainly extensive exploration of the 
ecological and social implications of this 
kind of judgment. By themselves, these dis
cussions contribute significantly to how the 
acceptable impact question can be resolved in 
more specific, contexts. As this session 
summary has attempted to illustrate, the 
identify of those who ask the question, the 
conceptual framework within which it is con
strued, and the available decision 
technology all combine to produce the end re
sult. Perhaps emphasizing this is "making 
the problems difficult" as one conferee 
lamented, and may even leave a hollow feeling 
of what one is expected to do next. 

"Go home and get one concept--just one 
concept--across to some young group", is the 
advice of another participant. 

"If we each go home and get one concept 
across to a group of young people, it will 
get the step going." With the magnitude of 
tha task, and the time remaining, this author 
can only observe that any steps, however 
small, will certainly be courageous ones. 

REFERENCES CITED 

Keeney, Ralph L. and Howard Raiffa. 1976, 
Decision analysis with multiple con
flicting objectives: preferences and 
value tradeoffs. John Wiley and Sons, 
Inc., New York. 

Ponderosa pine 

341 



SPONSORING AND COORDINATING AGENCIES 

The INSTITUTE OF GOVERNMENTAL RESEARCH, 
University of Washington, is concerned 
with public policy research partic
ularly problems concerning the state of 
Washington and the Pacific Northwest. 
One of its objectives is to participate 
in identifying and solving major public 
policy problems through the application 
of a variety of disciplines. Also the 
Institute disseminates information on 
the analysis of public problems and 
applicable research findings to tech
nical and lay audiences through con
ferences, television programs and pub-
1ications. 

The FOREST SERVICE of the U.S. Depart
ment of Agriculture is dedicated to the 
principles of multiple-use management 
of the Nation's forest resources for 
sustained yields of water, forage, 
wildlife, wood, recreation and wil
derness. It functions through manage
ment of the National Forests and 
National Grasslands, cooperation with 
the states and private forest owners and 
forestry research through Forest and 
Range Experiment Stations. In 
addition, the Secretary of Agriculture 
has assigned to the Forest Service the 
major responsibility of providing 
leadership in the management, pro
tection and utilization of the natural 
resources on all the Nation's forest and 
related rangelands. 

The NATIONAL PARK SERVICE of the U.S. 
Department of the Interior manages the 
nation's historic and national trea
sures for the enjoyment of the present 
generation while preserving them for 
future generations. In the National 
Park Service the role of scientific re
search is to support and guide manage
ment activities and decisions with 
accurate information about natural and 
human resources found in national park 
areas. Research problems are presented 
by park service managers to service 
scientists who then solve the problems 
in close conjunction with the park 
staff. 

The INSTITUTE FOR ENVIRONMENTAL 
STUDIES, University of Washington, pro
vides a coordinated university-wide in
terdisciplinary program in the broad 
area of human-environment interaction. 
This is achieved by teaching at the 
graduate and undergraduate level, pro
viding for interdisciplinary environ
mental research and developing environ
mental programs through public service 
for the non-university community. 

The COLLEGE OF FOREST RESOURCES, Uni
versity of Washington, provides studies 
and research that include the 
application of the natural and social 
sciences to the uses of forest, range, 
and recreational lands, and the related 
technological and managerial processes 
relevant to the production and pro
vision of forest-based goods and ser
vices. 

The MOUNTAINEER FOUNDATION is a non
profit corporation formed in 1968 for 
charitable, scientific, literary, and 
educational purposes. It accomplishes 
these purposes through research, publ
ication, lectures, and education. In so 
doing it assists The Mountaineers in 
pursuit of its objectives: "To study 
the mountains and water courses of the 
Northwest; to gather into permanent 
form the history and tradition of this 
region; and to preserve the natural 
beauty of Northwest America." 

The RECREATIONAL EQUIPMENT INCORPORATED 
(REI) is a classic Rochdale Cooperative 
engaged in supplying the outdoor recre
ational equipment and clothing demands 
of its more than 800,000 members nation
wide. Catering to these demands through 
retail outlets, REI contacts myriads of 
outdoor enthusiasts each year who 
utilize and depend upon the existence of 
wildlands for their non-motorized pur
suits. Facilitating that use as it 
does, REI feels obligated to aid 
member/customer understanding of the 
fragile nature of the wildlands re
source and ways by which harmful impacts 
may be minimized. 




