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Introduction 
by F. Eugene Hester, Ph.D. 

T he preservation of 
natural resources will 
be one of the major 
environmental issues 

in the last decade of the 20th 
century and will probably 
remain prominent well into 
the 21st. Conserving the 
nation's (and the world's) 
remaining biological diversity 
- from the genetic level to the 
process level - will continue to 
be a challenge as human 
populations and their impacts 
on the environment increase. 
A recent assessment of the 
natural resources of the Na
tional Park System docu
mented six common issues of 
concern: 

1. exotic, feral and pest 
animals and plants are 
changing park ecosystems; 

2. park ecosystems still 
show effects from historic, 
disruptive activities and 
need rehabilitation; 

3. recreational visitors are 
affecting park ecosystems; 

4. consumptive uses within 
parks are affecting park 
ecosystems; 

5. watershed development, 
airshed development and 
other activities outside of 
parks are affecting park 
water and air resources; 
and 

6. urban development along 
park boundaries is affecting, 
park ecosystems and inter
rupting larger ecosystems 
on which parks depend. 

Additionally, our assessment 
told us that we need to know a lot 
more about our natural resources. 
These issues are not unique to 
national parks, but apply to most 
parks and protected areas at all 
levels of public or private man
agement. 

The articles in this TRENDS 
issue will discuss some of the key 
components of park ecosystems, 
particularly those of priority con
cern; suggest ways of managing 
information about those re
sources, to allow wise decisions; 
and present thoughts about man

aging natural resource issues at 
the landscape level. 

Gone is the time when park 
managers can manage their 
natural resources in isolation. 
Cooperation by all parties that 
manage, utilize, enjoy or affect 
those resources is imperative. I 
hope that some of the informa
tion provided here will be useful 
in furthering such cooperation. 

Dr. F. Eugene Hester is the Associ
ate Director for Natural Resources 
of the National Park Service. 

Preservation of our nation's natural heritage will be a major challenge in the 
21st Century. 
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Photos by Michael Ruggicro 

Development of watersheds outside of parks 
is affecting park water resources. 

Consumptive uses'twithin parks are 
affecting park ecosystems. 

Intensive use up to park boundaries 
can fragment park ecosystems. 
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Conserving Biological Diversity 

by John Dennis, Ph.D., and Michael Rnggiero, Ph.D. 

B iological diversity is 
defined as the variety of 
life and its processes. 
There are four major 

levels of biological diversity: 
genetic— the variety within a 
particular population or species 
of plant or animal; species— the 
variety of kinds of plants and 
animals; community and eco
system— the variety of ways 
that species of plants and ani
mals are naturally assembled in 
groups; and process— the vari
ety of physical, chemical and 
biological forces to which the 
other types of diversity must 
respond. 

Much of the genetic diver
sity of a population is unseen; it 
is instead held within each indi
vidual of a population at the 

molecular level in the cells. 
Some genetic diversity, how
ever, is apparent. Obvious ex
amples in plants may include 
such things as stem length or 
flower color; variations in 
height or color patterns of fur 
are examples within a species of 
animal. 

Species diversity is more 
readily recognized. A walk 
through a park will immedi
ately reveal many of the differ
ent kinds of plants and animals, 
from the small insects and 
mushrooms to the large mam
mals and trees, and everything 
in between. Community and 
ecosystem diversity may be 
exhibited by a park containing 
forests, lakes, streams and 
meadows, but it may also be 

seen in a park containing only 
one of these broad components. 

For example, the plants and 
animals living in a swift, shal
low riffle section of a stream 
will be much different than 
those in a slow, deep pool sec
tion. The variety of processes 
may be less visible, but no less 
important. Predator-prey rela
tionships, cycles of nutrients 
such as calcium or iron from soil 
to plant to animal to decaying 
organic material to soil; and 
biochemical energy pathways 
such as the incorporation of 
solar energy into green plant 
tissue, the use of that energy by 
plant eating animals, and the 
ultimate release of the energy as 
heat during respiration, are but 
a few examples. 

Community and ecosystem diversity is well exhibited at Rocky Mountain National Park. 
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Genetic diversity provides 
the opportunity by which a 
species responds or adapts to a 
changing environment, both in 
the short and long term. In na
ture this ability to adapt to 
change is crucial for survival. In 
the human world, plant and 
animal breeders have for centu
ries made use of this 
diversity to produce 
more useful varieties 
of timber, vegetables, 
field crops and live
stock. A natural vari
ety of species in a 
plant and animal com
munity allows an 
optimal natural bio
logical utilization of 
its resources. Con
trast, for example, the 
ecological value of 
meadow and a ball 
field. From the human 
point of view, the 
existence of a natural 
array of species pro
vides a wide variety 
of choices for both 
consumptive and aesthetic uses. 
Communities and ecosystems 
provide buffered and self sus
taining habitats for the variety 
of species. They are particularly 
useful to humans in protecting 
wild species of economic value 
as well as those species of future 
economic value that have yet to 
be discovered! 

The aesthetic value related 
to the diversity of a coral reef or 
an ancient forest clearly exists, 
but is difficult to measure. The 
diversity of processes in an eco
system is critical to the survival 
of all living things, including 
humans. The various strategies 
for carrying out photosynthesis 
to provide food and oxygen that 

have evolved in response to 
variations in light, temperature 
and moisture; the cycling of 
nutrients through many soil, 
plant, animal and microbe path
ways; and the detoxification of 
chemicals by a great variety of 
terrestrial, aquatic and marine 
organisms are but a few of these 

important processes. 
Each component of natural 

biological diversity is being 
degraded by human activities. 
Loss of native genetic variation 
occurs when humans selectively 
harvest plants or animals in a 
way that removes a portion of 
the genetic variability from the 

Photos by Michael Ruggicro 
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Photos by Michael Ruggiero 

Parks are important in providing refuge to all species. 

population. It also occurs when 
humans introduce non-native 
(alien or exotic) varieties that 
displace or genetically contami
nate native varieties, or when 
human alteration of a particular 
habitat causes the local extinc
tion of a certain variety. Loss of 
native species diversity occurs 
when human use of a species or 
its habitat results in the species' 
extinction. Native communities 
and ecosystems can be lost or 
degraded when humans ma
nipulate their component 
parts— the genes, populations, 

species and habitats. 
Examples include draining of 
wetlands, urbanization, habitat 
fragmentation, road building, 
and introducing non-native 
species. The loss in variety of 
natural processes may occur 
when humans alter the quality 
or quantity of natural precipita
tion; change the natural quality 
of sunlight and air reaching 
plants by polluting the air; alter 
natural water quality and quan
tity; and change natural biologi
cal regimes such as presence 
and frequency of natural fire, 

migration pathways or preda
tor-prey interactions. 

Parks and other protected 
federal areas play a key role in 
preserving biological diversity. 
Although all federal lands total 
more than 700 million acres, 
which is seemingly a lot, not all 
of the land was set aside for 
conservation. Two hundred 
million acres of parks, refuges 
and wilderness have focused 
primarily on conservation, but 
not all were strategically set 
aside to preserve biological 
diversity. As a result, a number 

Maintaining natural processes, like fire, helps preserve natural diversity. 
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of areas of high biological diver
sity are under-represented in 
the federal estate. 

State and local governments 
collectively manage a large area 
of natural to semi-natural land
scapes that have or potentially 
may have a significant role in 
conserving biological diversity. 
These lands include such areas 
as state parks, state game man
agement areas, state forests, 
highway rights of way, state 
open space easement programs 
and local parks and recreation 
areas. 

In addition, state and local 
governmental actions can influ
ence private lands in ways that 
stress or support the conserva
tion of biological diversity. The 
principal actions revolve 
around land use planning and 
zoning—the two local and state 
regulatory functions that can be 
designed to have as a major 
purpose the conserving of bio
logical diversity. If so designed, 
these functions can greatly in
fluence that conservation 
through requiring land use 
planning to be on a large, land
scape-to-biological-region-scale 
level of integration; through 
focusing various types of land 
uses into those areas of the 
landscape where the uses are 
compatible with the conserva
tion of biological diversity; 
through requiring the more 
intensive development to be 
clustered with open space ease
ments applied to the non-devel
oped lands associated with each 
cluster; and through requiring 
effective treatment for any 
wastes that developments gen
erate to prevent those wastes 
from becoming a stress on bio

logical diversity components of 
the landscape. 

The underlying stress on 
our natural biological diversity 
is the need humans have for 
using land and organisms to 
achieve human purposes. As a 
consequence, it is clear that the 
way to prevent loss of biological 
diversity is to focus human 
activities in ways that conserve 
suitable habitat and do not ex
cessively remove organisms 
from wild populations. 

A major contributor to fo
cusing of awareness on this 
need to adjust human activities 
is the non-governmental organi
zation sector of our society, and 
the citizens who constitute this 
sector. 

Individual citizens and the 
non-governmental, both non
profit and for profit, organiza
tions and industries they form 
can provide education, informa
tion exchange, oversight on 
governmental and private orga
nizations that use land, volun
teer activities to conserve sites 
owned by them or others 
through restoration of habitat or 
provision of open space ease
ments and proposals for statu
tory and regulatory changes 
that will improve our national 
ability to conserve biological 
diversity. 

The goal of education and 
information exchange is to in
crease the number of people 
and organizations who are 
aware of the stress human ac
tivities place on natural biologi
cal diversity, who are willing to 
devote time and energy to 
thinking about ways to alter 
human activities to reduce this 
stress and who are committed 

to working together to achieve a 
common goal of conserving our 
natural biological diversity. The 
goal of exercising oversight is, 
through becoming familiar with 
organizational purposes and 
programs, being able to point 
out activities that threaten bio
logical diversity and to suggest 
ways in which the programs or 
activities could be modified to 
reduce the threat to biological 
diversity while still providing 
for achieving the broader pur
poses. 

The goal of the volunteer 
activities is to preserve habitat 
or ecological process compo
nents of an ecosystem that are 
critical to the survival of mutu
ally desired, identified elements 
of biological diversity. The goal 
of statutory or regulatory 
changes is to increase the legal 
framework for conserving bio
logical diversity through reduc
ing any existing impediments 
that prevent organizations from 
taking positive actions, through 
creating new opportunities for 
individuals and organizations 
to support conservation steps, 
through opening up new ways 
of providing for human needs 
that reduce the demand on cur
rently undeveloped natural 
resources and through changing 
the ways in which we currently 
develop natural resources to 
make that development a posi
tive force for biological diver
sity. 

Dr. John Dennis is Chief, Science 
Branch, Wildlife and Vegetation 
Division, National Park Service. 
Dr. Michael Ruggiero is Chief, 
Wildlife and Vegetation Division, 
National Park Service. 
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Preserving Rare Species 

by Napier Shelton, Ph.D. 

S
pecies and local popu
lations are being lost 
around the world at an 
enormous rate. Some 

scientists predict that, if present 
trends continue, one-quarter of 
all species existing now will be 
gone by early in the next century. 
Most of this loss is occurring 
because of destruction of biologi
cally rich tropical forests, but the 
temperate zones are losing spe
cies too. Since 1492, over 200 
species of plants and vertebrates 
have become extinct in North 
America. We realize now that 
every effort must be made to stop 
the erosion of our priceless bio
logical resources, both at home 
and abroad. 

Why Preserve Rare 
Species? 

There are many reasons, 
some purely practical, for pre
venting the extinction of species. 
They may have important scien
tific, medical, agricultural or 
industrial uses, known or as yet 
unknown. They each play an 
ecological role, and we do not 
know what the consequences 
may be if they are lost: other 
species dependent on them 
might be lost as well. Rare spe
cies, like all species, are unique 
genetic combinations, never to be 
created again. If they are lost, the 
genetic resources of Earth are 
diminished. And they are impor
tant to us simply as interesting or 
beautiful living things that share 
the planet with us. Finally, since 
many species have become rare 
because of human actions, we 
must consider a moral question: 
Is it just plain wrong to cause the 
extinction of another form of life? 

Why Species Become 
Rare 

In order to stop extinctions, 
it's necessary to know why they 
occur. First and foremost is the 
loss of habitat. Rapid develop
ment has destroyed or altered 
many of the natural environ
ments to which individual spe
cies are adapted. Overexploita-
tion has taken others. The once 
abundant passenger pigeon is a 
famous example. Competition 
with introduced, nonnative 
species is another cause. This is 
particularly serious on oceanic 
islands like Hawaii, where the 
native species are vulnerable to 
aggressive invaders. Pollution 
and toxic chemicals can have 
pervasive effects, like the food 
chain build-up of DDT that 
decimated bald eagles, per
egrines and many other species. 

Certain categories of species 
are inherently likely to become 
rare if new pressures like habitat 
loss or killing by humans are 
brought to bear. These groups 
include highly specialized spe
cies; those with originally small 
populations, ranges or genetic 
variability; colonial species 
which can be wiped out more 
quickly because they are concen
trated; and island species, many 
of which have evolved no de
fenses against non-native preda
tors and other introduced fac
tors. Such characteristics 
must be borne in mind when 
devising protection for rare spe
cies. 

How Can We Preserve 
Rare Species? 

Essentially, the preservation 
strategy is to counteract the fac-

Tlie total wild population of the endangered Big Bend gambusia is protected in 
a single warm-water pond in Big Bend National Park, Texas. 

8 

3 
CO 

c 

ttj 

gj 

3 



tors that cause species to be
come rare. That is: conserve 
adequate and varied habitat; 
regulate or stop exploitation; 
introduce species to new areas 
only for a very good reason and 
with adequate testing of their 
ecological impacts; and reduce 
pollution of all kinds. To do 
these things, a first step is cre
ation and enforcement of laws. 

The principal law that un-
dergirds preservation of rare 
species in the U.S. is the Endan
gered Species Act of 1973. This 
Act defines an endangered spe
cies as any plant or animal spe
cies that is in danger of extinc
tion throughout all or a signifi
cant portion of its range. A 
"threatened species" is one that 
is likely to become an endan
gered species within the foresee
able future throughout all or a 
significant portion of its range. 
The goal of the Act is to restore 
all federally listed endangered 
and threatened species to the 
point where they are again vi
able, self-sustaining members of 
their ecological communities. 
Over 1,000 species are on the 
worldwide list. About half of 
these are in the U.S. (see box). 

The Endangered Species Act 
also established a third category: 
candidate species. These are 
further identified as Category 1 
species—those for which the 
Fish and Wildlife Service (FWS) 
has substantial information to 
support listing a species as en
dangered or threatened but 
proposals for listing have not 
yet been made; and Category 2 
species—those for which infor
mation suggests listing may be 
appropriate but is not yet con
clusive. States also list species as 
threatened, endangered and 

Endangered and Threatened Species in the U.S. 
(including Territories) (as of 4/15/90) 

Mammals 

Birds 

Reptiles 

Amphibians 

Fishes 

Snails 

Clams 

Crustaceans 

Insects 

Arachnids 

Plants 

Total 

Endangered 

45 

76 

13 

6 

51 

3 

35 

8 

11 

3 

171 

422 

Threatened 

7 

7 

17 

5 

32 

6 

1 

1 

7 

0 

57 

140 

Examples 

Indiana bat, key 
deer, giant kangaroo 
rat 

California condor, 
Hawaii creeper, 
roseate tern 

Puerto Rican boa, 
American crocodile, 
blunt-nosed leopard 
lizard 

Shenandoah 
salamander, Houston 
toad, Wyoming toad 

Alabama cavefish, 
snail darter, Colo
rado squawfish 

Oahu tree snail, Iowa 
Pleistocene snail, 
Virginia fringed 
mountain snail 

Penitent mussel, 
birdwing pearly 
mussel, rough pigtoe 

Hay's spring amphi-
pod, Nashville cray
fish, Kentucky cave 
shrimp 

American burying 
beetle, mission blue 
butterfly, Schaus 
swallowtail butterfly 

Tooth Cave spider 

Arizona agave, Aleu
tian shield-fern, 
Wright fishhook 
cactus, relict trillium, 
small whorled 
pogonia, Texas 
wildrice 
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other categories. State listings 
often but not always parallel 
federal listings. For instance, a 
species might be considered 
endangered in a state but not 
nationally. 

The Endangered Species 
Act gives legal protection to and 
requires a recovery plan for 
each federally listed species. A 
recovery plan identifies, de
scribes and schedules the action 
necessary to restore these plants 
and animals to a more secure 
condition. The Act requires all 
federal agencies to conserve 
federally listed species and 
avoid any actions that would 
jeopardize their existence. 

The U.S. Fish and Wildlife 
Service is the lead agency in 
administering the Endangered 
Species Act. Among its main 
responsibilities are coordinating 
the listing process and develop
ing and administering recovery 
plans. Other federal agencies 
that contemplate a project that 
might affect a listed species or 
its "critical habitat" (habitat 
designated as critical to the 
survival of the species) are re
quired to consult with the Fish 
and Wildlife Service to deter
mine what, if any, changes 
should be made in the project. 
Federal agencies are taking nu
merous steps to conserve threat
ened and endangered species. 
Many FWS wildlife refuges or 
parts of them are managed spe
cifically to benefit listed species. 
Recently, for example, a sanctu
ary for the endangered manatee 
was established within the 
Merritt Island National Wildlife 
Refuge in Florida. 

The Bureau of Land Man
agement restricts human use on 
its lands that are considered 

Because of its 
mandate to 

preserve land in 
its natural 

condition, the 
National Park 

Service (NPS) is 
in an especially 

good position to 
protect 

endangered 
species. 

important to rare species, such 
as the Snake River Birds of Prey 
Area in Idaho. The USDA Forest 
Service takes similar measures, 
sometimes managing an area 
specifically for an endangered 
species, such as conducting 
prescribed burning on the Hu
ron National Forest in northern 
Michigan to maintain stands of 
young jack pines required by 
the Kirtlands warbler. Several 
federal agencies include in their 
planning management actions 
to maintain the existing biologi
cal diversity on their land. This 
includes, of course, rare as well 
as more common species. 

Because of its mandate to 
preserve land in its natural con
dition, the National Park Service 
(NPS) is in an especially good 
position to protect endangered 
species. In a 1988 survey the 
NPS found that over 120 feder
ally listed species occurred or 
were suspected to occur in more 
than 140 park units. Manage
ment for these species ranges 
from standard protection and 
monitoring to restoration of 
species that have been extir
pated from a park. 

Sea turtle nests in some 

southeastern coastal parks are 
screened against predation by 
raccoons. Prescribed burning in 
Big Cypress National Preserve 
in Florida and Congaree Swamp 
National Monument in South 
Carolina maintains open pine 
stands required by red 
cockaded woodpeckers. Young 
peregrines are raised and re
leased from "hack boxes" in 
many parks to reestablish 
breeding populations of this 
endangered species. The FWS 
has conducted captive breeding 
of whooping cranes and other 
endangered species for many 
years, and recently the Park 
Service followed suit with a 
captive breeding program for 
red wolves on Gulf Islands Na
tional Seashore, as part of the 
recovery plan for this species. 

States, too, are involved in 
the effort to conserve endan
gered species. Many have non-
game programs that include 
endangered species projects. 
Perhaps most important are the 
natural heritage programs. 
These are cooperative ventures 
established by The Nature Con
servancy, a private organiza
tion, to record the location, 
abundance and distribution of 
the rarest species and ecosys
tems. Working with state gov
ernments, the Conservancy now 
has established heritage pro
grams in every state and Puerto 
Rico. As of February 1990, it 
also had heritage programs in 
three national parks, the Navajo 
Nation, two hydroelectric au
thorities, one Canadian prov
ince and 11 countries through
out Latin America and the Car
ibbean. Heritage programs help 
the federal and state govern
ments by providing evidence 
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needed for listing or delisting an 
endangered species, and they 
guide development decisions by 
showing the locations of envi
ronmentally sensitive areas. 

Preserving rare species usu
ally is a cooperative activity. The 
members of a recovery team 
(that develops a recovery plan) 
typically represent both federal 
and state governments and 
sometimes private groups. Te
lemetry studies of manatees near 
Cumberland Island National 
Seashore in Georgia involved 
the U.S. Fish and Wildlife Ser
vice, the National Park Service, 
the Georgia and Florida natural 
resource departments, the Uni
versity of Florida, University of 
Georgia, the Port of Fernandina 
and the Department of Defense. 

Such examples show that 
rare species preservation, like 
most natural resource manage
ment issues today, concerns 
many segments of society. Suc
cess will be everybody's busi
ness and everybody's benefit. 

1 
a 

Dr. Napier Shelton is a Technical 
Writer for the Wildlife and Vegeta
tion Division, National Park Ser
vice. 

Bald eagles, found in 71 NPS units, have been successfully "hacked" at Gulf 
Islands National Seashore. 
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Managing Alien Plants 
by Ronald Hiebert, Ph.D. 

A
sk park managers 
what hampers their 
ability to preserve 
natural resources and 

most will place alien species 
high on their list. Exotic, alien 
and introduced are synonyms 
used to describe non-native 
species intentionally or uninten
tionally introduced into an area 
by the actions of humans. The 
National Park Service also de
fines aliens as those species 
native to North America whose 
range has been extended 
through the actions of man (e.g., 
the mountain goat in Olympic 
National Park). Aliens include 
feral animals (e.g., burros), 
game species (e.g., ring-necked 
pheasant), escaped horticultural 
plants (e.g., purple loosestrife) 
and plants introduced to control 
erosion (e.g., black locust) or to 
improve wildlife habitat (e.g., 
Russian olive) which were in
tentionally introduced by man. 
Some aliens were accidentally 
introduced. Examples include 
the zebra mussel recently intro
duced to the Great Lakes from 
the bilges of ships, the Norway 
rat in Hawaii or contaminants of 
crop seeds such as the bull 
thistle, and the pathogen caus
ing chestnut blight which virtu
ally eliminated the species from 
the eastern deciduous forest. 

In the words of Ecologist 
Lewin, the spread of alien 
plants and animals was one of 
the "great historical convolu
tions of the world's fauna and 
flora." The mass extinctions of 
native Hawaiian Island fauna 
following European settlement 
is a classic example. Paleoecol-
ogy studies conducted by Rich 
Futyma and Ken Cole at Indi
ana Dunes National Lakeshore 

reveal that most of the vegeta
tion change in the last 9,000 
years occurred in the 130 years 
since settlement of the area. The 
result has been some commer
cial successes and numerous 
resource management problems 
brought about by gross changes 
in vegetation. A few species 
have ecosystem level effects: 
altering natural processes, suc-
cessional patterns, species com
position and population levels 
of rare and endemic species. 

The majority of alien spe
cies, however, remain innocu
ous and do not threaten or dam
age park resources. Great 
Smoky Mountains National 
Park has approximately 1,500 
vascular plant species of which 

400 are aliens—10 are consid
ered as threatening to park re
sources. Three hundred of the 
1,400 vascular plants at Indiana 
Dunes are alien of which 14 
pose a significant threat. 

Although alien pathogens, 
animals and plants are all of 
concern to park and nature pre
serve managers, the focus here 
will be on the strategies and 
protocols for alien plant man
agement. 

Who Should be 
Concerned? 

What geographic areas and 
habitats are most susceptible to 
invasions by alien species? This 
is one of the questions that has 

Managing alien playits, like Lantana in Hawaii, is a major challenge for park 
managers. 
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been addressed by the Interna
tional Council of Scientific 
Union's SCOPE (Scientific Com
mittee on Problems of the Envi
ronment). The hypothesis that 
alien species cannot invade 
undisturbed ecosystems has not 
been supported by their studies. 
In a survey of 24 nature reserves 
around the globe, they found 
all, although considered to be 
undisturbed, had been invaded 
by aliens. This by no means 
indicates that the level of distur
bance is not an important factor 
in the susceptibility of a site to 
invasions. Based upon the num
ber of alien species that had 
become established in pre
serves, they found that islands 
were the most full of aliens. 
Tropical areas and areas with 
very harsh conditions (arid 
lands) are the least susceptible. 
They also found that an in
creased visitation rate corre
sponded to an increased num
ber of alien species. In a survey 
of national park units of the 
Midwest Region, it was found 
that smaller parks contained a 
higher pecentage of alien plant 
species than larger parks. 

Who should be concerned? 
Indications are that alien species 
are a universal problem in the 
preservation of natural re
sources. However, alien species 
are more of a problem in some 
areas than others. A profile of 
the most susceptible park may 
be a small disturbed wet island 
with a temperate climate and 
lots of visitors. The above com
posite represents trends to 
which there are numerous ex
ceptions. Although the control 
or eradication of exotic plants is 
a very expensive proposition, 
requires a long-term commit-

Photos by Michael Ruggiero 

Alien species include feral 
animals that have been 
introduced by humans. 

Alien species come in all forms. 

ment and the prognosis for suc
cess is often poor, aggressive 
management must be initiated if 
rare species and native ecosys
tems are to be preserved. 

Key Management 
Components 

Although the control of 
weeds has been well researched 
in agriculture, the control of 
aliens in natural areas is a new 
and more difficult endeavor. In 
agriculture, the goal is to control 
all weeds while allowing one 
selected species to survive. In 
natural areas, the goal is to con
trol one or several species while 

not impacting a diverse assem
blage of native species. Also, 
alien species control programs 
must be site specific. Thus, it is 
not feasible to adopt a cookbook 
approach. Management objec
tives vary from one area to an
other. The impacts and manage
ment mode will vary with cli
mate, terrain, size of area, veg
etation, extent of infestation and 
the political constraints. One 
can, however, apply generic 
management strategies and 
protocols to the development of 
site specific alien plant control 
programs. 

Management Objectives. 
The appropriate alien plant 
management program is highly 
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dependent upon the park or 
preserves' stated management 
objectives. For example, the 
general policy of the U.S. Na
tional Park Service is to protect 
and preserve all species of na
tive flora and fauna within all 
management zones, not to intro
duce exotic species except under 
special circumstances, and to 
control or eradicate alien species 
if they disrupt the ecological, 
archeological, historic or scenic 
integrity of the site, or threaten 
public health. However, 
this general policy must be in
terpreted in light of the park-
specific legislation. National 
park areas include large natural 
feature parks (e.g., Yellowstone 
National Park), national wild 
and scenic rivers (e.g., Buffalo 
National River), national recre
ation areas (e.g., Delaware Wa
ter Gap National Recreation 
Area), historic sites (e.g., Lin
coln Boyhood National Memo
rial), and national memorials 
(e.g., Lincoln Memorial). All 
come with their unique pur
poses, legislation and significant 
features. In addition, each park 
is mandated to manage for the 
preservation and recovery of 
federally listed endangered and 
threatened species and encour
aged to do the same for state 
listed species. Many states also 
have noxious weeds which all 
landowners must control. 

The variety of management 
objectives for a single species 
can be illustrated by Scotch pine 
(Pimis sylvestris), which is 
widely planted as an ornamen
tal and used for Christmas trees. 
Scotch pine may be preserved as 
part of the historic scene at a 
historic site or used as a visual 
barrier or windbreak in a recre

ation area. It may also be used 
as a reminder of past land use in 
a recently designated lakeshore 
or be eradicated in a park where 
it can invade rare prairie rem
nants threatening the survival 
of the federally endangered 
orchid. Alien plant management 
programs must be consistent 
with the site's purpose, the spe
cific situation and conform to 
law. 

Identification and Prioriti
zation. The first step in alien 
species management is to con
duct an inventory of alien spe
cies in the park and species 
which have a high potential to 
invade the park from adjacent 
areas. The lists generated 
should be annotated with infor
mation on location (geographic, 
vegetation type and manage
ment zone) and abundance. 
Observations of effects of each 
species on the natural resources 
should be recorded and a litera
ture search made as to its effects 
in other areas and potential to 
invade and impact natural com
munities. This survey should be 
conducted by a professional 
botanist or plant ecologist who 
is a competent taxonomist. 

Normally only a small frac
tion of the alien species within 
an area will invade natural ar
eas or have a significant impact 
on the natural resources. The 
innocuous species usually have 
small population numbers and 
are restricted to areas with fre
quent or recent disturbance 
such as roadsides or near new 
developments and require little 
or no management action. The 
key is to identify those species 
which are disrupting or have a 
high potential to disrupt natural 
systems. The impacts caused by 

some species will be obvious; 
those caused by others more 
subtle. Therefore, criteria and 
ranking systems have been de
veloped to serve as tools for 
professional ecologists to not 
only separate the innocuous 
species from the disruptive but 
to rank disruptive species based 
upon their present and potential 
level of impact. 

Such a system has been 
developed by the author. The 
system ranks each alien species 
in four categories- the current 
level of impact, the innate abil
ity of the species to be a pest, 
the feasibility of control and the 
urgency (or effects of delay in 
action) for control. This allows 
the manager to weigh the level 
of effort or potential for success
ful control against the level of 
impact. The ranking system also 
helps identify those species 
which presently are not causing 
significant impacts but have a 
high potential to do so in the 
near future. 

The level of impact is deter
mined by conducting field sur
veys to document the species 
distribution relative to the level 
of disturbance of the plant com
munity, its abundance (the 
number of populations and 
their size), the species effect on 
natural processes or the 
community's character, the 
significance of the resources 
impacted and the level of visual 
impact. 

The ranking of a species' 
innate ability to be a pest is 
based upon its life history char
acteristics and is determined 
through research of floras and 
other literature. Characteristics 
ranked include those which 
affects the species' potential to 
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invade natural areas, its innate 
ability for increase and its dis
persal capabilities. The two 
values can be summed to sepa
rate the innocuous species from 
the disruptive and to rank spe
cies as to the level of threat they 
pose to the natural resources 
within a site. 

The feasibility of control is 
much more difficult to rank 
than the level of threat posed by 
the species as little literature 
exists on control of alien plants 
in natural areas due to the lack 
of success stories and/or the 
tendency for the results of con
trol programs not to be pub
lished. 

However, an estimate of the 
feasibility of control can be 
made by observations of the 
abundance and distribution of 
the species within and adjacent 
to the area of concern and litera
ture on the longevity of the seed 
bank and the species potential 
for vegetative regeneration (e.g., 
stump sprouting) which affect 
the level of effort required for 
control. Other factors included 
are a ranking of the side effects 
of control measures on the com
munity, the feasibility of bio
logical control and the potential 
that sound community manage
ment (e.g., prescribed fire or 
water regime management) will 
favor native species over aliens. 
The urgency element deter
mines what the cost of delay in 
action will be financially and on 
the preservation of the re
sources. 

At Indiana Dunes National 
Lakeshore, purple loosestrife 
ranked as the worst alien plant. 
It has virtually replaced large 
areas of unique interdunal wet
land communities containing 

You may find 
that control 

efforts within 
the park will he 
futile without 

cooperation 
from your 

neighbors as 
ample 

propagules for 
reinvasion exist 

at the park 
boundaries. 

numerous state listed endan
gered and threatened plants and 
animals and is spreading rap
idly. The effort required for 
control is very high and the 
feasibility of success low. 

However, due to the level of 
impact, efforts are being made 
to control its spread and re
search is being conducted to 
identify methods of control. In 
contrast, Scotch pine was found 
to invade some old fields and 
one prairie remnant and thus 
ranked low. Control is relatively 
easy—cut it down. Therefore, 
Scotch pine is being eradicated 
from the small prairie pocket. 
European alder was found only 
at one former residential site. 
The literature indicated that the 
species was a major problem in 
other natural areas and has the 
capacity to spread rapidly. 
Therefore, the alder was eradi
cated from the site immediately. 

Research and Monitoring. 
Research and monitoring are 
essential components of an alien 
plant control program. Research 
is needed to determine if an 
alien species is causing a reduc
tion in native biodiversity or 
threatening rare species. Re

search is needed to determine 
effects on natural processes 
such as plant succession or hy-
drologic regimes. Research is 
important to identify weak links 
in the life cycle towards which 
to target control. Research is 
needed to develop control 
methods and to measure effec
tiveness. Results of research on 
alien species need to be re
ported in media and in a form 
understandable and readily 
available to natural resource 
managers. 

Monitoring is necessary to 
detect new invasions, the status 
and spread of known exotics, to 
determine the effects of control 
programs on target species and 
associated native species, and 
may determine the direction for 
future research. 

Management Action 

When one knows what alien 
species pose the most serious 
threat, those that by law you 
must control, and some idea of 
the feasibility of control and the 
level of effort required, manage
ment decisions can be made as 
to what species and/or areas 
should be targeted. As alien 
plant control is an expensive 
and labor intensive proposition 
requiring a longterm commit
ment, this is not a decision to be 
taken lightly. 

However, the more infor
mation in hand, the easier and 
more defendable the decision. 
You may determine that your 
most serious threat is uncontrol
lable on a parkwide basis. Con
trol efforts may be restricted to 
rare communities or to areas 
where the alien species threat
ens an endangered species. You 
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may find that control 
efforts within the park 
will be futile without 
cooperation from your 
neighbors as ample 
propagules for 
reinvasion exist at the 
park boundaries. 

Herbicides are 
often required to con
trol alien plants, the 
use of which may go 
against agency policy 
or personal philoso
phy. In these cases, a 
choice of the lesser of 
two evils must be 
made. You may dis
cover that an alien 
species threatens natu
ral resources on a re
gional basis, and at
tempts of chemical and 
mechanical control 
have been largely un
successful. 

Such is the case of 
purple loosestrife inva
sion of wetlands in the eastern 
and mid-western United States 
and kudzu in the Southeast. In 
this case, you may wish to work 

An ecologist cuts the alien plant, Buckthorn, in a research test 
plot. 

with other agencies to 
justify and fund re
search to identify bio
logical control agents. 
It is always prudent to 
direct control efforts 
towards a species 
which is presently low 
in numbers with a 
limited distribution 
that has a high poten
tial to be a problem. 
This is only a small 
sample of the scenarios 
a park manager may 
encounter. Armed 
with good solid infor
mation on alien species 
in a park, a skilled 
staff, a long-term com
mitment and research 
programs targeting the 
effects and control of 
alien species, progress 
can be made towards 
reducing the impacts 
of alien species on 

natural resources. 

Dr. Ronald Hiebert is the Regional 
Chief Scientist of the Midwest 
Region of the National Park Ser
vice. 
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Managing Wildlife in National Parks 

by Gerald Wright, Ph. D. 

N
ational parks play an 
extremely important 
role in the preserva
tion of many species 

of animals. It has been esti
mated that between one third 
and one half of the rare and 
endangered species in the 
United States occur within units 
of the National Park System. A 
principal factor which sets na
tional parks, monuments and 
historic sites apart from almost 
all other land management units 
in the U.S. is that unless other
wise stated in their enabling 
legislation, these areas are 
closed to the sport harvest of 
terrestrial animals. As a result, 
densities of most species are 
often higher in parks than on 
other public lands. Likewise, 
because they are not pursued by 
hunters and less likely to be 
harassed, it is easier to see ani
mals in parks than on other 
lands. The result is that national 
parks have become renowned 
for the opportunities they offer 
to view animals in a natural 
setting and observing animal 
life is a major reason people 
visit parks. 

Parks have been actively 
managing wildlife virtually 
from the tiine Yellowstone was 
established in 1872. However, 
although parks contain an abun
dance of animal life, manage
ment and concern have prima
rily focused on the large and 
"showy" mammals. Over 75% 
of NPS management actions 
and research have involved 
only a small number of species 
including Rocky Mountain elk, 
mule and white-tailed deer, 
bison, grizzly and black bears. 

Manipulation vs. 
Natural Actions 

In the early days of the Park 
Service, wildlife management 
consisted primarily of efforts to 
protect the "good" species such 
as those listed above from 
threats such as poaching, mar
ket hunting and predation. 
Predators such as wolves, coy
otes and mountain lions were 
commonly killed, species like 
the bison were partially domes
ticated, some animals were fed 
during times of food scarcity 
and transplants and removals of 
animals from parks was com
mon. Later as concern grew in 
some parks about the detrimen
tal effects that "overabundant" 
populations of elk and mule 
deer were having on their food 
supplies, park animals were 
killed to reduce their numbers. 

Also in the early years of 
the parks, programs were spe

cifically designed to involve 
visitors with animals. Many of 
the first public programs deal
ing with wildlife in the U.S. 
took place in parks. Programs 
such as the black bear feeding 
shows in western parks were 
immensely popular with visi- , 
tors and helped solidify support 
for parks even though they 
were detrimental to the animals. 

Over the years as knowl
edge and understanding of ecol
ogy and animal behavior in
creased these policies gradually 
changed. There was the recogni
tion that parks are unique natu
ral areas and should be allowed 
to function as such. As a result, 
management interference either 
with the activities of specific 
species or with ecosystem pro
cesses such as predation, fire 
and competition has been pro
gressively minimized. There 
have been similar efforts to 
minimize contacts between park 
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visitors and animals. These 
include not only prohibitions 
against feeding or harassing 
animals, but actually closing 
specific areas to visitor use to 
protect nesting, denning or im
portant feeding areas. 

Parks are in the forefront of 
efforts to manage grizzly and 
black bears in order to minimize 
conflicts with visitors and to 
allow the bears to live naturally. 
Significant advances have been 
made in efforts to remove artifi
cial food sources from parks, to 
develop safe methods for food 
storage at campgrounds and by 
backpackers, to control problem 
bears, to better understand and 
track bear behavior and to edu
cate the public. As a result, 
bear/human conflicts have de
creased and bear populations in 
most parks are relatively secure. 

Current Administrative 
Policies 

Current administrative 
policies for the NPS reflect the 
knowledge learned in working 
with and understanding natural 
processes. They state in part: 

"The primary objective 
...will be the protection of 
natural resources ...with 
a concern for fundamen
tal ecological 
processes.. .Managers 
...will not attempt solely 
to preserve individual 
species (except 
threatened or. endan
gered species) ...rather 
they will ...maintain all 
the components and pro
cesses of naturally evolv
ing park ecosystems." 
"Interference with natural 

processes in park natural zones 

will be allowed only (1) when 
directed by the Congress, (2) in 
some emergencies when human 
life and property are at stake, or 
(3) to restore native ecosystem 
functioning that has been dis
rupted by past or ongoing hu
man activities." 

"Natural processes will be 
relied on to control populations 
of native species to the greatest 
extent possible. Unnatural con
centrations of native species 
caused by human activities may 
be controlled if the activities 
causing the concentrations can
not be controlled. Non-native 
(exotic) species will not be al
lowed to displace native species 
if this displacement can be pre
vented by management." 

Predator Control 

Some of the more overt 
early manipulative activities 
such as the artificial feeding and 
partial domestication were 
phased out with little contro
versy. Changes in predator con
trol policies were harder to 
bring about and evolved slowly, 
and it was not until the 1930s 
that policies protecting preda
tors were instituted. Today no 
one questions the need to com
pletely protect all predator spe
cies living in parks. However, 
there is considerable contro
versy, principally from special 
interest groups, over the need 
for - or feasibility of restoring 
controversial predator species to 
parks in which they formerly 
existed. NPS policy stipulates 
that the Service will strive to 
restore native species to parks 
wherever: 

1) Adequate habitat to sup
port the species either exists 

or can reasonably be re
stored in the park; 
2) The species does not 

pose a serious threat to the 
safety of park visitors, re
sources, persons or property 
outside the park bound
aries; and 
3) The species disappeared 
as a direct or indirect result 
of human-induced change 
to the species population. 
Although recent research 

has indicated that the wolf ap
pears to meet all of these re
quirements, its reintroduction to 
parks like Yellowstone and 
Olympic is extremely controver
sial and has become a political 
issue. The situation is compli
cated by the fact that the wolf is 
classified as an endangered 
species, and the Endangered 
Species Act mandates a formal 
recovery plan in its original 
range. 

Exotic Species Control 

The impacts of non-native 
or exotic species on the native 
resources of parks have long 
been a source of concern for the 
NPS. The Park Service recog
nized this in the early 1920s, but 
lacked the personnel or exper
tise to correct the situation and 
thus many introductions, pur
poseful or accidental, took 
place. Except for limited remov
als of burros in Grand Canyon 
and feral pigs and goats in Ha
waii Volcanoes, little action was 
taken for many years. 

Current NPS policy calls 
for the active management, 
including eradication, of all 
exotic species which substan
tially impact park resources or 
pose a public health hazard. 
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This policy is easier stated than 
carried out. Virtually all NPS 
areas are threatened by some 
type of exotic species. Elaborate 
and expensive programs have 
been and are being carried out 
in selected parks to eradicate or 
control species like the Euro
pean boar, domestic goat and 
burro. Many of these programs 
have been quite successful. 
Other programs have been diffi
cult to carry out and represent 
little more than holding actions, 
effectively eliminating the cur
rent year's production while 
maintaining the overall popula
tion at a relatively constant 
level. 

Public support for exotic 
control programs in parks varies 
considerably depending on the 
species. Some species are valued 
by sportsmen outside the park 
and thus control programs are 
opposed. Killing animals that 
the public views as cute can also 
generate outcry particularly 
among animal rights groups. 

A case in point are efforts 
to control the mountain goat, a 
species native to North 
America, but an introduced 
exotic in Olympic National 
Park. Sensitivity to such pro
tests has often limited the ability 
of the NPS to control exotic 
species except by expensive 
methods such as live-capture 
and removal. 

Ungulate Control 

Long-standing programs of 
herd reduction of elk and naule 
deer in western parks were 
terminated in the mid-1960s. In 
Yellowstone, this action was 
combined with a research pro
gram designed to determine if, 

Research on wildlife has been essential to management. 

in the absence of human control, 
elk numbers would continue to 
increase and for how long, and 
whether limitations on available 
winter forage, periodic severe 
winters or other ecological pro
cesses such as intraspecific com
petition would eventually natu
rally limit elk numbers at some 
equilibrium level. The scientists 

reasoned that if this equilibrium 
were attained, some range dete
rioration in specific areas would 
be inevitable, but it was not 
necessarily an indication that 
the density of animals was ex
cessive. 

These views of range condi
tion were (and are) counter to 
traditional theory which holds 

19 

^0 



that habitat degradation is evi
dence that stock densities are 
excessive. The dramatic and 
continued growth of the elk and 
bison herds, the movements and 
harvests of animals outside the 
park, the influence of the 1988 
fires and the effect that wolf 
reintroduction might have on 
the herds have all served to 
keep the issue of ungulate man
agement at Yellowstone, and by 
implication in other parks with 
abundant ungulates, in the spot
light. 

The dramatic growth of 
white-tailed deer populations in 
the eastern U. S. and their in
creasing densities in the historic 
parks and battlefields is cur
rently the focus of much con
cern. Parks and monuments 
which were set aside to preserve 
cultural resources, e.g., battle
fields and historic sites, are typi
cally managed with the objec
tive of preserving the site as it 
appeared during the "historic 
period." This static manage
ment in essence requires alter
ing natural processes such as 
succession, which cause the 
ecosystem to change. 

Plant communities in par
ticular are maintained in a state 
that reflects the historic charac
ter of the site, and are thus in a 
static growth form. Depending 
on the viewpoint, high densities 
of deer may facilitate this man
agement objective by cropping 
the current growth and playing 
a role similar to that of humans 
and domestic animals in the 
historic period. However, by 
curtailing forest regeneration, 
deer may also cause an irrevers
ible long-term shift in species 
composition. Eastern parks 
which harbor large densities of 

Bearproofing of campgrouttds has been a major resource management activity 
in western parks. 

deer that forage on crops and 
ornamentals lands outside the 
park are also coming under in
creasing criticism from adjacent 
land owners. NPS management 
policies .state that: 

"Animal populations 
...will be controlled in 
...cultural ...zones when 
necessary to protect prop
erty or landscaped areas." 
Unfortunately, the actual 

landscape management objec
tives for most cultural areas are 
often loosely defined which 
makes a determination of habitat 
damage by deer or other species 
difficult. Lethal control of ani
mals is also often impossible due 
to public pressure, and other 

methods of reducing the popu
lation are often unfeasible or too 
expensive. Thus these sites often 
face a situation very similar to 
that confronting natural areas 
with abundant ungulate species 
and are encountering similar 
controversies. 

Current Management 
Problems 

Today, as in the past, the 
degree of reliance that should 
be placed on natural processes, 
and the degree to which man
agement actions should ma
nipulate the natural functions of 
park ecosystems, particularly 
when managing sensitive park 
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resources where biological, 
ethical, economic and even po
litical considerations enter the 
picture is unclear. The most 
dramatic examples of this di
lemma have been in the area of 
fire management (when and 
where should a natural fire be 
allowed to burn?), and have 
been complicated by the 1988 
fires in Yellowstone. 

There are, however, several, 
more subtle applications to ani
mal populations. Starvation for 
example is a relatively common 
and widespread natural pro
cess. However, the sight of ema
ciated animals on a winter 
range is difficult for the public 
to accept, and invariably results 
in pleas for artificial feeding. 
Likewise, although most indi
viduals can accept the fact that 
predators kill the old and sick, 
they have difficulty with the 
killing of the young, and often 
demand retribution in the form 
of predator control. 

The maintenance of wolves 
on Isle Royale exemplifies the 
difficulties managers face in 
knowing when to interfere in 
what may be a completely natu
ral process. On the island, the 

wolf population, after a 5-year 
decline, faces the possibility of 
extinction. This decline has 
arisen from constant high mor
tality coupled with a steady 
drop in reproduction. 

The reasons for the decline 
are not clear- they may be natu
ral, they may not be. The decline 
may be the result of a decrease 
in food supply, mortality from 
new diseases or the loss of ge
netic variability. Faced with the 
possible extirpation of the wolf, 
several management options are 
available depending on whether 
the decline is in fact natural and 
because the wolf as an endan
gered species is governed by the 
provisions of the Endangered 
Species Act. Options developed 
by park researchers include: 

1. Attempt inoculation for 
canine parvovirus. 
2. supplemental feeding 
3. augment the population 
with additional breeding 
animals 
4. capture for captive breed
ing. 

If wolves were to be extirpated, 
additional management options 
might include: 

1. allow for natural recoloni-
zation 

2. introduce new wolves to 
repopulate the island 

Conclusions 

As indicated above, national 
parks are valued by millions 
because of their beauty, the 
resources they protect and for 
the opportunities they offer for 
a variety of recreation activities. 
However, what I hope to have 
illustrated in this article is that a 
true value of national parks is 
that they are among the few 
areas remaining in the U.S. 
where natural ecological pro
cesses can operate unhindered 
by human objectives and de
sires. They are places where 
animals can live, die, kill or be 
killed according to the dictates 
of nature. 

Dr. Gerald Wright is an NPS Re
search Biologist at the University 
of Idaho Cooperative Park Studies 
Unit and Professor in the Depart
ment of Pish and Wildlife Re
sources at the University of Idaho. 
He is currently completing a book 
on wildlife research and manage
ment in the national parks. 
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Air...A Natural Resource 
by David Joseph 

M illions of people 
visit parks each 
year in search of 
rest, recreation, 

and physical and spiritual re
newal. Visitors are inspired by 
these places and put a high 
value on knowing these re
sources are being protected and 
preserved for future genera
tions. 

The air is a resource among 
many resources. It is also a criti
cal factor in determining the 
quality of a park's other re
sources. Air pollution can dam
age and destroy the very re
sources and values that parks 
have been created to protect and 
preserve. 

Polluted air can harm park 
resources in many ways, includ
ing impairing visibility, damag
ing vegetation, leaching nutri
ents from the soil, acidifying 
water, and discoloring and ac
celerating the weathering of 
buildings and monuments. Air 
pollution can travel hundreds or 
thousands of miles and respects 
no geographical boundaries 
during its voyage. Parks can no 
longer be considered islands 
isolated from the byproducts of 
an urban and industrial society. 

In this brief summary of air 
resource management, we will 
examine a few of the air pollu
tion effects on park resources, 
and what the National Park 
Service (NPS) is doing about air 
pollution problems in general. 

Air Pollution and Its 
Effects 

Air pollution consists of 
gases and suspended bits of 

Mount Baker, about 100 miles from Olympic National Park, can be seen from 
the park on a clear day. 

matter (particles) that can cause 
harmful effects on people and 
natural and cultural resources. 
Gases of concern to the NPS 
include ozone, sulfur dioxide, 
nitrogen oxides and volatile 
organic compounds of carbon, 
hydrogen and other elements. 
The suspended particulate mat
ter includes very small or "fine" 
particles made up of com
pounds such as sulfates, nitrates 
and metals like lead. Many of 
these pollutants are emitted 
from large stationary sources 
such as coal and oil-fired power 
plants, copper smelters and 
petroleum refineries, mobile 
sources such as cars and diesel 
trucks, and general industrial 
and residental sources in urban 
areas. 

Ozone is not emitted di
rectly from sources but is the 
result of a chemical stew in the 
air of organic compounds, nitro

gen oxides and sunlight. Ozone 
is not the only pollutant formed 
in the atmosphere. Much of the 
particulate sulfates in the air 
were produced there by chemical 
reactions with the gas sulfur 
dioxide. Sulfates and ozone are 
responsible for two of the major 
air pollution effects of concern to 
the NPS: impaired visibility and 
injured vegetation. 

Tiny particles such as sul
fates impede the passage of light 
through the air. We see majestic 
mountains and vistas because of 
the light reflected from them that 
reaches our eyes. Fine particle 
interaction with light discolors 
the scene by making it appear 
grayer or whiter. This makes it 
more difficult for one to perceive 
true colors, features and textures 
of distant vistas. Scientists call 
this effect uniform haze because 
it impairs visibility in all direc
tions. 
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Ozone affects many species 
of native vegetation in parks. 
Ozone foliar injury appears as 
dark spots on the upper sur
faces of leaves of deciduous 
species and as yellow mottling 
of the needles of evergreen spe
cies. Exposures to air pollutants 
for long periods of time may 
reduce plant growth, affect re
production and increase mortal
ity. All of these effects may con
tribute to changes in the ecosys
tem. 

Legislative Mandates 

The National Park Service 
can address these air pollution 
problems through its legisla
tively granted authorities. In 
1916, Congress enacted the Na
tional Park Service Organic 
Act—a law which established 
the National Park Service and 
directed the new agency "to 
conserve the scenery and natural 
and historic objects and the wildlife 
therein and to provide for the en
joyment of the same in such man
ner and by such means as will leave 
them unimpaired for the enjoyment 
of future generations." This man
date has two major objectives: 

(1) to protect park resources and 
(2) to ensure visitor enjoyment. 
The value of preserving scenic 
and natural settings has long 
been recognized as important 
for maintaining national parks, 
monuments and recreation ar
eas. 

The Clean Air Act, as 
amended in August 1977, pro
vides one of the most important 
mandates for protecting air 
resources in NPS areas. In sec
tion 160, Congress states that 
one of the purposes of the act is 
"to preserve, protect and en

hance the air quality in national 
parks, national wilderness ar
eas, national monuments, na
tional seashores and other areas 
of special national or regional 
natural, recreation, scenic or 
historic value." 

The Clean Air Act also es
tablishes stringent requirements 
for "class I" areas which are 
national parks over 6,000 acres 
and national wilderness areas 
over 5,000 acres that were in 
existence on August 7,1977. 
Federal land managers (defined 
as the Secretaries of the Interior 
and Agriculture) and the federal 
official charged with direct re
sponsibility for each area have 
been given an affirmative re
sponsibility to protect air qual
ity-related values in these areas 
from adverse impacts. 

The NPS defines air quality-
related values as visibility and 
those scenic, cultural, biological, 
and recreation resources of an 
area that are affected by air 
pollution or are dependent on 
good air quality. 

Determining an adverse 
impact on air quality related 
values requires identifying a 
current or potential impact and 
considering how it might affect 
park resources and visitor expe
riences. This determination 
combines information from NPS 
research and information from 
industries proposing to build 
new air pollution sources, and 
includes the federal land 
manager's judgment and expe
rience about whether allowing 
this effect would be consistent 
with the NPS Organic Act. 

The Clean Air Act also es
tablishes a national goal of rem
edying existing and preventing 
future visibility impairment in 

class I areas. The act requires 
that states incorporate measures 
in their air pollution control 
programs that will ensure 
progress toward this goal. These 
legislative mandates and au
thorities have spawned several 
key NPS air resource manage
ment activities. 

Monitoring and 
Research 

Monitoring and research 
aim to identify those values that 
are sensitive to air pollution, 
characterize the current condi
tion of the resource, document 
long-term changes and identify 
the existing and potential 
sources of pollution responsible 
for the problems. The NPS air 
monitoring and research pro
grams have focused on visibil
ity, gaseous pollutants and bio
logical values. 

What has the NPS learned 
from these programs? 
• More than 90 percent of the 
time, man-made pollution af
fects scenic views to some de
gree at all NPS monitoring sites. 
• Fine particles are the major 
contributor to visibility impair
ment in the parks. Sulfates, in 
particular, are extremely effi
cient at reducing visibility. In 
the Colorado Plateau, where 
Bryce and Grand Canyons are 
located, sulfate particles are 
responsible for 40 to 65 percent 
of the visibility impairment, and 
in Shenandoah National Park in 
Virginia, for over 70 percent. 

• Best average visibility is in 
northern Nevada, Utah and 
southern Idaho. The area that 
includes Grand Canyon, Bryce 
Canyon and Canyonlands Na
tional Parks is next best. 
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•The worst visibility 
recorded by the NPS is 
in the eastern United 
States, where there are 
higher relative humid
ity and background air 
pollution levels. In the 
summer of 1989, for 
instance, the median 
visibility at Shenan
doah National Park 
was 10 kilometers, as 
compared to 100 to 175 
kilometers for most 
western parks. 
•Visibility is generally 
best in the winter and 
worst in the summer. 
•Air masses that bring 
high sulfate concentra
tions to parks often 
have their origin hun
dreds of miles or more 
away. For example, in 
the case of Grand Canyon Na
tional Park, the sulfates often 
were likely to originate from 
emissions in urban southern 
California or the copper smelter 
regions of southern Arizona. 
Such long-range transport of 
pollution to other parks is not 
unusual. 

• NPS studies of human percep
tion of visual air quality indicate 
that people value clean, clear air 
as one of the most important 
features of the parks they visit. 
• Ozone concentrations at many 
parks occasionally exceed the 
level that the Environmental 
Protection Agency (EPA) has 
determined to be harmful to 
humans. Acadia, Sequoia, 
Yosemite National Parks, 
Joshua Tree National Monu
ment, Cape Cod National Sea
shore and Cuyahoga Valley and 
Santa Monica Mountains Na-

Researchers examining foliar injury on white pine in 
Shenandoah National Park. 

tional Recreation Areas are 
some of the NPS parks that have 
experienced these high ozone 
levels. Pollution from southern 
California, the Ohio River Val
ley and the northeast are chemi
cally baked into ozone and 
transported to these parks. 
• Ozone has caused a yellowing 
of pine needles and reduced 
retention of whorls on pine trees 
in Sequoia and Yosemite Na
tional Parks and Saguaro Na
tional Monument. Tree growth 
is reduced if this injury is great 
enough. 
• Ozone has also caused visible 
injury on sequoia seedlings. 
Results of fumigation studies 
show that significant growth 
effects on the shoots and roots 
of sequoia seedlings is possible 
if ozone concentrations were to 
increase by half above the 
present ambient levels. 
•Many plant species demon

strate sensitivity to 
ozone at levels less 
than the EPA level 
designed to protect 
human health and 
vegetation. 
•It is very difficult to 
separate out the air 
pollution effects on 
plants from those 
caused by other vari
ables such as climate 
and insects. Long 
term air pollution 
effects research pro
grams are underway 
at Acadia, Great 
Smoky Mountains, 
Sequoia and 
Yosemite National 
Parks and Saguaro 
National Monument. 
These programs are 
attempting to define 

a unique air pollution "signa
ture" on park plant species and 
ecosystems. We expect many 
significant biological research 
results to be forthcoming in the 
next few years. 

New Source Review 

New source review is a 
preconstruction licensing pro
gram for major new or expand
ing sources of air pollution. Of 
particular importance to the 
NPS is the new source review 
program called "PSD," which is 
short for the "Prevention of 
Significant Deterioration of Air 
Quality." The PSD program 
establishes very specific require
ments for sources whose emis
sions might impact the class I 
areas. A facility seeking a PSD 
permit must meet several tests. 
It must meet all applicable am-
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bient air quality standards, it 
must apply the best available 
control technology to reduce its 
emissions and must not cause 
an adverse impact on the air 
quality-related values of a class 
I area. 

This determination of ad
verse impact is site and project 
specific and is made during the 
permit review. NPS routinely 
examines whether a proposed 
source will adversely affect the 
air quality-related values of 
nearby parks. If the NPS deter
mines that park resources will 
not be adversely affected, then 
the permitting agency (EPA or 
the state) may authorize the 
facility to begin construction 
and operation. However, if NPS 
can demonstrate that the facility 
would have an adverse impact 
on park resources, the permit
ting authority may not allow the 
project to construct. On many 
occasions, NPS involvement in 
the PSD program has resulted in 
greater reductions of air pollut
ant emissions than those origi
nally proposed by permit appli
cants. 

Interpretation 

Interpretive programs in
form visitors about the air re
source management program in 
parks, the value of the air re
source, the ways that air pollu
tion affects park resources, the 
research and monitoring pro
grams being conducted in the 
parks, and the statutory authori
ties which define the NPS role 

in air quality preservation. In
terpretive programs may be in 
the form of campfire talks, slide 
shows and slide libraries, vid
eos, printed brochures and ar
ticles in park interpretive news
papers, poster displays and 
wayside exhibits. 

Planning 

The National Park Service 
also manages the air resource by 
incorporating air quality con
cerns in its planning process. It 
can also participate in the plan
ning processes of other agen
cies. Planning documents and 
environmental impact state
ments (EIS) provide an opportu
nity to address important issues 
affecting park air resources. 
Through planning, the NPS can 
insure that activities inside or 
outside the parks are environ
mentally acceptable and that its 
air quality concerns are appro
priately addressed. 

Rulemaking 

The National Park Service 
maintains an active involvement 
in other agencies' activities 
which may affect air quality 
throughout the National Park 
System. There are numerous 
federal, state and local govern
ing bodies whose regulations 
may have direct or indirect im
pacts on parks' air quality-re
lated values. It is important to 
become involved in the devel
opment of these regulations. 

The NPS has worked with 
the EPA during the develop
ment of regulations on the pro
tection of visibility in national 
parks, on new permitting re
quirements for new sources of 
air pollution and the establish
ment of new air pollutant stan
dards for the ambient air. NPS 
also has presented research 
findings and testimony on pro
posed regulations at many state 
and local government level 
public hearings. 

In 1987, the NPS conducted 
an intensive study to determine 
the effect that emissions from an 
Arizona power plant were hav
ing on visibility at Grand Can
yon National Park. As a result, 
the NPS has been able to quan
tify the source's impact on vis
ibility at the Canyon. Based on 
these results, the EPA will prob
ably require the plant to greatly 
reduce its emissions of sulfur 
dioxide in order to improve the 
visibility in Grand Canyon Na
tional Park. 

Good air quality is a re
source among the many re
sources within a park which 
constitute the basis for its estab
lishment and value. Wise and 
effective management of air 
quality has become a necessity 
throughout the National Park 
System. Clean air in our parks 
can no longer be assumed or 
taken for granted. 

David Joseph is a physical scientist 
with the National Park Service's 
Air Quality Division in Denver, 
Colorado. 
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Managing Water Resources 

by Bill Jackson, Dan Kimball, Barbara West, Owen Williams and Stan Ponce, Ph.D. 

E ffectively managing 
water resources in 
parks requires a skillful 
blending of scientific 

and legal disciplines, interdisci
plinary analysis and interpreta
tion, and interagency coordina
tion. In its most basic sense, 
water resources management 
involves management of land 
uses (both within and outside 
park boundaries) to achieve 
water quantity and quality ob
jectives. Those objectives usu
ally are developed to meet re
quirements of dependent uses 
such as fish and wildlife habitat, 
recreation and aesthetics or 
human use and consumption. 
Therefore, development of 
meaningful objectives requires a 
scientific understanding of rela
tionships between hydrologic 
conditions and dependent uses 
on a site-specific basis. Once 
developed, park managers then 
need to translate objectives into 
standards which can be en
forced by the proper authority 
(in the case of water quality), 
administrable appropriations 
(in the case of water rights) or 
natural resource-based manage
ment of park uses and opera
tions. 

The purpose of this article 
is to summarize the legal frame
work within which park water 
resources are managed, and to 
describe a systematic process of 
water resources planning and 
management for addressing 
water resource management 
issues. 

Background 

Whether in support of natu
ral systems or providing for 

visitor use, water is a significant 
resource in most units of the 
National Park System. The Na
tional Park Service seeks to 
perpetuate surface and ground 
waters as integral components 
of park aquatic and terrestrial 
ecosystems by carefully manag
ing the consumptive use of wa
ter and striving to restore, main
tain, or enhance the quality and 
availability of surface and 
ground waters in accordance 
with all applicable federal, state 
and local laws and regulations. 
In addition, the NPS seeks to 
manage its own activities and 
park uses to avoid impairment 
to aquatic, wetland and flood-
plain resources. 

In carrying out their stew
ardship responsibilities, numer

ous water resources issues, con
cerns and needs have become 
apparent to NPS managers. A 
recent systemwide natural re
sources assessment by the NPS 
identified significant water re
sources issues such as the deg
radation of park water quality 
due to external activities, the 
alteration of natural flow re
gimes and ground water levels 
(caused by both in-park and 
external development) and the 
lack of secure water rights. The 
assessment also identified other 
water resources issues such as 
disruption of natural coastal 
dynamics, disruption of park 
resources due to mineral extrac
tion and geothermal activities, 
impacts of urbanization, global-
scale atmospheric (and possibly 

Tlie waters of the Everglades are threatened by nutrient enrichment. 
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climatic) impacts, visitor use 
impacts on backcountry park 
resources and lack of basic data 
necessary to understanding 
park ecosystems and threats to 
them. More than 480 significant 
water quality issues alone in 
over 170 NPS units were identi
fied by this assessment. 

Legal Framework for 
Water Resources 
Management 

Numerous laws and regu
lations have been passed, both 
at the federal and state levels, to 
deal with the management of 
water resources. Two of the 
most important bodies of law 
pertinent to the management of 
NPS water resources are the 
Federal Clean Water Act and 
the body of state and federal 
law which pertains to the ap
propriation of surface waters. 
Other acts, including the Re
source Conservation and Recov
ery Act and the Comprehensive 
Environmental Response Com
pensation and Liability Act, 
may also be important to the 
management of hazardous 
waste sites. 

Clean Water Act 

The Clean Water Act was 
designed to restore and main
tain the integrity of the nation's 
water, including waters of the 
National Park System. As part 
of the Act, Congress recognized 
the primary role of the states in 
managing and regulating the 
nation's water quality program. 
To implement major compo
nents of the nation's water qual
ity program, Congress directed 

states to (1) develop water qual
ity standards and apply these 
standards to water bodies ac
cording to designated uses, (2) 
develop and implement a per
mitting program for point 
source discharges, (3) develop 
ground water quality protection 
programs and (4) assess 
nonpoint source pollution prob
lems and develop appropriate 
management programs (and 
Best Management Practices) to 
address these problems. 

Based upon the framework 
developed by Congress and 
subsequent regulations devel
oped by the Environmental 
Protection Agency (EPA), the 
key to water quality protection 
in units of the NPS is working 
with states to classify park wa
ters and to develop and enforce 
appropriate standards, includ
ing anti-degradation standards. 
To implement this anti-degrada
tion policy, special protection is 
to be provided for water for 
which ordinary use classifica
tions may not suffice. This class 
of waters is known as Outstand
ing National Resource Waters 
(ONRW). The purpose of this 
special protection is to safe
guard the nation's highest qual
ity waters and to maintain the 
quality of waters which have 
ecological importance. ONRW 
programs differ among states, 
and it is incumbent upon park 
managers to work effectively 
with state ONRW programs 
(West, 1989). 

Water Rights Laws 

With one exception, water is 
the property of the states and its 
use (and appropriation) is sub
ject to state control and adminis

tration. The body of water law 
involves a complex weave of 
individual state laws which 
overlie two basic water rights 
doctrines (Williams, et. al., 1990). 
These doctrines, called Riparian 
(Eastern) and Appropriative 
(Western), are based on the con
cepts of reasonable use and 
"first in time, first in right," re
spectively. Procedural systems 
for the creation, protection and 
administration of water rights 
have evolved in many states. It 
is incumbent upon park manag
ers to work within state systems 
to achieve protection of park 
waters, including springs, seeps, 
rivers, streams and lakes. 

The relationship between 
the federal government and the 
states has been volatile in the 
area of the control of water and 
its use. This is based, in part, 
upon the fact that state water 
law often is not amenable to the 
needs of the federal government 
as it fulfills Congressional man
dates. Consequently, an addi
tional doctrine, the Federal Re
served Water Rights Doctrine, 
has resulted from court deci
sions. 

Therefore, the NPS and 
other federal agencies are faced 
with a complex situation involv
ing different water rights doc
trines, systems of state water law 
and administration and court 
rulings as they attempt to ac
complish resource protection 
missions. National parks, in 
most cases, do not "own" water 
resources in parks, and those 
resources are subject to appro
priation under state law. The 
bottom line for most western 
parks is that water resources 
must have legal as well as man
agement protection. 
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Planning and 
Management: 
Formulating and 
Achieving Water 
Resource Condition 
Objectives 

An essential step in ad
dressing water resources issues 
is park planning. The NPS plan
ning process involves a number 
of stages, progressing from the 
formulation of broad objectives 
(the Statement for Manage
ment), through decisions about 
what general management di
rections should be followed to 
meet those objectives (e.g., the 
General Management Plan), to 
formulation of detailed action or 
implementation plans (e.g., the 
Natural Resources Management 
Plan). In certain parks, where 
water resources issues are suffi
ciently important, complex or 
controversial, a Water Re
sources Management Plan may 
be prepared as a separate action 
plan of the Natural Resources 
Management Plan (Kimball and 
Flora, 1989). Park planning pro
vides a mechanism to gather 
and analyze data, assess exist
ing conditions and future 
trends, develop resource condi
tion objectives, identify issues 
that need to be addressed, 
evaluate alternative actions, 
select a preferred alternative 
and monitor the effectiveness of 
that alternative in achieving 
objectives (Figure 1). 

Inventory and Condition 
Analysis 

Inventories are fundamental 
to the water resources planning 
process. If you do not know 
what you have, you cannot 

Figure 1 
Integration of the elements of water resource 

planning and management 

INVENTORY 

ISSUES/THREATS 

OBJECTIVES 
(IN TERMS OF RESOURCE CONDITIONS) 

DEVELOP/EVALUATE/IMPLEMENT 
MANAGEMENT ACTIONS 

MONITOR 

manage it. It you cannot de
scribe the interdependencies 
between resource conditions 
and dependent values, you 
cannot justify management. 
Water resource inventories are 
accounts of park water re
sources, including the presence, 
class, distribution and normal 
variation of water quantity and 
quality and associated (e.g., 
wetland) resources. Inventories 
need to be designed to lead to a 
statement of the condition of 
water resources in relation to a 

reference condition (e.g., the 
natural potential condition), and 
should be accompanied by a 
description of the values (or 
uses) which are dependent 
upon maintaining or enhancing 
water resource conditions. In
ventories may involve both the 
compilation of existing informa
tion and the acquisition of new 
information. They may be either 
intensive in space (synoptic) or 
intensive in time (designed to 
detect temporal variations). 
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Issue Analysis: The Key to 
Focus 

We would not be concerned 
at all about management of park 
water resources if it were not for 
the fact that threats to their con
dition existed or were antici
pated. Threats to water resource 
conditions result both from park 
management actions (or inac
tions) and from activities exter
nal to parks. In either case, an 
effective issue analysis allows 
the park manager to understand 
the nature of threats to water 
resource conditions, including 
causes, modes of impact, af
fected processes and responsible 
parties and management roles. 
An effective issue analysis helps 
focus the development and 
analysis of alternative manage
ment actions and the design of 
efficient monitoring programs. 

Objectives: A Question of 
Condition 

One of the least perfected 
arts in water resources manage
ment is that of establishing 
quantified objectives in terms of 
resource conditions (quantity 
and quality) which serve to 
meet the needs of dependent 
natural resources and visitor 
use. Objectives form a manage
ment "target." A target condi
tion becomes the focus of water 
resource management. That 
condition forms the measure 
against which monitoring infor
mation is analyzed and manage
ment actions evaluated. Condi
tion objectives also can become 
the vehicle by which manage
ment objectives are interfaced 
with state (and federal) regula
tory and administrative pro-

Resources along the Colorado River in the Grand Canyon are affected by the 
flow release schedule of the Glen Canyon Dam. 

cesses. It is very important to 
develop a clear, precise manage
ment target as a focus for action 
and a basis for quantifying de
partures from that target. 

Developing and Implementing 
Management Actions 

The most important factor 
which drives the water re
sources planning and manage
ment process is the responsibil
ity of the NPS to take actions to 
protect or enhance the condition 
of park water resources. Man
agement alternatives need to be 

developed based upon objective 
information on the relationship 
between threats and resource 
conditions, and they need to be 
evaluated in terms of their like
lihood of achieving resource 
condition objectives. Manage
ment actions may be direct, for 
example visitation restrictions, 
prescribed fires or operations 
decisions, or they may be indi
rect, for example participation 
in state planning or regulatory 
programs, or basin water rights 
adjudications. In other cases, 
management actions may be 
anticipated and planned for in 
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Tlie Merced River in Yosemite National Park is experiencing accelerated bank 
erosion because of heavy visitor use. 

the future based upon the re
sults of monitoring. Often, man
agement actions need to be de
veloped and evaluated within 
the context of the Environmen
tal Assessment/Environmental 
Impact Statement process. 

Monitoring: How Well Are We 
Doing? 

Water resources monitoring 
is designed to detect changes 
and quantify trends in water 
resource conditions. Properly 

designed, monitoring serves to 
provide information on linkages 
between changes in resource 
conditions and their cause. 
Monitoring is designed to pro
vide a feedback between natural 
resource conditions and man
agement objectives, and can 
serve both to trigger manage
ment actions and evaluate their 
effectiveness. To be effective, 
monitoring needs to be diagnos
tic, focused, designed, analyzed, 
reported and interpreted to 
management. Monitoring needs 
to be driven by a "monitoring 
question," presumably Ane 
which relates to water resource 
conditions and the potential for 
change in those conditions. 
Because it is impossible to 
monitor everything, monitoring 
needs to be focused based upon 
an analysis of issues, and de
signed to address meaningful 
indicators of change. By serving 
as a feedback loop, monitoring 
enables the water resource man
agement process to build upon 
itself as additional information 
is developed and the under
standing of resource conditions 
is advanced. 

Looking to the Future 

Although substantive ac
complishments in the manage
ment of NPS water resources 
have been achieved, water re
source management in the Na
tional Park System is in its in
fancy. Few parks have devel
oped comprehensive invento
ries of water resources or quan
tified the condition of those 
resources. Similarly, few parks 
are engaged in comprehensive 
management programs or con-
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tinued, base-funded, monitoring 
of park water resource condi
tions. Finally, in too few cases 
are parks effectively coordinat
ing with the state agencies 
which often are key to achieving 
park water resource condition 
objectives. 

In recent years, the NPS has 
invested substantially in its 
national water resources pro
gram office, and leadership in 
the area of water rights, water 
quality, water resources man
agement planning and water 
resource inventory and moni
toring. What remains is to de
velop a major commitment to 
support park-based water re
sources management programs. 
Only at a park-specific level can 
effective implementation of the 
water resources planning and 
management process be 
achieved over the long term. 

The authors are members of the 
Water Resources Division, National 
Park Service, U.S. Department of 
the Interior. Their affiliation with 
the Division is as follows: Bill Jack
son, Chief of the Water Operations 
Branch; Dan Kimball, Chief of the 
Planning and Evaluation Branch; 
Barbara West, Environmental 
Protection Specialist with the Plan
ning and Evaluation Branch; 
Owen Williams, Chief of the Water 
Rights Branch; and Dr. Stan 
Ponce, Division Chief. 
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Monitoring Natural Resources 

by Gary E. Davis 

H
ow healthy are your 
park ecosystems? 
Without manage
ment intervention, 

are they capable of fending off 
altered water supplies, human 
consumption of "renewable" 
resources, accelerated invasions 
of alien species, physical im
pacts of visitors and air pollu
tion? These issues threaten eco
system integrity in parks world
wide. How do you determine 
when to intervene in natural 
resource issues, and how far 
should you go in your remedial 
actions? 

Why Monitor? 

Park ecosystems are chang
ing in ways never before seen. 
Lack of historical and contem
porary data makes it difficult to 
clearly define the nature and 
extent of these changes. Unless 
we begin to gather empirical 
data on the health of park eco
systems now, the changes may 
become irreversible and fatal. 
Alternatively we may unneces
sarily impose constraints on 
human endeavors out of fear of 
the unknown. Politically, this 
kind of uncertainty tends to 
freeze action for fear of over
reacting or changing systems 
perceived as naturally static. 
Doubts about ecosystem dy
namics range from concerns for 
global climate change to worry
ing about visitor disturbance of 
wildlife. 

An adequate natural re
sources monitoring program 
can provide the information 
required to reduce uncertainty 
and address these questions. 
What to monitor, and an appro
priate level of accuracy, varies 

from park to park, but the basic 
reasons for monitoring are the 
same everywhere. They are to: 

• Determine present and 
future health of park eco
systems. 
• Establish empirical limits 
of variation in park re
sources. 
• Diagnose abnormal condi
tions to identify issues in 
time to develop effective 
mitigation, and 
• Identify potential agents 
of abnormal change. 

Medicine and 
Ecosystem Management 

Park managers are essen
tially family physicians for 
parks. They monitor ecological 
health to identify impaired park 
resources. They treat ecological 
dysfunction and repair damage. 
They also prevent poor ecologi
cal health by reducing exposure 
to dangerous agents (e.g., pol
lutants). 

A natural resource monitor
ing program should provide the 
same kinds of information to 
park managers that health 
monitoring provides to physi
cians. It should show current 
health and predict future condi
tions. Monitoring should be 
sensitive to subtle chronic 
stresses as well as identify overt 
lethal threats. An effective 
monitoring program will also 
help identify causes of system 
dysfunction and suggest effec
tive treatments, in addition to 
identifying signs and symp
toms. 

Human activities have al
tered ecosystems in many parks. 
All too frequently, problems 
caused by these alterations are 

undiagnosed. Until the prob
lems are diagnosed, and the 
causes at least tentatively identi
fied, effective development and 
testing of treatments cannot 
begin. Preventive actions cannot 
start until reasonable options 
are identified. The ecological 
equivalent of setting broken 
bones, binding open wounds 
and treating bacterial infections 
goes on, but monitoring is 
needed to develop diagnostic 
and prescriptive methodologies 
for system-threatening 'cancers'. 

Our present knowledge of 
ecosystem management is 
roughly equivalent to that of 
17th century medicine when 
William Harvey first discovered 
the true function of the heart 
and circulatory system. Long-
term ecological monitoring is 
the first step in learning how to 
assess ecosystem health. It will 
be used to define normal limits 
of variation, diagnose impair
ment and develop preliminary 
treatments. 

A physician knows what 
vital signs of a patient to moni
tor, but ecological vital signs 
have yet to be identified. Physi
cians measure parameters such 
as pulse rate, blood pressure, 
temperature and weight. From 
these, they can determine 
present health and project near-
term future health. Similar mea
sures for ecosystems are un
known. Physicians can interpret 
their findings because they 
know the normal (healthy) lim
its of the parameters they moni
tor. Long-term research and 
clinical observations (monitor
ing) of patients provided nor
mal values and critical limits of 
these parameters. Normal limits 
of variation in ecosystems are 
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virtually unknown. Monitoring 
is the quickest and surest way to 
find parameters and the limits 
of their variation that can serve 
as ecological "vital signs." 

Park Management: A 
Multi-Disciplinary 
Experiment 

All members of the park 
staff share a common goal-
maintenance of healthy ecosys
tems. The care needed to 
achieve that goal requires a 
variety of professional skills, 
including both managerial and 
scientific. All members of the 
park staff play important but 
distinct roles in perpetuating 
park resources. 

Development of monitoring 
protocols is an experimental 
endeavor conducted by research 
scientists. No universal "off the 
shelf" technologies exist to as
sess ecosystem health. Original 
research must discover what 
and how to monitor. Scientists 
need to identify the "vital signs" 
of park ecosystems and develop 
techniques to monitor them. 
Using the scientific method, 
they can then define normal 
conditions and develop treat
ments to mitigate human im
pacts on ecosystems. 

However, implementation 
of natural resource monitoring 
is a perpetual operational mat
ter, like visitor center operations 
and facilities maintenance. As 
such it is best managed by su
perintendents and conducted by 
resource specialists, park rang
ers and other field personnel. 

Superintendents are re
sponsible for setting local policy 
and priorities. They direct and 
integrate the efforts of the entire 

park staff (including research 
scientists) to assure perpetua
tion of unimpaired park re
sources. They focus attention on 
critical issues, and formulate 
strategic and tactical plans to 
resolve them. Finally, they con
trol and set priorities on fiscal 
resources. Superintendents are 
ultimately responsible both for 
knowing the condition of park 
resources and for directing ef
forts to sustain them. 

Research Scientists conduct 
original research to create new 
knowledge of park ecosystems. 
They design monitoring proto
cols and develop new tech
niques for assessing ecosystem 
health. They investigate 
changes, and through experi
mental, manipulative research, 
determine causative agents. 
They develop and test new 
treatments to cure or relieve 
system dysfunction. Research 
scientists also help resource 
specialists analyze monitoring 
data and synthesize it in re
source status reports. They 
verify validity of monitoring by 
publishing results in profes
sional journals. 

Resource Specialists imple
ment monitoring protocols as an 
operational responsibility. They 
monitor ecosystem health 
through periodic sampling, and 
maintain complete and accurate 
records. They recognize symp
toms, diagnose abnormal re
source conditions, prescribe 
treatments and evaluate the 
results of those treatments. 
While monitoring requires sci
entific training to test and im
prove techniques and to inter
pret results, it is not research. 
Resource specialists work 
closely with research scientists 

in analyzing and interpreting 
monitoring data. They work 
with other park staff to ensure 
accurate applications of data to 
management issues and inter
pretive programs. When re
source specialists help with 
monitoring design studies, they 
gain an added appreciation for 
the strengths and weaknesses of 
the protocols. 

Park Rangers identify overt 
threats to park ecosystems such 
as toxic spills. They provide 
immediate, practical treatments 
to reduce acute problems and 
temporarily stabilize the situa
tion. They "hold the fort" and 
protect human-stressed ecosys
tems until long-term treatments 
can address underlying causes. 
Interpretive rangers are like 
public health officials who pre
pare and distribute information 
about epidemics and recom
mend preventive actions and 
treatments. They interpret sci
entific findings about park eco
systems and explain their sig
nificance. They also develop 
ways to explain park values, 
and threats to those values, to 
give a wide cross section of the 
American public an adequate 
understanding of park issues. 

Maintenance personnel 
keep equipment operating and 
provide transportation and 
other logistical support. Like 
field rangers, they also see re
source conditions firsthand and 
foresee potential effects of facili
ties construction and rehabilita
tion projects. For example, they 
monitor site specific, or ad hoc, 
resource conditions such as 
erosion associated with park 
facilities, roads and trails. They 
watch over public health con
cerns such as potable water and 
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sewage treatment. In doing this, 
they constitute an important 
part of a park's resource moni
toring effort. 

Monitoring Design 

Design of a long-term moni
toring program begins with a 
conceptual model of the park 
ecosystem. This model should 
consist of an exhaustive list of 
mutually exclusive system com
ponents and a description of 
their relationships. From com
ponents such as birds, vascular 
plants and water, representative 
elements (e.g., species and wa
tersheds) are selected and tested 
for monitoring. The adequacy of 
existing resource inventories 
should become apparent at this 
stage. Certainly not all parts of 
the ecosystem need monitoring, 
but the list of components 
should include all biotic and 
abiotic resources and the pro
cesses by which they interact 
(Table 1). 

There are several legitimate 
ways to describe and monitor 
ecosystem dynamics. Among 
the more useful for diagnostic 
monitoring are assessments of 
pollutant and natural constitu
ents, and measures of popula
tion dynamics and biodiversity. 
Perhaps the simplest approach 
is to consider plant and animal 
populations and constituents of 
air, water and soil as the basic 
components of park ecosystems. 
Monitoring representative ele
ments of these components will 
determine the nature and extent 
of system dynamics sufficiently 
for management purposes. 

Measures of population 
dynamics offer a good solution 
to monitoring the biological 

elements of park ecosystems. 
Parameters of populations such 
as abundance, distribution, age 
structure, reproductive effort 
and growth rate are relatively 
easy to measure. Many of them 
are sensitive to subtle, chronic 
stress, and permit projection of 
future conditions. This ap
proach is also sensitive to a 
wide variety of environmental 
conditions because organisms 
integrate the effects of influ
ences like predation, competi
tion and pollution. They express 
their responses to these influ
ences as relatively easily mea
sured population parameters. 

This integration, however, 
prevents certain identification of 
causation and accurate predic
tions of system behavior based 
on monitoring observations 
alone. Even though population 
monitoring is not the quickest 
or surest way to determine cau
sality, it provides an unparal
leled indication of future condi
tions. 

Parameters such as age 
structure and reproduction 
permit projections of future 
conditions, providing early 
warnings of pending problems. 
Reduced growth and reproduc
tive rates often reflect subtle, 
chronic stresses. Synthesis into 
system-level applications and 
interpretation of population 
parameters is relatively direct. 
Many management controls 
also operate at the population 
level, so application to manage
ment issues is direct and mea
surable. 

Biodiversity is an important 
attribute of ecosystems. It func
tions at many levels: genetic, 
individual, population, commu
nity and even ecosystem. How

ever, the repeated inventories 
required to measure and moni
tor biodiversity are expensive 
and difficult to conduct. They 
require highly skilled surveyors 
to find and identify the ele
ments of diversity. Alone, re
peated inventories do not meet 
the goals of diagnostic monitor
ing. At the species level, diver
sity is not very sensitive to envi
ronmental stresses and provides 
only a record of the past. 
Changes in diversity are also 
hard to assess, ambiguous to 
interpret and difficult to apply 
to management issues. 

Selecting chemical and geo
physical constituents, biological 
taxa and processes to monitor 
are probably the most perplex
ing decisions in designing a 
monitoring program. The actual 
selections will vary among 
parks, but the goal is the same 
for all systems. It is a represen
tative sample of elements that 
characterizes the structure and 
function of the entire ecosystem. 
A Delphi approach works well. 
Experts on each component 
identified in the conceptual 
model independently apply 
selection guidelines. These se
lections are then reviewed and 
modified through workshops 
and symposia, and finally field 
tested during design studies. 

An effective program to 
monitor the dynamics of na
tional park ecosystems and 
diagnose problems will require 
a combination of techniques. 
Measurements of population 
dynamics in relationship to 
changes in physical and chemi
cal environmental factors is the 
most promising. The step-down 
plan shown in Figure 1 outlines 
a generic process for developing 
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Table 1. Ecosystem components potentially useful for assessing system 
health: selection of components and parameters for monitoring is 
dependent on individual system structure and threats to system integrity. 

Components 

Geo-physical Resources 

Geologic 

Hydrologic 

Meteorologic 

Extreme Events 

Parameters 

Nature, extent, and duration of the event 

Biological Resources 

Microorganisms 

Plants 

Animals 

Abundance, distribution, reproduction, recruitment, growth rate, 
mortality rate, phenological events, SO4 ~, PO4 ~, CI", NO3", NH4 , 
K + , N a \ Ca* + , Mg* + , SO2, CO2, O3, HNO3, NH3, NOx, trace 
metals, TSP, and halogenated hydrocarbons. 

Abundance, distribution, age structure, reproduction, recruitment, 
growth rate, mortality rate, phenological events, SO4 ~, PO4 ~, CI", 
NO3", NH4 + , K+ , Na + , Ca + + , Mg^" + , SO2, CO2,03, HNO3, NH3, 
NOx, trace metals, TSP, and halogenated hydrocarbons. 

Abundance, distribution, age structure, reproduction, recruitment, 
growth rate, mortality rate, phenological events, SO4 ~, PO4 ~, CI", 
NO3", NH4

 + , K + , Na + , Ca + + , Mg* + , SO2, CO2,03, HNO3, NH3, 
NOx, trace metals, TSP, and halogenated hydrocarbons. 
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Air temperature, wind speed and direction, relative humidity, 
barometric pressure, ionizing radiation, precipitation, pH, 
conductivity, S0 4

 = , P 0 4
 = , CI", NO3", NH4

 + , K + , Na + , C a + + , 
Mg+ + , SO2, CO2, O3, HNO3, NH3, NOx, trace metals, TSP, and 
halogenated hydrocarbons. 

Soils, detritus, pH, conductivity, SO4 *", PO4 " , CI", NO3", NH4 + , K + , 
Na + , Ca + + , Mg + + , SO2, CO2,03, HNO3, NH3, NOx, trace metals, 
TSP, and halogenated hydrocarbons. 

Streams, lakes, wetlands, groundwater,estuaries, bays, coastal 
oceans, temperature, turbidity, stage, flow, discharge, pH, 
conductivity, S04 = , P04 = , CI", NO3", NH4 + , K + , Na + , C a + + , 
Mg+ + , SO2, CO2, O3, HNO3, NH3, NOx, trace metals, TSP, and 
halogenated hydrocarbons. 



Figure 1. A STEP-DOWN PLAN FOR DEVELOPMENT OF NATURAL RESOURCES 
MONITORING PROGRAMS IN UNITS OF THE NATIONAL PARK SERVICE 

GOAL 
Develop and institute a natural resources monitoring program 

that will provide a rational basis for making management decisions 
by: 

determining present and future health of park ecosystems, 
establishing empirical limits of variation in park resources, 

providing early diagnosis of abnormal conditions, 
and 

identifying potential agents of abnormal change. 

1. Develop a Conceptual 
Model of Park Ecosystems. 

1.1. Set 
limits 
(boundaries) 
on park 
systems. 

1.2. 
Inventory 
park natural 
resources. 

1.3. Make an 
exhaustive 
list of 
mutually 
exclusive 
components. 

2. Conduct Design Studies. 4. Analyze & Apply Results. 

1.4. Identify 
relationships 
among 
system 
components. 

2.1. Select 
critical 
components.1 

2.1.1.Establish 
selection 
criteria. 

2.2.Set 
component 
priorities. 

2.3.Design 
monitoring 
protocols. 

2.1.2.Appy 
criteria to 
syslem 
components 

3.1.Obtain 
base-funding. 

3.2.0btain 
personnel, 

3.3.Imple
ment 
monitoring 
protocols. 

4.1. 
Synthesize 
information. 

3.2.2.Prepare 
position 

S perform, 
standards. 

3.2.3.Recruit 
& hire 
personnel. 

3.2.4.Establish 
career ladder 
and training 
program. 

4.2. Determine 
desired 
conditions. 

4.3. Compare 
conditions & 
identify 
options. 

4.2.2. Determine 
political realities 
& constituency 
needs. 

2,2.1.Review 
appropriate 
legislation, 
executive 
orders, & 

2.2.2.Conside 
threats to 
park 
ecosystems. 

4.1.1.Determine 
historical or 
normal 
values. 

4.1.2.Conipare 
current & 
historical 
values. 

4.1.3.Examine 
values & 
variations (or 
correlated 
patterns in 
space & lime 
with ether 
components, 
events & 
threats. 

4.1.4. Prepare 
annual report 
on status of 
park resources. 

See Table 1 for list of potential components. 

3. Monitor System Health. 

1.2.1. 

literature 
for 

& 
distribution. 

1.2.2. 
Conduct 
field 
surveys for 
poorly 

resources. 

1.2.3. 
Maintain 
voucher 
specimen 
collection. 

1. 3. 1. 
Determine 
appropriate 
geographic 

1.3.2. 
Determine 
appropriate 
taxoncmic 
divisions. 

4.2.1. Examine 
law, policy, and 
historical 
commilmenls 
(GMP, RMP). 

3.2.1.Determine 
kno-/.ledge a 
Skills required. 

2.3.3.Select 
a test data 
acquisition 
systems. 

2.3.2.Select 
component 
parameters 
to monitor. 

2.3.1. Review 
scientific 
literature. 

2.3.4.Establish 
data admin
istration 

2.3.S.Prepare 
standardized 
report 
formats. 

2.3.6. 
Demonstrate 
protocol 
efficacy. 

2.2.3.R*view 
knowledge 
of each 
component. 

2.2.4. Review 
monitoring 
technology 
for each 
component. 

2.2.5.Consider 
other agency 
responsibilities 
A programs. 

3.1.1.Market 
monitoring 

3.1.2. 
Establish 

for 
resources. 

3.1.3.0btain 
scientific & 
manage
ment 
review. 



natural resources monitoring 
programs in parks. This model 
is based on experience from 
designing a monitoring pro
gram for Channel Islands Na
tional Park, California. Addi
tional information is available 
on design considerations and 
detailed monitoring protocols 
(see "Who Can You Turn To?"). 

Park ecosystems are dy
namic. They are confusing and 
difficult to understand. But we 
cannot ignore or avoid them; we 
are part of them. To survive, we 
must learn to understand the 
consequences of our collective 
actions upon them. Monitoring 
natural resources is the first step 
of a long process we must begin 
soon, or frozen by uncertainty 
about their dynamics, we will 
soon lose the inherent values of 
parks. 

Gary E. Davis is a Research Ma
rine Biologist at the Cooperative 
Park Studies Unit, University of 
California, Davis. He is assigned to 
Channel Islands National Park, 
California. 
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Using Geographic Information Systems 
to Manage Natural Resources 

by Phil Wondra, Ph.D. 

I
t is essential that park 
managers know the 
nature and condition of 
the resources under 

their care and have means of 
detecting and documenting 
changes, and the origins of 
those changes. With parks in
creasingly surrounded by al
tered environments and experi
encing externally caused im
pacts on park resources and 
values, and with growing 
awareness of the impacts of 
human activities within the 
parks, resource inventorying 
and monitoring activities are 
absolutely necessary as the basis 
of park management. 

Simply put, to determine 
appropriate management ac
tions, park managers must 
know what resources they have, 
how they interrelate, how they 
change over time and how those 
changes correlate with modern 
human activities. Inventory and 
monitoring data are essential to 
establish levels and trends in 
biological diversity; to deter
mine our fidelity or deviation 
from desired resource condi
tions; to assess the impacts of 
human influence; and to select, 
and predict the consequences of 
management actions. 

The basis to understand and 
assess alternative solutions for 
park resource management 
issues requires a usable resource 
inventory (A usable resource 
inventory is a quality assured, 
computerized data base with a 
variety of integrated data 
themes to which analytical/ 
geographic information system 
methods can be applied, e.g., 
correlation, coincidence, model
ing, etc.). Such computerized 
data bases have been con-

Themes used for spotted owl habitat analysis at North Cascades National 
Park. Vegetation pattern is derived from satellite imagery and field checking, 
and slope and elevation contours derived from digital elevation data. 

structed by the Geographic 
Information Systems Division of 
the National Park Service (NPS) 
in cooperation with regions and 
parks and are currently being 
used in several dozen parks to 
address resource management 
issues. 

A major benefit of comput
erization is that the myriad of 
park resource information is 
integrated. This integration 
results in a link or communica
tion among data themes and 
thus communication among the 
various park resource manage
ment programs and activities. 
The linking of various program 
data is critical to the efficient 
use of data for multiple resource 
issues. 

For instance, an integrated, 
computerized data base could 
provide a plant ecologist study

ing species decline with data 
such as soil type; acid deposi
tion; air quality; rainfall; eleva
tion, slope and aspect data; and 
proximity and coincidence with 
visitor activities, vegetation 
type, wildlife habitat or hydro-
logical features. A wildlife bi
ologist could use much of the 
same information together with 
limited sighting data on an indi
vidual species to identify poten
tial habitat for this species 
throughout the park. Without 
computerization these data 
would reside in file drawers or 
reports in separate offices and 
usually only come together 
through happenstance. 

What is a GIS? 

Everything happens some-
where-a geographic location of 
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Potential spotted owl habitat at North Cascades National Park based on 
coincidence of vegetation types, slope and elevations associated with known 
habitat. 

any feature of a map is a unique 
"hook" to which all other data 
sets can be tied and provides 
the common link between them. 
A GIS is a collection of com
puter-based data that makes use 
of this spatial hook as a method 
of organizing and integrating 
data for analysis. In other 
words, a GIS is an automated 
system for creating, managing, 
analyzing and displaying spa
tially referenced (e.g., mapped 
or mappable) data about a 
park's resources and facilities. A 
GIS data base is designed or 
organized using the fact that 
everything happens somewhere 
by storing simple cartographic 
features (points, lines, cells and 
polygons) in association with 
tabular data (attributes). 

Each type of geographical 
information is called a "theme." 

Some examples of themes are 
vegetation, topography, soils, 
utility lines, traffic incidents, 
roads, trails, cultural sites, 
boundaries, etc. 

The categories within a 
theme are usually called classes 
- e.g., theme: vegetation, 
classes: Ponderosa pine forest, 
Douglas fir forest, alpine tun
dra, etc. 

Descriptive or attribute 
information on each theme, and 
classes within a theme, is com
puterized in a tabular or textual 
data base and is interlinked by 
geographical location. 

To illustrate the concept of a 
GIS theme, it is useful to think 
of any artist's painting as an 
analogy for a theme. That is, the 
painting is a map of thematic 
data yet the interpretation or 
analysis of the painting can 

yield varied data such as size, 
color, shape, etc. of images in 
the painting. Hence the theme 
(painting) contains both spatial 
and descriptive data. The con
cept of an attribute data base for 
each theme or class within a 
theme can be explained in the 
painting analogy as descriptive 
data on the artist, his/her tech
nique and the time, location and 
subject of the painting. 

The computerized structure 
is very effective in creating, 
managing, analyzing and dis
playing GIS information. As 
more themes are added, or ex
isting themes are updated, the 
data base grows and becomes 
ever more useful and powerful. 
Information resulting from 
analysis of these themes yields 
new, derived themes that can 
form a sound scientific base for 
resource management and strat
egy implementation. These de
rived themes can also be used 
for other applications. 

Vegetation/landcover map
ping, one of the most basic re
source elements in park man
agement, can be derived from 
image analysis and GIS process
ing of satellite imagery and 
through photointerpretation of 
aerial photography. These are 
major functions of the GIS Divi
sion that provide basic inven
tory information and when 
performed at regular time inter
vals provide a basis for monitor
ing vegetation/land-cover 
change (i.e., conditions of basic 
park and environs). 

A GIS is especially efficient 
in addressing questions which 
involve simultaneous analysis 
of multiple themes or quantify
ing and deriving statistics on 
single or multiple themes. 
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Operational Status in 
the National Park 
Service 

The National Park Service is 
directing a rapidly expanding 
GIS program. As recently as 
1987, there were only four parks 
with operational GIS's. Today 
there are nearly 30 operational 
installations, and many more 
parks have the beginnings of a 
GIS or are looking to install GIS 
technology in the next one to 
three years. 

The National Park Service 
began using GIS technology in 
the mid-'70s. The early effort 
was directed toward the use of 
remote sensing (satellite imag
ery and aerial photography) to 
derive project specific resource 
data. These data were combined 
with other digitized map data 
which were subsequently used 
in a GIS for analyses. These 
project specific data bases quite 
often fell into disuse because the 
data were not usable for other 
issues or the park was not ca
pable of performing its own 
analysis. 

In 1984, this changed sig
nificantly when the Park Service 
strengthened and redirected its 
GIS program. A Servicewide 
organization was established 
with responsibility for policy, 
standards and technical support 
for appropriate technology and 
techniques and data base con
struction. As a consequence, GIS 
efforts have been directed at 
developing comprehensive 
parkbased GIS's. Simulta
neously and perhaps more sig
nificantly, several parks were 
pushing hard to develop GIS 
data bases and use the technol

ogy to assess alternative solu
tions to resource management 
issues. 

The park interest and com
mitment together with the 
Servicewide support for com
prehensive park-based GIS data 
bases was a serendipitous and 
synergistic event. This resulted 
in several early successes. Spe
cifically, large data bases and 
operational use of GIS were 
established at Yosemite Na
tional Park, Shenandoah Na
tional Park, Glacier National 
Park, Yellowstone National 
Park, Santa Monica Mountains 
National Recreation Area and 
Saratoga National Historical 
Park. 

What is the NPS GIS 
Program? 

The NPS GIS program is 
park-based. Park management 
supports its interest in using 
GIS with a commitment to staff
ing and funding. Parks fund 
data acquisition, digitizing of 
data, field work to verify data, 
training, salaries and hardware 
acquisition and maintenance. 
Centralized, Servicewide sup
port is provided for technical 
assistance and data base con
struction by the GIS Division. 
Technical assistance is provided 
for data acquisition, contracting 
for digitizing, hardware acquisi-

Potential grizzly bear sightings at North Cascades National Park based on 
cover type and diversity associated with past sightings. 
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tion and installation and soft
ware use. Data base construc
tion support is provided for 
production of thematic maps of 
land use and land cover using 
traditional and contemporary 
photointerpretation technology 
and construction of classified 
digital files of land use and land 
cover from satellite and other 
airborne imagery. In addition, 
Servicewide standards have 
been promulgated for vector 
and raster data base construc
tion. The Servicewide program 
supports public domain soft
ware -(GRASS and others) which 
operate in the UNIX environ
ment. 

Applications 

The NPS uses a totally inte
grated approach to remote sens
ing and GIS. GIS techniques 
have been used in image pro
cessing to improve classifica
tions while results of image 
processing classifications have 
been used in GIS analyses. For 
large/medium sized parks, 
landcover information is typi
cally derived from satellite im
agery and the results are uti
lized in a digital data base for 
subsequent GIS applications. 
Other data required for specific 
applications may be derived 
from photo interpretation of 
aerial photos (interpreted, 
mapped and digitized), process
ing of existing digital data (e.g., 
DEM's, DLG's, etc.), digitizing 
existing mapped information 
and/or survey data (point data 
with appropriate attributes) 
brought in from relational 
DBMS files. During this data 
base construction/application 
process, the data are typically 

Environmental impact statement analysis for impact of existing and potential 
mining activity at Wrangell-St. Elias National Park. Vegetation was derived 
from satellite imagery; existing disturbed area was derived from aerial 
photography, and potential mining disturbance at mine site claims and on 
stream claims. 

moved between several differ
ent software systems taking 
advantage of the unique capa
bilities or efficiencies of each 
system. 

A specific example is the 
case at North Cascades Park 
Complex in Washington. Veg
etation information ("map
ping") was needed for many 
park management activities. 
LANDSAT data were processed 
in conjunction with DMA topo
graphic data and digitized pre
cipitation isopleths. The result
ant data base of multispectral 
classes, elevation, slope, aspect 
and precipitation zones were 

modeled to produce a 21-class 
vegetation file. The vegetation 
file was reclassified to produce 
two different sets of fire fuel 
models. 

Following these applica
tions, vegetation and topo
graphic information were used 
to model potential habitat for 
bald eagle and peregrine falcon 
based on known habitat condi
tions. More recently the poten
tial for sighting grizzly bears 
was determined by entering 
grizzly bear sightings from a 
relational DBMS file and statisti
cally compared with environ
mental factors for an equal 
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number of random points. 
There was a statistically signifi
cant correlation between vegeta
tion and grizzly bear sightings. 
Further analyses showed that 
vegetation diversity also was 
statistically correlated with griz
zly sightings and was used for 
the "final" modeling of poten
tial grizzly bear habitat. 

Hydrography, transporta
tion and boundary information 
are presently being added from 
DLG files to perform applica
tions related to hydrology, 
landuse and viewshed analyses. 
The situation at North Cascades 
is typical for many areas in the 
NPS. Image processing of satel
lite data, used in conjunction 
with other data sources, is per
formed to derive vital vegeta-
tion/landcover files. These are 
then used with other data 
sources to form the keystone 
elements of a GIS data base 
from which a variety of resource 
management applications can 
be performed. 

Examples of the breadth 
and depth of GIS applications in 
the National Park Service is 
shown in the listing below. A 
review of these park applica
tions indicates that, although 
these analyses may have been 
possible using manual analysis 
techniques, they probably 
would not have been done be
cause of time or staff limita
tions. 

• Predicting gypsy moth 
defoliation patterns in 
Shenandoah National Park. 
• Determining the resource 
values-at-risk in real-time 
fire decisions (suppress or 
let burn) in Yosemite Na
tional Park. 

Environmental impact analysis for impact of existing and potential mining 
activity at Denali National Park. Caribou Creek study area shows coincidence 
of cultural sites and mining claims. 

• Development of first accu
rate base map, scheduling 
the maintenance grass 
mowing and restoration of 
historic landscape in 
Saratoga National Historical 
Park. 
• Assessing mining impacts 
for Mineral Management 
Plans for Wrangell-St. Elias 
and Denali National Park 
and Preserve. 
• Developing a toxic ele
ment sampling plan in each 
of the major vegetation 
zones in North Cascades 
National Park. 
• Providing a 3-D view of 
Great Basin National Park 
for a visitor center interpre
tive display. 
• Assessing effects of alter
native water flow scenarios 
on natural resources in Ev
erglades National Park. 
• Determining the relative 
value to grizzly bears of 
various habitats in 
Yellowstone National Park. 
• Determining the area 

outside of the park that 
could be seen from interpre
tive viewpoints in Antietam 
National Battlefield for state 
and local land protection 
planning/zoning. 
•Delineation of optimal 
road alignment between an 
existing road and a pro
posed visitor center at Great 
Basin National Park. 
• Integration of grizzly bear 
sighting data into vegeta
tion cover data to determine 
potential grizzly bear occur
rence in North Cascades 
National Park. 
•Assessing the change in 
vegetation and habitat 
caused by cloud seeding to 
increase the snow pack in 
Yosemite National Park. 

Dr. Phil Wondra is Chief of the 
NPS Geographic Information Sys
tems Division, the Servicewide 
program office for GIS implementa
tion. The office is located in Den
ver, Colorado. 
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Beyond Turf: Regional 
Approaches to Conservation 

by Laurie A. Wayburn 

T his year, 1990, marks 
the one hundredth 
anniversary of 
California's National 

Parks. While we celebrate these 
great living monuments to the 
spirit of wilderness (and the 
foresight of those who estab
lished them), this time also 
brings sharp and inescapable 
knowledge of the profound 
difference in the world in which 
these parks now exist compared 
to that in which they were 
founded. A good look at the 
state of the parks and other 
protected areas shows both their 
critical role in conserving bio
logical diversity (a function not 
understood or foreseen at the 
time they began) and also some 
significant shortcomings in their 
design. 

Perhaps most critical in this 
regard is the change in the con
text-geographical, political, 
social and biological- in which 
parks are increasingly found. 
With the rapid expansion of 
human populations in this 
country, especially since the 
1950s, many parks have become 
isolated fragments of natural 
habitat surrounded by, im
pacted by or subjected to in
tense human use. Perhaps the 
greatest problem now facing 
park managers is how to protect 
the resources, particularly liv
ing resources and the natural 
processes by which they evolve, 
for which the parks were estab
lished. 

By recognizing, understand
ing and working with regional 
contexts surrounding the parks 
and the many different players 
and forces involved, protected 
areas managers stand a greater 

chance of ensuring their parks' 
continued survival and health 
as reservoirs of biological diver
sity. 

Changing Context, 
Multiplying Challenges 

Most, if not all, park manag
ers are all too familiar with the 
problems of development im
pacts on their parks. The symp
toms, expressing the exact op
posite of the parks' reasons for 
being, are like the chorus in a 
Tom Lehrer song: 

"Introduction of exotics, 
pollution of the air, 
development on the bor
ders, clearcuts of the views, 
diversion of the waters... 
Overuse? It's everywhere!" 
In many cases, when a park 

was initially established, be it 
state or federal, it was far from 
the madding crowd, in a place 
of extraordinary beauty, often in 
the mountains with great vistas 
and expanse. The borders usu
ally encompassed only the 
choicest of the resources...the 
peaks and glaciers or the gey
sers and other unusual natural 
phenomena...but not the whole 
of the ecosystem involved. (As a 
concept, this was not even really 
recognized until well into the 
20th Century.) Given the rela
tive sparseness of human settle
ments and the general mode of 
resource use in the parks' sur
rounding areas — generally 
natural resource dependent, 
either renewable, such as ranch
ing or logging, or non-renew
able, such as mining — it was 
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Tlte Farallones, Alcatraz, and Golden Gate National Recreation Area form part 
of the Central California Coast International Biosphere Reserve. 
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not felt either neces
sary or desirable to 
extend the borders 
of the parks to areas 
outside the "main 
attractions." 

Additionally, 
with time, the pat
tern of land and 
resource rights 
ownership for areas 
adjacent to the 
parks changed. A 
mosaic of different 
ownership, both 
public: federal, 
state, municipality; 
and private: indi
vidual, corporate or 
even nonprofit -
emerged on the 
contiguous land
scape. Towns and 
even urban centers 
approach the bor
ders of major na
tional parks. Mines 
and dams affect a 
series of parks, par
ticularly in the west. National 
Forests and Wildlife Refuges are 
often along park borders as are 
state parks and recreation cen
ters. Each of these has a differ
ent mandate, some within the 
public trust and some well out
side it, but all definitely impact
ing publically held resources. 

Not infrequently, resource 
use and management conflicts 
emerge, even within areas un
der joint federal aegis. Recent 
examples include range and 
timber management in the Yel
lowstone, Olympic and 
Yosemite National Parks, and 
air resource management (both 
for quality and overflight use) 
in the Grand Canyon. In each 
case, the integrity of the biologi

st LANDSATphoto shows the regional context of the Central 
California Coast International Biosphere Reserve. 

cal resources of the national 
parks are at risk. Clearly, some
thing more than the parks' ini
tial borders- and perhaps more 
than their jurisdiction under 
enabling legislation- are needed 
for effective protection. It is 
unlikely, however, that funds 
will be available for all the ac
quisition necessary, when pos
sible. Further, even with ex
tended borders, the parks will 
eventually stop and the prob
lems will remain. 

It is not by physical means 
alone that the tremendous prob
lems facing anyone concerned 
with the protection of biological 
diversity will be solved. This is 
particularly evident when one 
examines such systemic prob

lems as loss of 
biological diver
sity, and their 
causes-including 
widespread air 
and water pollu
tion, habitat frag
mentation, loss of 
wintering grounds 
for migratory 
birds or even glo
bal phenomena 
such as warming 
or sea level rise. 
These latter poten
tial phenomena 
would radically 
alter the biological 
and physical land
scape in ways that 
could dramatically 
affect parks from 
Alaska to Appala-
chia and especially 
on the coasts such 
as for the Ever
glades or Point 
Reyes. 

More creative 
solutions, ones that deal prima
rily with the human side of 
resource management are 
needed. Broad-scale education 
and cooperation across entire 
bio-regions, and indeed bio-
cultural regions, are needed. 
Managers need to identify and 
work with a wide spectrum of 
constituencies and resource 
users /impactors. The bio-region 
may be extensive. For example, 
with the Golden Gate National 
Recreation Area, this includes 
all the territory up to the Sierran 
crest, crossing the Central Val
ley. The source region for user 
impacts, when one considers 
over-visitation, is often multi-
regional or national (as it is for 
Golden Gate). The region of 
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impact source (for pollutants in 
air, soils and water) may well be 
international, as for the 
Adirondacks with acid rain. 

Human Solutions for 
Natural Dilemmas 

There is a system in place 
that recognizes many of these 
problems and provides a frame
work for addressing them, that 
of the Biosphere Reserves. De
signed as systems to conserve 
biological diversity (which the 
parks were not), Biosphere Re
serves are uniquely suited for a 
cooperative and regional ap
proach to conservation. They 
provide a system which is con
sensus based (networking 
rather than hierarchical) and 
incorporates all the different 
user groups in the 
Reserve...other agencies, re
search institutions, citizens 
groups, leaseholders...everyone 
who has a stake in'preserving 
the quality and health of the 
Reserve. Biosphere Reserves are 
designed (ideally) at the ecosys
tem level. They address, from 
the beginning, the problems of 
incorporating the full range of 
required habitat. Reserves also 
work with flexible borders, rec
ognizing that habitats are dy
namic in time and space. There 
is an international cooperative 
component as well, recognizing 
that problems and concerns in 
protecting biological diversity 
are increasingly global in scope. 

The scientific basis of the 
system also recognizes and in
corporates the rapidly changing 
nature of threats to the parks 
system'. Four main themes un-

The challenges 
confronting park 

managers in 
conserving 
biological 

resources of 
parks are clearly 

so vast that 
regulatory and 

enforcement 
systems alone 

won't be 
sufficient or 
affordable. 

derlie the scientific program, all 
applied to practical problems 
and oriented to understanding 
future trends as well as docu
menting present status. They 
are: 

•ecosystem function under 
differing intensities of hu
man impact, 
• management and restora
tion of human impacted 
resources, 
•human investments and 
resource use, and 
• human response to envi
ronmental stress. 
Finally, Biosphere Reserves 

are built around the principle 
that people are part of the sys
tem and that one must work 
with them as essential partners. 
(As the motto goes: parks were 
designed for people protection 
and resource management, but 
now we need people manage
ment and resource protection). 
As people are the sources of 
most of the significant problems 
affecting protected areas, they 
are also the primary solution. 

Equally, people do care 
about and value their parks. If 
well informed about the prob
lems, and incorporated in the 
problem-solving, they will par
ticipate in the solutions...be they 
in other agencies or outside the 
formal park and protected area 
system. The challenges con
fronting park managers in con
serving biological resources of 
parks are clearly so vast that 
regulatory and enforcement 
systems alone won't be suffi
cient or affordable. Cooperation 
and integration, across agencies, 
scientific disciplines and park-
community borders, is a central 
tenet of Biosphere Reserves and 
this provides part of the answer. 

Cases in Point 

Several examples show the 
utility of the Biosphere Reserve 
approach...both from the "natu
ral" and the "human" aspect: 
Yellowstone, Great Smokies and 
the Golden Gate/Point Reyes 
complex. In Yellowstone, the 
reserve concept was used to 
argue for the extension of park 
boundaries and to create a Co
operative Agreement between 
the Forest Service and others of 
the Greater Yellowstone Ecosys
tem. The Great Smokies has 
become part of the Southern 
Appalachian Biosphere Reserve, 
teaming up with the Tennessee 
Valley Authority, the Forest 
Service, the University of Ten
nessee and others to provide a 
regional perspective and coop
erative base for problem solving 
and public education. The Cen
tral California Coast Biosphere 
Reserve, which encompasses 
two national park units, two 
national marine sanctuaries, 
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three state parks and two mu
nicipal water districts as well as 
one national wildlife refuge is a 
good example of a people-ori
ented reserve. There is a local 
population of 6 million, and 
roughly 19 million people visit 
the reserve each year. 

At the least in each of these 
cases, the reserve provides a 
common ground for discussion, 
a forum for airing problems and 
concerns, and an opening for 
cooperative action. At the best, 
it can serve as a base for much 
more efficient communication 
and effective action within eco
systems across jurisdictional 
bounds and catalyze commu
nity cooperation. For managers, 
reserves provide a structured 
approach to incorporating addi

tional necessary expertise in 
their research programs, as well 
as a bridge to surrounding com
munities. This may be done 
through the formation of Advi
sory Councils to the Reserve. 
(Many parks have non-profit 
support associations already, 
recognizing the need for outside 
cooperation.) Councils may be 
auxiliary, complementary or 
incorporated into existing coop
erative bodies. 

No Panaceas, Just 
Common Sense 

All of the above sounds well 
and good in theory, but its prac
tice takes a lot of time, espe
cially time talking to people or 
otherwise communicating your 

plans. One must also be willing 
to modify one's plans, as well, 
to accommodate cooperators 
(what one park official com
plained of as administrativia). 
So why bother? As another col
league in park management 
said, "All the easy solutions to 
problems...like going out and 
shooting a rogue bear inthe 
'40s...are over. It actually helps 
to talk to your neighbors to find 
common solutions to shared 
problems." 

You might even enjoy it! 

Laurie A. Wayburn is Executive 
Director of The Point Reyes Bird 
Observatory, Stinson Beach, Cali
fornia, and Coordinator of the Cei 
tral California Coast Biosphere 
Reserve 
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