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Abstract 
A workshop was held in May 1988 to develop recommendations for 

perpetuating and enhancing biological diversity in the parks of the 
National Park System. Workshop participants included selected 
university scientists, National Park Service administrators, scientists, and 
resource managers, and representatives from the National Science 
Foundation, the Office of Technology Assessment, the U.S. Fish and 
Wildlife Service, the U.S. Forest Service, and the Canadian National 
Parks Service. This report synthesizes the discussions and 
recommendations of the workshop. 

Two keynote addresses were presented at the beginning of the 
workshop: one by a university scientist, Dr. Dan Goodman, and the other 
by a National Park Service manager, Mr. Boyd Evison. Dr. Goodman 
proposed a general framework to bring the Park Service's policy and 
science complex together to enhance conservation biology in the national 
parks. Mr. Evison suggested that great care should be taken any time we 
consider modifying an ecosystem, and that cooperative efforts are needed 
to develop adequate inventory and monitoring systems in the National 
Park Service. 

Six working groups then convened to address the following subjects: 
management policies and issues, inventorying and monitoring, viable 
populations, human disturbances, dynamic processes, and integrating 
parks into larger units. Each group refined its issue and developed specific 
recommendations for the National Park Service. The most general 
problems defined across all groups included (1) lack of adequate 
knowledge and understanding of biological processes; (2) the increasing 
isolation and fragmentation of park areas; and (3) the lack of continuity in 
research and resource protection activities. Although many specific 
recommendations were developed, several common themes that emerged 
included the need for (1) more emphasis on ecosystem management; (2) 
cooperative approaches to protection, research and education; and (3) 
policy and/or legislation establishing protection and restoration of 
biological diversity as a priority of the National Park Service. 
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"The most ubiquitous and irreversible environmental problem facing the 
planet is the loss of biological diversity. Species extinction is occurring at a 
rapidly accelerating pace because of population pressures and a pervasive 
lack of understanding of what is at stake. If current trends continue, the 
earth will lose a large share of its species within our times. 

Americans have one last opportunity during the next few years to protect 
a significant portion of our own biological wealth through careful 
scientific management of the Federal lands, which constitute almost 
one-third of our national land base. But without fundamental changes in 
the management of our national forests, parks, wildlife refuges and BLM 
lands, our nation will needlessly lose large numbers of species, genetic 
diversity and entire ecosystems." 

-Gaylord Nelson, The Wilderness Society 
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Introduction 

The protection of biological diversity within U.S. national parks has 
been recognized in recent years as a vital component of the mission of the 
National Park Service (NPS). A careful reading of the enabling 
legislation—both the 1916 Act establishing the National Park Service and 
legislation creating individual parks— suggests that human uses of parks 
must not occur at the expense of natural features and systems, including 
their inherent biodiversity. 

Biological or ecological diversity has been defined as the variety and 
abundance of species in different habitats and communities. The 
continuum of biodiversity ranges from the broad biogeographical level to 
the subcellular/molecular scale. For the NPS, three levels of organization 
are particularly important: ecosystem diversity (habitats, communities, 
and dynamic processes); species diversity (numbers of individual species 
of plants and animals); and genetic diversity (diversity found within 
species). Through its mandate to protect resources unimpaired for future 
generations and its policy of ecosystem management, the NPS is charged 
with protecting biological diversity at all of these levels. 

Despite this implicit mission to conserve biological diversity, some 
units within the National Park System either have lost, or may be losing, 
populations of species from their original, pre-colonial flora and fauna; 
some parks contain highly disturbed or degraded ecosystems. Without 
additional habitat acquisition or management actions, native species or 
their populations may be lost from individual parks at an accelerating rate 
in the future. 

If national parks have had at least an implicit mandate for some 75 
years to protect biological diversity, why is biodiversity in the parks now at 
such risk? What can be done to reverse the situation? These were the 
questions at the heart of the workshop on biodiversity in the U.S. national 
parks, held in Gatlinburg, Tennessee, in April, 1988. 

The workshop brought together university and federal government 
scientists actively working in conservation biology, National Science 
Foundation (NSF) administrators, and NPS managers to discuss the 
problems associated with preserving biological diversity in the U.S. 
National Park System. The objectives were to: 
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1. Facilitate communication and interaction between scientists, 
resource managers, and administrators; 

2. Produce recommendations based on this interaction which would 
define opportunities, constraints, and informational needs vital to the 
maintenance and enhancement of biological diversity in units of the 
National Park System; 

3. Encourage a programmatic emphasis by the Directorate of the NPS 
on a Service-wide focus on conserving biological diversity; and 

4. Encourage NPS research scientists and resource managers to develop 
cooperative programs with the involvement and support of key 
professional societies, such as the Society for Conservation Biology (SCB) 
and the Ecological Society of America (ESA), and professional research 
institutions, such as the National Science Foundation. 

Participants at the workshop were divided in working groups 
consisting of three or four non-NPS scientists and three or four NPS 
scientists and managers. Each group was charged with addressing a 
different, but sometimes overlapping, component of the problem: (1) 
management policies and issues, (2) problems of inventory and 
monitoring of biodiversity, (3) the concept and implications of "viable 
populations," (4) human disturbance factors, (5) the role of dynamic 
system processes, and (6) the place of national parks within a larger 
land-use context. 

During the workshop, each group reviewed the state of current 
knowledge on their particular topic and discussed how current NPS 
policies and constraints relate to the implementation of present or future 
plans for the preservation of biological diversity. The NPS managers 
contributed their experiences on specific issues related to the general 
topic. The group also made recommendations for relevant research in its 
particular topic area. This information was summarized in written 
statements prepared by the group leaders. 

Each group leader then made a brief presentation to the workshop as 
a whole. After this critique, the group prepared a final written statement. 
The group leaders presented their final statements to NPS officials and 
obtained their input. Finally, the facilitator presented a "capstone" 
report to all workshop participants and solicited final comments from 
them. 
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Problems in Protecting Biodiversity 

Common threads woven throughout the six sessions reveal at least 
some of the reasons why protected areas, specifically U.S. national parks, 
are failing to adequately protect biodiversity within their borders. Chief 
among these include: 

1. Lack of adequate knowledge and understanding. Before biological 
diversity can be protected adequately, the NPS must know what it has in 
the areas under its control, and what processes are at work. Yet existing 
data bases are inconsistent and incomplete, and procedures for 
inventorying, measuring, and monitoring biodiversity are inadequate. 
Furthermore, those NPS procedures that do exist are often incompatible 
with those developed by other public agencies, making transfer of 
knowledge across agency lines difficult or impossible. 

There is inadequate knowledge not only of species diversity itself, but 
also of the requirements for population viability. Knowledge of the 
dynamic processes underlying ecosystem function is also insufficient. 
There is a lack of understanding of the historical processes that have been 
at work within various parks and regions, and a lack of knowledge of and 
monitoring procedures for events and processes outside park boundaries. 

2. "No park is an island." Because park boundaries generally were not 
set on the basis of functioning regional ecosystems, biological diversity 
within parks often depends on maintaining nearby populations and 
habitats outside the park borders. Many species likely to be lost from 
parks are migratory, or have large home ranges, requiring appropriate 
available land outside park boundaries. In many cases, parks cannot by 
themselves maintain genetically viable populations without some 
interbreeding with populations external to the parks. Perhaps most 
importantly, all species within artificially defined park boundaries depend 
on water, air, and other critical resources that are part of a wider 
landscape picture, which is both regional and global in scope. 

Ironically, while no park can function as an island distinct from its 
surroundings, all parks are becoming increasingly isolated—encroached 
upon by human activities and fragmented into "habitat islands." 
Inadequate research and management coordination between parks and 
their neighbors pose immediate threats to the integrity of biodiversity 
within the parks. 
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3. Continuity. Consistent, sustained funding has not been available for 
critical research, inventory and monitoring procedures, habitat 
acquisition, restoration and recovery efforts, and other activities vital to 
the protection of biodiversity in national parks. Some conference 
participants attributed this lack of financial support in part to a legislative 
inadequacy that leaves the protection of biological diversity in the limbo 
of being an implied rather than an explicit mandate for national park 
management. 

Recommendations 

Participants in each of the six sessions proposed a set of policy and 
research recommendations specific to the question at hand. Again, 
common threads appeared over and over in all sessions, revealing the 
essential changes in attitude, policy, research, and management that 
must take place if biological diversity within our National Park System is 
to be protected. 

First among these is a critical need to begin thinking about parks and 
their biodiversity in a wider context—emphasizing ecosystem-level 
management as part of a larger national conservation strategy whose aim 
is the survival of biodiversity. This is becoming ever more crucial in the 
face of global environmental influences such as climatic warming and will 
require national leadership in the years to come. 

Second, truly protecting biodiversity within national parks and the 
nation will require innovative, interagency, cooperative approaches for 
obtaining and sharing knowledge and technical skills, and for developing 
coordinated research, education, and management programs in a regional 
context. Integrated regional inventories and coordinated long-term 
monitoring of biological diversity are essential. Public awareness and 
education will also play a vital role in stimulating understanding and 
support for biodiversity protection. 

Third, recognizing that parks represent but samples of natural 
biological diversity, conserving America's biodiversity will require paying 
attention to habitat considerations, such as the need for multiple sites and 
occasional physical linkages between them. It must be recognized that 
the chances for a population or species to survive in an area depend not 
only on the size of the population, but also on the amount, quality, and 
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distribution of habitat and on the kinds and degrees of various pressures 
put upon the species. 

Finally, specific legislation is needed to formally mandate the 
long-term protection and/or restoration of biodiversity as a formal 
priority for the National Park Service. This step would pave the way for 
sustained and adequate funding for both research and management, and 
provide new incentives for park managers to direct their attention and 
activities to the problems and protection of biodiversity in the national 
parks. 

In addition to the opening remarks and keynote addresses, the six 
sections that follow provide details of the discussions of each of the six 
conference work groups. Each section includes the names of the 
participants, a summary of the problem addressed, and the 
recommendations proposed by the group. References are included for 
other sections which proposed the same or similar recommendations. 

The first three sections—Management Policies and Issues, Inventory 
and Monitoring, and Population Viability—focus more on within-park 
components of the biodiversity problem, though all also have implications 
beyond park boundaries. The next three sections—Human Disturbance, 
Dynamic Processes, and Integrating Parks into Larger Units—look more 
deliberately at the larger context and the specific influences from outside 
a park boundary that affect its biodiversity. 

The concluding summary lists the merged recommendations from the 
entire conference, arranged by topic and marked with references to the 
section(s) in which they were proposed. 
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"The Moon and the planets will be out there forever, but the Earth's 
biological diversity is being exterminated now. It is therefore imperative 
that we study and carefully preserve nature on this planet now, for this 
will be our last chance to ensure that biodiversity will survive for future 
generations." 

-Hugh litis, in Biodiversity, E.O. Wilson, ed. 
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Welcome Address 

Robert M. Baker 
Regional Director 

National Park Service 
Southeast Region 

During the Civil War, at a Union hospital not far from the Great 
Smoky Mountains National Park, scores of wounded Federal soldiers and 
Confederate prisoners were taken for care. Medical supplies were limited. 
Especially scarce were chloroform and lint, which were used to keep 
maggots out of open wounds. Obviously, at a Union hospital the limited 
medical supplies were used to care for the Federal soldiers; Confederate 
doctors were given virtually no supplies. Inevitably, the soldiers in grey 
became infested with maggots. 

But a strange thing happened. The Southerners healed faster than 
the wounded Northern soldiers. Even the rooms where the Southerners 
were housed smelled fresher and seemed healthier than the Yankee sick 
rooms. 

The Southern doctors had stumbled onto a great discovery: maggots 
can be useful in stopping the growth of bacteria and in keeping wounds 
clean. 

This same phenomenon had been noted by a French surgeon during 
the Napoleonic War, but his findings had been ignored. The Union 
doctors, disbelieving the obvious, continued to treat their patients with 
chloroform and lint with a resulting higher casualty rate. 

Why would I share this story at a Conference on Biological Diversity? 
I think it touches on three very important points for us: 

1. The importance of communications. In this story, "no 
treatment" was superior to "the recommended treatment;" yet the 
physicians were not aware of the discovery by the French doctor 
during the Napoleonic War. Perhaps he published in the wrong 
journal. But seriously, what other medical knowledge was known 
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somewhere in the world in the 1860's that may have offered better 
treatment and saved lives? With the proliferation of knowledge in 
today's world, we all have a major task in communications. This 
conference offers us a tremendous opportunity to shape what we 
know and understand about biological diversity. Also, let's be sure 
that what we do here this week is shared in the "right journals." 

2. The value of lower life forms. The maggots helped save lives. Too 
often when I hear discussions on biological diversity, I hear concern 
only for those highly visible species at the top of the food chain. This 
conference will give us the platform to address the importance of an 
array of life forms. 

3. The third point from the story that I want to make is: Discovery of 
new knowledge without a commitment to use that knowledge falls 
short. The Union doctors were resistant to change. I appreciate the 
difficulty involved in change and the uncertainties that go with 
change. 

In last month's American Scientist, I read the article on "Global 
Change" by William Hively. He discussed many of the familiar issues that 
we face: warming from the greenhouse effect, acid rain, destruction of 
forests, erosion, pollution, species diversity losses, the "ozone hole" over 
Antarctica, population growth, and so forth. He spoke of new disciplines 
and the breaking down of traditional barriers that have 
compartmentalized study. He quoted Dr. Michael McElroy: "Narrow 
specialists will not solve the problems; neither will shallow generalists." 
We hopefully have specialists in this room that are not narrow and 
generalists that are not shallow. 

We have a number of our key park managers with us for this 
conference. They have stewardship responsibilities for some of this 
nation's most outstanding lands and natural resources. At this 
conference, we want to "set in motion" a process that will answer the 
question, "How must we change?" We need each other to be successful in 
this important undertaking. It is a collective commitment that is 
essential. 

In conclusion, I want to publicly recognize and applaud you and the 
organizations you represent for your commitment to this effort. To me, it 
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is much more than just a conference. It is an opportunity for an extremely 
important endeavor to broaden commitment and pursue action. 

Finally, I want to say a personal thank you to Dr. Frank Harris of the 
National Science Foundation for all of us. The proud heritage of the 
Foundation over nearly 40 years of its existence has meant a great deal to 
basic science, to the development of human resources, and in providing 
leadership to help support critical forums such as this. We need your 
continued support and commitment as we move forward. 

Thank you. 
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Keynote Address: Research 

Dan Goodman 
Professor of Biology 

Montana State University 
Bozeman, Montana 

The position I occupy on the schedule is a little bit ominous in that the 
notion of having a scientific keynote speaker and a policy keynote speaker 
seems to imply that you can usefully separate them. I don't believe that's 
true in the present context. We're dealing with an applied question, 
namely how to manage biodiversity. And an applied management 
question doesn't allow the luxury of saying "Well, here's something we 
can deal with strictly as a scientific issue; here's something we can deal 
strictly as a policy issue." They're intertwined; they're inseparable. And 
the only way we make progress is by understanding the intersection 
where good science and good policy meet. 

We can understand this by considering the alternatives. Imagine a 
situation where science has absolutely irrefutable evidence to determine 
some policy, but there doesn't exist a procedural structure, based on 
administrative and legal foundations, to implement it. The scientist 
might just as well be crying in the wilderness. On the other hand, we could 
develop a brilliant procedural system, that was extremely clever in its 
checks and balances, reports, flow charts and chain of command. But if 
this procedural system is triggered by information that science can't 
provide, then it's never going to be used. 

Further, if the system is going to work—the system of administrative 
and procedural structure—its factual grasp of what the problem is and 
what the solution is going to be has to be reasonably correct, or it's a 
catastrophe. 

This leads me to propose that there are perhaps five essential features 
necessary at this juncture between science and policy, if the system is 
going to work. The first condition is credibility. We can't be perceived to 
cry wolf as to what the problem is. We must have credibility in our 
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portrayal of what the consequences will be of action or inaction. Our 
description of what the problem is has to be credible. It has to be based on 
sound science on which there is a consensus, and which is accessible to 
public review. A few people screaming "The sky is falling" aren't going to 
have an impact. 

The second feature is also a credibility feature. We have to have 
credibility in the proposals for the interventions that are being suggested. 
We say, "Here is what the problem is, and here are the kinds of measures 
that could be implemented to do something about it." Not only does the 
portrayal of the problem have to be credible, the portrayal of the solution, 
the intervention, has to be credible. In the absence of this credibility, no 
matter what regulations, or even legislation, get put on the books, it's not 
going to work because at some level this is a contentious society, and in the 
absence of credibility, the clamor for delays and exemptions will be 
overwhelming and will paralyze Congress, the courts, and the 
enforcement structure. We've seen enough evidence of that. 

The third feature that 's necessary is unambiguous criteria. When 
someone says, "Here are some possible problems, here are the possible 
solutions. We could implement them when the time is appropriate," 
there needs to be an extremely clear notion of the circumstances that 
should trigger those actions. These criteria will make implementation 
something other than a haphazard game of discretion. Administrative 
discretion is not a good thing. It sounds like a good thing to the 
administrator, but when you think about it, it's the situation where the 
administrator gets torn to pieces by opposing constituencies, each of 
which has a different idea of what should be done. All of them lobby the 
administrator, so it's a bad situation. You need more or less mechanical 
procedures for triggering action. Procedures have to be based on 
information that is readily accessible and upon which people can agree. In 
the absence of these unambiguous criteria, dispute settlement and 
conflict resolution will be extremely protracted and costly. 

The fourth feature is the burden of proof. This sounds extremely 
legalistic when one is not dealing in the context of scientifically driven 
policy leading to a court case, but in fact clear-cut burden of proof 
requirements can help reduce the probability of litigation. The burden of 
proof issue arises in the connection with what we will call default values. 
A burden of proof feature is a statement that when there is uncertainty as 
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to what we should do, here is an automatic way we resolve the decision in 
the presence of that degree of uncertainty. Just as in criminal law, the 
burden of proof is "innocent until proven guilty." In environmental law, 
for it to be effective, for any given legislation, or law, there has to be a 
presumption as to which way a jump shot will be decided in the absence of 
sufficient evidence for that decision. 

The fifth and related feature is a standard of evidence. The standard 
of evidence requirement is a statement of how much evidence and what 
degree of certainty is adequate to call the decision something other than a 
jump shot which is decided by the default rule. How much data do we 
need, how narrow do the confidence limits on that data have to be in order 
to use data as the basis of action rather than our default presumption. 

These two features together constitute the incentive structure for 
gathering adequate data. In the absence of these two features, the system 
would be happy to get along with no data, unpredictable data, or 
unreliable data; and it fosters attempts to make decisions as the need 
arises, on a case-by-case, ad hoc basis using information that will be an 
embarrassment when it is examined. 

I'm going to propose this as the general framework, or set of criteria 
that I'd like to see our policy and science complex develop in the matter of 
conservation biology as an application to biodiversity issues, particularly 
in the national park lands. 

The national park lands pose an unusual problem for management. 
The first interesting feature about the National Park System from the 
standpoint of conservation biology is that the Park Service owns the 
islands, but the ocean belongs to everyone else. We will have to recognize 
that as an important matter to take into consideration. What kind of 
actions, what kind of maneuvering does the National Park Service have in 
the matter of biological diversity? 

The second unusual feature of the Park Service system is that on its 
own "islands" a very high level of protection is already the rule rather 
than the exception. So it isn't a matter of persuading the agency to be 
more protective; it is almost as protective as it can be already. In fact, one 
of the problems we will have to face occasionally is persuading the Park 
Service to intervene more in active management in specific cases rather 
than assuming that it is always best to just let nature take its course. 
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Which is to say there is a problem of justifying intervention on the part of 
the National Park Service. 

Now in the matter of facing the problem of the "island" nature of the 
National Park Service, we can say, "Well, that 's the way it is, we can't go 
any further." That's not true. There is every opportunity for useful 
dialogue with other agencies and the private sector as to how the lands 
surrounding these national park "islands" should be managed in order to 
preserve biodiversity in the system as a whole. It is a mistake to think 
about managing these islands in isolation. Very often these islands will be 
insufficient for our purposes. It is necessary to develop a system of 
managing the surrounding lands in a way consistent with management in 
the parks in order to achieve our goals. Probably the real administrative 
key to initiating and enforcing that dialogue is going to be what we call 
population viability analysis. 

It will be necessary to see to it that what we are calling a population 
viability analysis is enmeshed in a scientific and administrative network 
that satisfies all five criteria for a successful intersection of science and 
policy. And only then will the population viability analysis serve as an 
adequate tool for saying we are going to have to change certain practices 
in land use management around the parks in order to achieve our goals. If 
we don't change our practices, things are going to happen to change the 
population in the park, as well as outside the park, that are not consistent 
with the National Park Service's goals. The population viability analysis 
is going to have to have credibility in terms of being able to say that yes, 
the population viability analysis can predict probable extinctions unless 
we do something about it. It has to have credibility in terms of describing 
appropriate interventions. For example, "If we proceed with present 
activities, this population will go extinct in the park; but if we set aside a 
certain amount of additional acreage outside the park and manage it in 
this way, there is reasonable assurance that the population will not go 
extinct." So those predictions have to have credibility. 

There has to be a clear criterion as to when a population is or is not in 
trouble by the standards of the population viability analysis. Here we get 
to an interesting problem as to whether we are talking about a policy call 
or a scientific judgment. The first issue we're going to have to address in 
our criterion for action is: What is a realistic objective for management of 
populations in the interest of preserving biodiversity? We can't say zero 
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probability of extinction—every species lasting forever—because that 
just doesn't happen. It's not how nature operates and it's certainly 
nothing that we can achieve with limited information and resources. 
There's going to have to be a statement as to how secure a population 
must be for us to presume viability even though that stops short of 
guaranteeing its survival forever. This is the place where the scientist has 
to tell the policy-makers that 100% certainty of a species lasting forever is 
not possible. We must retreat to a quantitative, probabilistic statement, 
and then stick with it. There is going to have to be a policy call that a 
viable population, for example, is a population that has a 99% probability 
of lasting at least another 1000 years. A scientist can't settle what this 
number should be as a goal, because it is not a scientific question. It is just 
a matter of stating what your goals really are. 

It's a policy call. It will have to involve many agencies in Washington. 
It's going to require consensus that the people who adopt it will have to 
stick with it, because if everyone is using a different number as to what the 
threshold is for population viability, then implementation becomes 
haphazard; they're not applying the same standards. So this is an obvious 
matter on the agenda for the future of all interested parties, to begin to 
encourage development of consensus regarding a policy call on what is the 
magic number that we will accept as a population that is adequately 
viable. If the number comes out less than this, we'll say that triggers the 
determination that this is an endangered, threatened population. If its 
viability comes up larger than that magic threshold, then we'll say, yes, 
this is a viable population. 

So, one important matter on the agenda is developing the criteria for 
a threshold level of acceptable probability of survival. We have to educate 
the policy people away from the notion that this is going to be 100% 
survival forever, because that just doesn't make scientific sense. That's 
like trying to square the circle. 

Further down on the list: What are we going to do about burden of 
proof and standards of evidence in a population viability analysis? In 
order to view this matter we are going to have to step through the 
scientific procedure of a population viability analysis as it now exists. How 
does one go about assessing the viability of a population? Let's take it as 
given that the output of a population viability analysis is a prediction of 
the life expectancy of the population being assessed. It's a prediction, for 
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