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Preface

The Goodwin-Niering Center for Conservation Biology and Environmental Studies
at Connecticut College is a comprehensive, interdisciplinary program that builds on
one of the nation’s leading undergraduate environmental studies programs. The Cen-
ter fosters research, education, and curriculum development aimed at understanding
contemporary ecological challenges. One of the major goals of the Goodwin-Niering
Center is to enhance the understanding of both the College community and the general
public with respect to ecological, political, social, and economic factors that affect
natural resource use and preservation of natural ecosystems. To this end, the Cen-
ter has offered six conferences at which academicians, representatives of federal and
state government, people who depend on natural resources for their living, and indi-
viduals from non-government environmental organizations were brought together for
an in-depth, interdisciplinary evaluation of important environmental issues. On April
6 and 7, 2007, the Center presented the Elizabeth Babbott Conant interdisciplinary
conference on Saving Biological Diversity: Weighing the Protection of Endangered
Species vs. Entire Ecosystems. The Beaver Brook Foundation; Audubon Connecticut,
the state office of the National Audubon Society; the Connecticut Chapter of The
Nature Conservancy; Connecticut Forest and Park Association and the Connecticut
Sea Grant College Program joined the Center as conference sponsors.

During this two-day conference we learned about conservation and endangered
species from a wide range of perspectives. Like all of the conferences sponsored by the
Goodwin-Niering Center, this conference was broadly interdisciplinary, with presen-
tations by economists, political scientists, and conservation biologists. Bryan Norton,
Professor of Philosophy, Science and Technology at Georgia Institute of Technology,
gave the keynote address Evaluation and Species Preservation, followed by the first
session in which we examined the effectiveness and economics of endangered species
protection. The second session focused on efforts to sustain biological diversity in
entire ecosystems or across regional landscapes. The third session emphasized the
best methods for protecting biological diversity on a global scale.

The conference provided a broad overview of our current understanding of how
to prevent extinction and sustain biological diversity. The audience included con-
cerned citizens, NGO representatives and policymakers, and students and faculty from
Connecticut College and other universities. This book, Saving Biological Diversity:
Balancing Protection of Endangered Species and Ecosystems, is based on the papers
presented at the conference.

The Editors
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Chapter 1
Saving Biological Diversity: An Overview

Glenn D. Dreyer

The conservation movement in North America emerged in part due to the shock of
the extinction of the passenger pigeon and the near extinction of the American bison,
species that had once been considered too numerous to be depleted. By the 1960s,
a broad consensus emerged in the United States that species should not be driven
to extinction by human activity. Since then, however, the Endangered Species Act
and major programs to restore endangered and threatened species have become con-
troversial. Private property rights advocates claim that endangered species protection
hampers economic activity and land development to an unreasonable extent. At the
same time some conservationists are concerned that too much money and effort are
devoted to endangered species, diverting efforts from protection of entire ecosystems
that support numerous species. They argue that given the limited resources avail-
able, preventing common species from becoming rare is the most effective long-term
strategy. Defenders of endangered species programs claim that protecting endangered
species usually entails protecting entire ecosystems, and endangered species can serve
as effective symbols to rally support for ecosystem protection.

Saving Biological Diversity: Balancing the Protection of Endangered Species and
Ecosystems seeks to emphasize the interplay between the science and policy of species
protection. We have chosen to take a broadly interdisciplinary approach by focusing on
such important topics as the effectiveness and economics of endangered species pro-
tection, efforts to sustain biological diversity in entire ecosystems or across regional
landscapes, and the need to protect species diversity on a global scale. Our book is
a synthesis of the views of economists, political scientists, resource managers and
conservation biologists on a wide array of species protection issues. In a single book
we could not hope to address the myriad species, habitats, ecosystems, conservation
issues and political systems worldwide that a truly comprehensive treatment would
require. Instead we present chapters illustrating a wide range of problems and solu-
tions as they are seen by people who work in an array of disciplines and professions.
Since our authors come from different academic traditions, the editors have chosen to
tread lightly on preferred writing and referencing styles. While this results in some
distinct stylistic differences between those authors with a legal background and those
with scientific training, it does not detract from the communication of important ideas.

Our goal for this book is to engage a wide audience that includes researchers, con-
cerned citizens, regulators, conservation managers and policy analysts. Saving Biolog-
ical Diversity may also serve as a book of readings for courses in conservation biology,
environmental studies, or environmental policy. We believe that the juxtaposition of
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views from many different disciplines will engender further discourse on how best to
save biological diversity.

The following questions are offered to illustrate the issues that may be addressed
by groups such as faculty and students, conservationists and legislators, and scientists
and policy analysts who use this book as a source:

1. How should we define the term “biodiversity?”
2. How should we characterize and measure the value of biodiversity?
3. Should we focus on the protection of individual species or entire ecosystems, or

a combination of the two?
4. What are the important economic issues pertaining to endangered species protec-

tion? How do we place a value on ecosystem improvements?
5. How can we establish a biodiversity conservation system that includes all major

ecosystem types? Given the global scope of the loss of biodiversity, how can we
be sure that we are not overlooking ecosystems that are quickly disappearing?

6. Are large-scale, ecosystem preservation efforts effectively protecting a high pro-
portion of North America’s imperiled plants? Or the world’s most imperiled
ecoregions?

7. Can a focus on protecting the particular habitat features needed by a single species
result in effective protection of other vulnerable species or entire ecosystems?

8. How can we assure protection of species that migrate between regions? How
can conservation programs be coordinated across state, provincial and national
boundaries?

9. How can we restore biological diversity when the genetic uniqueness of some
local populations has been lost?

10. Is the most effective strategy to focus on protection of large vertebrates to gain
popular support for habitat protection and restoration that also benefits many less
conspicuous and well-known species?

11. What particular challenges do resource managers and legislators face when
designing protection measures for marine environments? Is enough attention
being focused on marine ecosystems?

12. What size should a preserve be to effectively conserve local or regional biological
diversity over the long term despite anticipated changes in the climate and in
regional land use?

13. What challenges are faced when ecosystem restoration is attempted at a massive
scale with multiple partners and stakeholders?

14. How does local land preservation affect global problems such as climate change
and loss of biodiversity?

15. How can grassroots conservation efforts in less developed countries be supported
by conservationists in more prosperous places?

Part I. Protecting Populations of Particular Species

In a truly interdisciplinary fashion, Part 1 includes the perspectives of a philosopher,
a lawyer, an economist and three biologists. One of the common themes of these
chapters is the U.S. Endangered Species Act of 1973 (ESA), which is not surprising



1 Saving Biological Diversity: An Overview 3

given the species level focus of this section and the U.S. origin of the authors. But
plants and animals do not recognize political borders, and the basic issues raised by
enforcement of the ESA will also arise wherever endangered species occur.

We begin with a chapter by philosophy professor Bryan Norton that explores, in the
context of the ESA, what is meant by “biodiversity,” and how its value can be charac-
terized and measured. While the ESA focuses on the protection of individual species,
this is generally understood as a proxy for an attempt to slow the rapid impoverishment
of the biological world in general. The ideal definition of biodiversity must function
in the very different contexts of scientific research and human-value based policy,
and indeed must bridge these two worlds. Norton reviews how biologists define the
term diversity, and finds that some definitions are based on inventories of organisms
and others on difference measures. Fortunately, he does not find that disagreements
about how to define diversity necessarily hinder conservation action. He includes a
discussion of the importance of effective communication between scientists and policy
makers, suggesting that more general terms (such as “web of life”) might be helpful.

Is the species-level protection envisioned by the U.S. Endangered Species Act ade-
quate? Did Congress mean to include habitats and ecosystems as well as the popu-
lations of endangered species in its attempt to preserve biodiversity? In Chapter 3,
environmental law professor Karin Sheldon argues that the ESA does not specify an
ecosystem approach to preservation primarily due to the approach to conservation at
the time it was written in the early 1970s and the lack of subsequent revision. She
begins with a review of the main features of the ESA, including “the list” of man-
dated actions for endangered species: designation of critical habitat, conservation and
recovery, consultation, a ban on “taking,” and reintroduction. At a time when habitat
destruction is thought by most scientists to be the most significant threat to endangered
species, one would expect regulations to rely heavily on an ecosystem approach. Shel-
don argues that there are multiple benefits from using an ecosystem approach both
for the agencies charged with implementing the ESA and for the species and ecosys-
tems the Act is intended to protect. She concludes with thoughts on the need for, and
possible implementation of, a national land conservation system to meet biodiversity
preservation goals. How to choose lands to preserve and innovative approaches to set
aside adequate acreage are further discussed in Chapters 10 and 12.

In Chapter 4, Gardner Brown reminds us that economists have much to contribute
to the conservation of endangered species, especially because they realize that species
have significant non-market value. Although the language of the Endangered Species
Act calls for the protection of all species regardless of costs, Congress annually fails
to provide sufficient funds for such protection. A better approach, from an economist’s
perspective, involves seeking the lowest cost way to save the most species, or max-
imizing the number of species saved given budget constraints. Brown goes on to
discuss what he views as the most significant economic concepts for species con-
servation. These include “opportunity cost,” which accounts for the value of resources
in their best alternative use. The concept of opportunity cost forces society to deal
with the issue of costs not only in terms of their monetary value but also in terms of
their forgone alternatives. In this context, the cost of alternative approaches to species
conservation may be related to trade-offs involving other species. Other significant
concepts are recognizing the fact of diminishing returns as more resources are applied
to species protection; acknowledging that not all species can be saved; understanding
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that people act in their own interest; and the need for developing ways to quantify
the public’s valuation of non-market goods, such as many biological species. Chap-
ter 9 provides a related discussion and an example of methods to quantify the public’s
willingness to pay for environmental improvements.

Many plant species in the United States are severely threatened. Unfortunately,
as botanist Kathryn Kennedy points out in Chapter 5, while about half of the species
listed under the ESA are plants, they receive only about 5% of the funding for recovery
and restoration. After summarizing the value of plant life to ecosystems and human
culture, she reviews the status of plants of conservation interest and estimates that
nearly 25% of the U.S. flora is vulnerable or imperiled. There are many inequities
in the U.S. conservation effort, which tends to provide much more funding, research,
management and other resources for animals rather than plants. The non-profit Center
for Plant Conservation has created a national network of botanical institutions working
in partnership with government agencies to secure and restore imperiled plants both
in the field and in botanical gardens and seed banks.

Next we turn to an example of a species listed as endangered in both the United
States and Canada, the beach-nesting Piping Plover. Conservationist Scott Hecker
explains in Chapter 6 how applying measures to protect and recover one bird species
can have a very broad affect on associated species and habitats. Hecker gives the
specific history of efforts in Massachusetts that involved cooperation among various
federal, state and local government agencies and private organizations. As protection
techniques evolved from simple fencing around nests to restricting nearly all vehi-
cle access to beaches during breeding season, a number of other previously declin-
ing species of plants and animals also began to recover. Piping Plover preservation
became an effective umbrella for saving Atlantic Coast barrier beach habitat and the
Massachusetts model is becoming known as a classic conservation success story. Now
the challenge has moved to protecting Piping Plover habitat during the non-breeding
season, most of which is in the United States. If successful, this will provide another
umbrella of protection for many other species.

Arguably the best-known fish in the Northern Hemisphere, the Atlantic salmon is
another migratory animal that has declined to the point of requiring federal protec-
tion in the United States. Biologist Stephen Gephard explains that concerted recovery
efforts for this fish in New England, begun before the ESA, have included habitat
protection and manipulation, particularly the removal of dams or the construction
of “fishways” to allow migration between the Atlantic Ocean and spawning areas
in gravelly headwater streams. In contrast to the previous example, conservationists
have also developed captive breeding programs that now utilize increasingly sophis-
ticated genetic fingerprinting of individuals. Unfortunately the population trends in
the United States and elsewhere have been downward since the mid 1980s, and the
Atlantic salmon was listed under the Endangered Species Act in 2000. Population
restoration efforts in New England continue, and have evolved from single species
management to programs that include all diadromous fish.

Part II. Protecting Regional Ecosystems

The goal in Part I was to focus on particular rare species and the federal legislation
that mandates their protection At this point it should be clear that any discussion of
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single species conservation inevitably leads to issues at larger scales. In Part II we step
up from concern about populations of particular species to an emphasis on ecosystems
and regional landscapes.

We begin with Chapter 8 on ocean conservation in the United States from a policy
and management viewpoint. Environmental advocate Susan Faraday compares marine
ecosystems to terrestrial ecosystems, and finds them fundamentally different both as
physical habitats and in terms of the level of environmental awareness and protection.
Numerous studies point to the need for a comprehensive, ecosystem-based approach
to marine conservation in place of the patchwork of legislation and regulation now in
effect. Protected areas, while relatively successful for preserving ecosystems on land,
have not been used nearly as often, or as successfully, in the oceans. Marine protected
areas established under the National Marine Sanctuaries Act of 1972 provide illumi-
nating examples of the tension between protection and multiple use goals in sanc-
tuary management, as well as the potential for new and more effective conservation
directions. Faraday argues for replacing the current, ad-hoc methods of determining
compatible uses within marine sanctuaries by developing a clear vision of the goals
of each sanctuary using transparent, standardized methods for making decisions about
which activities should be restricted, an approach that is used successfully to manage
terrestrial habitats.

In Chapter 9, Economist David Evans and his colleagues provide an argument for
placing value on “non-use” items that, in a conservation framework, may involve the
existence of species or the protection of habitats that we may never “use” or even see.
Society values such resources, even though many of us do not or will not actually use
them. This non-use value simply reflects the benefit to society from the continued exis-
tence of environmental resources, such as an individual species or an entire ecosystem.
Evans and his colleagues then detail the methodology of a stated preference approach
to determine “non-use value,” which was used to estimate how much people are will-
ing to pay for environmental improvement. They provide an example of this approach
with a survey to estimate how much New York State residents would pay to improve
the aquatic ecosystem of lakes in Adirondack Park, which has been damaged by acid
deposition. They conclude with some thoughts as to how these methods can help con-
servationists select appropriate protection strategies that will be approved by policy
makers.

Early in any ecosystem preservation program, questions arose concerning how
much habitat and what type of habitat are needed to meet goals. In Chapter 10 ecol-
ogist Mark Anderson describes a procedure for answering this question, using forest
ecosystems in the northeastern United States as an example. His methodology for
determining adequate preserve size is based on protecting a large enough area to
accommodate natural disturbances at various scales as well as viable populations of
species that require large areas of habitat. Important conditions of the land include bio-
logical legacy features and the amount of unfragmented, interior forest. He also notes
that natural or semi-natural landscapes surrounding the preserves provide a buffering
effect and act to interconnect multiple preserves. Anderson’s analysis indicates that
very large blocks of continuous forest are critical for preserving forest biodiversity at
the landscape scale, and he provides a straightforward method to estimate the habitat
area and conditions needed to protect biological diversity in any forested region.

Environmental lobbyist and attorney April Gromnicki uses the Everglades in
Florida, USA, as an example of the political and managerial complexities that arise
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when attempts are made to restore and repair a huge, badly damaged ecosystem.
Restoration in the Everglades represents an unprecedented partnership between the
federal government and a state. There are also many counties, regional planning coun-
cils, and a number of Indian tribes with jurisdiction over some of the area. Add to
these the multiple government agencies with interest and responsibility in the Ever-
glades – 14 federal entities alone – and the myriad non-governmental stakeholders,
and one begins to think that it is amazing that anything has actually been accom-
plished. Gromnicki details the history and process that began in the early 1990s and
brought together so many interested entities and individuals in an effort to correct the
extensive damage done by government-sponsored drainage and flood control projects
since the late 1940s. The actual, on-the-ground restoration work has only recently
begun but, if fully implemented, the Everglades restoration project will surely serve
as a model for large ecosystem restoration worldwide.

Part III. The Need for Global Efforts to Save Biological Diversity

Ecologists David Foster and William Labich make the transition to the international
section of this book with an example of how a regional forest preservation scheme
has the potential for not only becoming a model for saving biological diversity world-
wide but also, through carbon sequestration, can help reduce global warming. They
begin Chapter 12 by summarizing the history of the eastern North American forests
that began to grow back about 150 years ago after two hundred years of cutting and
agriculture. These forestlands now provide a second (and final) opportunity for their
“natural infrastructure” to be preserved. The authors argue that these systems are actu-
ally global infrastructure, since the rapidly growing forests are actively accumulating
carbon. Utilizing some of the ideas developed in Chapter 10 regarding the preserva-
tion of matrix forests surrounded by buffer lands, their “Wildlands and Woodlands”
proposal for Massachusetts, USA calls for adding to currently preserved land until
one-half of all land area in the Commonwealth is in permanent forest cover. Wildland,
or protected natural area, would comprise 10 % of the total forest. The remainder,
Woodland, would be actively managed for wood products and other resources. They
go on to detail a practical approach for accomplishing these goals.

Brazil’s biodiversity treasures and troubles are well known to conservationists.
In Chapter 13 political scientists Kathryn Hochstetler and Margaret Keck describe
policies and strategies that aim to deal with both environmental and social prob-
lems, which are often inextricably linked. One approach is a network of protected
areas of two general types, one uninhabited and the other with human populations
within them. Extractive reserves, as well as indigenous reserves, allow small scale,
traditional uses of the land that, at least ideally, are environmentally sustainable over
the long term. Another promising development in Brazil is the increasingly active
role of the judiciary, with the Ministerio Publico having authority to investigate and
prosecute environmental infractions arising from both the government and the pri-
vate entities. Their efforts have helped ensure more effective implementation of the
country’s environmental laws. Another effective environmental protection strategy has
been the creation of transnational activist networks that partner with strong, locally
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based, grassroots organizations. This combination of local and international pressure
has proven effective in resisting some environmentally damaging government and pri-
vate development initiatives.

The rapid increase in anthropogenically derived carbon dioxide in the atmosphere
over the past two centuries, and the likely consequence of increased global tempera-
tures, is a well-known scenario. In Chapter 14 William Burns explores a different and
less well-understood result of increased CO2 levels, the acidification of our planet’s
oceans. Increased acidity may well prove a much greater threat to marine biodiversity
than climbing ocean temperatures. Calcifying organisms such as coral will be particu-
larly impacted, as will the reefs they create. If the pH of ocean water drops as much as
some scientists predict, coral reefs and the highly diverse ecosystems they support will
be in danger of collapse. Even greater amounts of calcium carbonate are precipitated
by planktonic organisms, and population crashes of such plankton would result in
massive disruptions of marine ecosystems and the human socio-economic systems
that depend on them. Crabs, mussels, oysters, sea urchins and any other calcifying
organisms will also be adversely affected. Research into the consequences of ocean
acidification is young and poorly funded. Burns concludes with recommendations on
research agendas and with a brief discussion of international environmental policy.

In Chapter 15 environmental strategist Jonathan Hoekstra provides a broad perspec-
tive on biodiversity conservation on the global stage. Using the adage “think globally,
act locally,” he discusses how twenty-first century consumers are linked to people and
resources throughout the world. Citizens of the wealthier countries are clearly having
ever increasing impacts farther and farther from home. A leader in The Nature Con-
servancy’s global habitat initiatives, he goes on to examine the disconnect between the
world’s most imperiled biomes and ecoregions, and the actual places that have been
preserved. His map of “crisis ecoregions” (Figure 15.2) provides a fresh perspective
and should be a useful tool for directing future conservation efforts to places expe-
riencing extensive habitat loss coupled with insufficient habitat protection. Next, he
theorizes about ways that rapidly expanding access to communications and informa-
tion technologies could revolutionize global conservation. He concludes with thoughts
on the need for bringing the valuation of ecosystem services into the economic
mainstream.

Our final chapter is by landscape ecologist and biology professor Robert Askins,
who uses the story of a Japanese program to restore the Oriental White Stork as an
analogy for some of the lessons in this book. Efforts initiated to recover a single
endangered species inevitably lead to the need for preservation or restoration of appro-
priate habitat. Single, “flagship” species can become conservation icons, as did the
Spotted Owl in the United States and the stork in Japan, focusing public attention on
the importance of preserving biodiversity and fragile habitats. Educational programs,
and the “umbrella effect” whereby an endangered species provides protection for the
many organisms that share its habitats, are valuable spin-offs from the focus on one
species. But conservation must operate at all geographic and ecological scales to be
effective. Global environmental changes that affect biological diversity, like climatic
warming and acidification of the oceans, require concerted international cooperation
in the political and economic realms that is difficult to achieve. Perhaps because indi-
vidual, attractive species are easier for people to focus their attention on, it is inevitable
that many efforts begin there.
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If we are to save biological diversity, there is clearly much work to do at many
levels, and plenty of room for those with varied interests, training and skills to join in.
It is our hope that the interdisciplinary nature of this book will stimulate new connec-
tions and ideas in the minds of those already working to preserve biological diversity.
Better yet, pass this book on to someone not yet fully engaged in this struggle with the
idea that one of the chapters will resonate with their passions and induce them join the
effort.
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Chapter 2
Toward a Policy-Relevant Definition
of Biodiversity1

Bryan G. Norton

Abstract Defining “Biodiversity” can be a challenge because the term functions in
two arenas—scientific biology and conservation policy. First, it will be noted that there
are arguments that apparently show that the term is not rigorously definable in a way
that makes biodiversity an additive quantity; the consequences of this undefinability
for policy will be discussed. Second, it will be argued that it is more important to
develop a policy-relevant definition, a definition that reflects social value as well as
scientific soundness in characterizing biodiversity, and which functions to allow com-
munication about what to do. What is important is to have a definition that encourages
shared actions and allows for the improvement of our linguistic tools. Perhaps it will
be necessary to develop the concept of “biodiversity” as a scientific concept, while
pairing it with a more readily understandable phrase, such as “the web of life” for use
in public discussions.

The Endangered Species Act of 1973 (ESA) was a bold departure in environmen-
tal legislation; it has become perhaps the most powerful environmental statute in
the United States, and it has been employed both as a weapon—to stop threat-
ening projects—and as a tool—to bring opposed interests to a bargaining table.
Commentators have noted that species endangerment is only one aspect of the biolog-
ical impoverishment of the world’s ecosystems; some have suggested that references
to “species” in the legislation (which includes species, subspecies, and distinct popu-
lation segments of vertebrates) should be viewed as a surrogate for protecting living
things and the natural systems in which they are embedded.

This chapter examines these broader concerns. To do so, I focus on the term “bio-
logical diversity,” or “biodiversity,” which has come to function as a label for the broad
concerns for nature, its life forms, and its processes. I address two questions:

1. How should we define the term “biodiversity?”
2. How should we characterize and measure the value of biodiversity?

1Originally published in The Endangered Species Act at Thirty, Volume 2 by J. Michael Scott, Dale
D. Goble, and Frank W. Davis (Eds.). Copyright c© 2006 Island Press. Reproduced by permission of
Island Press, Washington, D.C.
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