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Foreword

Saving the Seas: Values, Scientists, and International Governance provides
a timely discussion of the interplay between science, policy and reg-
ulation, a discussion that is played out time and again in the effort
to protect the environment and pursue the path of sustainable devel-
opment. Striking the right balance to achieve harmony between
conflicting values and interests, acting with sufficient foresight to
address mounting scientific evidence of environmental degrada-
tion, and combining these in global, regional or bilateral agree-
ments or national law can test the greatest incellects. The fact that
the world community has achieved such success in so short a time
since environmental problems came to the fore is a credit to the
dedication of scientists, policy makers, and legislators world wide.
Two United Narions conferences on the environment, the first
in Stockholm, Sweden in 1972 and more recently the United Na-
tions Conference on Environment and Development (UNCED)
held in Rio de Janeiro in July 1992, attracted world atrention to
the state of the environment. UNCED resulted in the adoption of
Agenda 21 as the blueprint for future actions for safeguarding the
environment and promoting development within the framework
of sustainable development. Chapter 17 of Agenda 21 highlights
activities for protection of the oceans, enclosed and semi-enclosed
seas, and coastal areas. It also addresses the protection, rational use,
and development of marine living resources. Activities to be pur-
sued under this chapter include: integrated management and sus-
tainable development of coastal and marine areas, sustainable use
and conservation of matine living resources, addressing critical un-
certainties for the management of the marine environment and
climate change, strengthening global and regional cooperation and
coordination, and the sustainable development of small islands.
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Governments, international agencies such as the United Na-
tions Environment Programme (UNEP), and nongovernmental
organizations strive to create an international regime for the pro-
tection of the ocean and coastal marine environment. The regime
is comprised of global, regional, and bilateral agreements as well as
relevant national legislation to implement international obliga-
tions.

Global instruments include the United Nations Convention
on the Law of the Sea (UNCLOS), which establishes an interna-
tional framework regime to promote the conservation of the living
resources of the seas and oceans and the study, protecrion, and
preservation of the marine environment. Following the coming
into force of UNCLOS, implementation of various elements of
the Convention have gonc ahead, including the development and
adoption in November 1995 of the Global Programme of Action
for Protection of the Marine Environment from Land Based Activ-
ities and the adoption in August 1995 of the Agreement for the
Implementation of the United Nations Convention on the Law of
the Sea of 10 December 1982 Relating to the Conservation and
Management of Straddling Fish Stocks and Highly Migratory Fish
Stocks. Other global agreements addressing specific issues such as
the London Dumping Convention or the International Conven-
tion for the Prevention of Pollution from Ships help to support the
aims of UNCLOS. Yet other international agreements, such as the
United Nations Framework Convention on Climate Change and
the Vienna Convention on Protecrion of the Ozone Layer and its
Montreal Protocol on Substances that Deplete the Ozone Layer,
though dealing with the atmosphere far above the ocean, are criti-
cal to the protecton of the living resources of the seas, demon-
strating the interconnectedness of all things and the need for a
holistic approach to environmental protection.

In additon to these global instruments, UNEP has been in-
volved in the development of Regional Seas Agreements, currenty
covering thirteen regions around the world. These instruments
and related implementing protocols address pressing pollution and
conscrvation issues, including dumping, oil pollution, pollution
from land-based sources, and establishing protected areas. The
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most recent addirions to this collection of agreements are the Con-
vention on the Protection of the Black Sea Against Pollution and
its related protocols and the Programme of Action for the North-
west Pacific. The success of the Regional Seas Programme can be
attributed ro the interdependence of the various components of
the programs including the negotiation of legal agreements, man-
agement activities of states to address concerns raised within the
context of the program, and scientific assessment to identify
emerging problems and assess the effectiveness of the measures
adopted.

International agreements for protection of the environment are
only effective provided there is adequate implementarion of and
compliance with the agreements ar the national level. Capacity
building programs to encourage nations to be involved in the
treaty-making process and to implement international obligations
through the development of national legislation are critical to the
success of the environmental agreements. Ultimately, however, ob-
servance of the commitments made in an international forum rests
with the individuals that make up the communiry. It is only by ed-
ucating ourselves about the value of environmental protection and
practicing the art in our everyday lives that we can hope ro achieve
stceess.

Saving the Seas is about the international regime for protecting
the ocean and coastal marine environment. I believe that this book
will go a long way toward enlightening individuals about the state
of the global seas and oceans and the important international mea-
sures adopted to address mounting environmental concerns. Fur-
thermore, I am hopeful thart it will inspire action to save our seas.

Flizabeth Dowdeswell
Executive Director
United Nations Environment Programme






Preface

Enclosed and coastal seas are integral parts of the world ocean that
covers nearly three quarters of the earth. Their relationship to the
world ocean is critical because they and their surrounding ecosys-
tems are essential to marine life and because they are the waters
most heavily impacted by human uses. These regional seas, as en-
claves of the world ocean, contribute to the interplay of water and
air that influences the climates of the world. Thus coastal seas are
not only habitac for the most varied species of marine life, but also
directly affect the climate and weather of the surrounding land.
Since early times they have provided linkages between the various
peoples of the world through long-established routes of trade, ex-
ploration, and migrartion.

All of these characteristics of coastal and enclosed seas are there-
fore highly relevant to human interests and activities. They are av-
enues of commerce (and conflict). They are accessible sources of
food, medicinal compounds, minerals and energy. They are also
important areas of scientific study and technological innovation.
For all of these reasons, the greater part of human popularions are
found along or near their shores; and these numbers are growing.
Although economic interest explains much of this pattern of set-
tlement, humans have shown a deep fascination for the sea, ex-
pressed in painting, sculprure, music, literature, and myth. This
tradition often includes depictions of gods and other deities of the
sea, notably in the culture of seafaring peoples.

Prior to the twentieth century, cumulative human impact upon
the seas was not great. Bur the formation of nation states, advances
in navigational and maritime technology, and an explosive growth
of manufacturing, agriculture, and human populations with de-
mands for natural resources, enlarged and intensified the impact of
human activities, initially in enclosed coastal and regional seas, but
uitimately affecting the entire world ocean.

xix
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Coastal states became competitors for the resources of the sea
and projected their artificial but legal jurisdiction into their adja-
cent waters. Thus the intensive use of enclosed and coastal seas de-
veloped withour institutions appropriate to their governance. Na-
tional state sovereignty and jurisdictions were exercised in the per-
ceived interest of maritime countries, chiefly on behalf of their na-
tional economies, represented by fishing, shipping, energy and
mineral development, naval scrategy, waste disposal, and recre-
ational tourist facilities.

As the maladaptive character of conventional international law
for the management of human activities in multinational warers
became evident, some governments negotiated joint institutional
arrangements for protective purposes and the settlement of dis-
putes. Early among these was the Incernational Joint Commission
(IJC), established by the Boundary Waters Treaty of 1909 between
the United States and Great Britain (for Canada). The Canadian-
American Great Lakes became a major focus for the IJC. But not
until 1975 was a comprehensive multinational effort toward man-
agement of coastal seas initiated on a global scale. The United Na-
tions Environment Programme (UNEP)} launched the Regional
Seas Programme, now the Oceans and Coastal Areas Programme.
To date, UNEP has assisted in the establishment of thirteen re-
gional and coastal seas arrangements, and separate transboundary
agreements also have been made for the Baltic and North Seas.
The relative effectiveness of these agreernents is not easily mea-
sured. A new dimension to international policy for coastal and en-
closed seas has been added by the UN Convention on the Law of
the Sea, which came into effect in 1994.

The scope and volume of the many elements of the sea necessi-
tate a comprehensive multidisciplinary approach to their descrip-
tion and understanding. The pressure of human uses on the seas
and their lictoral estuaries and tributaries requires coordinated man-
agement.

The chapters comprising this volume were originally prepared
for the Second International Conference on the Environmental
Management of Enclosed Coastal Seas (EMECS), held in Bala-
more, Maryland, November 10-13, 1993, The first EMECS con-
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ference, meeting in Kobe, Japan in 1990 was sponsored by the Gov-
ernors and Mayors’ Conference on the Environmental Protection
of the Seto Inland Sea and by Japan’s Environmental Protection
Agency. The Baltimore conference was initiated by the State of
Maryland and the Coastal and Environmental Policy Program of
the University of Maryland with assistance from federal agencies
— especially the National Oceanic and Atmospheric Administra-
tion and the Environmental Protection Agency — and the Kobe
government and others.

The fate of the seas and especially of enclosed coastal seas can-
not safely be left to chance or to inappropriate legal regimes. This
is why conferences such as EMECS are important and why the
eighteen chapters comprising the volume are very diverse. If the
full dimensions of the seas are to be comprehended, they must firse
be viewed through compound lenses. The various aspects must
then be brought together in a synthesis that permits their sustain-
able management as complex integrated ecosystems. We are only
now beginning to learn how to do this. These chapters represent a
major step toward identifying the task in its multiple aspects while
ignoring no significant value. This important volume is, in effect,
a nautical chart showing us the course to be taken and the things
to be done to save the seas from misguided human impact.

Lynton Caldwell
Professor Emeritus
Indiana University, Bloomington
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Coastal seas are among the most productive ecosystems on earth.
Shaped by the shores of continents, they provide seafood and safe
harbor, history and heritage for many different culeures. High-
lighted here are a number of coastal seas that have drawn the ac-
tention of scholars and researchers, who have focused on the
strategic, economic and cultural significance of these very special
boundary waters between land and open ocean.






Bearings: An Introduction

Stacy D.VANDEVEER AND
L. ANATHEA BROOKS

Regional and coastal seas, like all large bodies of water, are strange
and beauriful places, the setting and inspiration for a complex range
of human activities. They have fed us, provided us with riches and
fostered our dreams; they have brought us rogether and kepr us
apart. Ac the dawn of the twenty-first century, many of the earth’s
great seas are showing signs of wear. For their service to humanity
they are now paying a considerable price. However, many among
us are intent upon “saving the seas.” The list of individuals and
groups is long and varied: it includes rescarch scientists, fishermen,
tourists, environmentalists, private industries and property own-
ers, elected officials from all levels of government, and public
agencies, departments and ministries. All are engaged in innumer-
able political, social, economic, moral, and scientific debates con-
cerning how the seventy or so seas of the world should be used
and protected.

Saving the Seas is intended to afford students, scholars, and oth-
er interested citizens the opportunity to acquire a general under-
standing of the main processes of, and challenges to, enviton-
mentally inspired science, activism, and policy. Before we describe
the volume in some detail and outline its themes and structure, let
us first say what this book is not. Saving the Seas is neither a mani-
festo calling all good citizens to arms in the defense of the seas, nor
a primer outining why or how one should go about “saving” their
local sea. In fact, given the lamentations (some almost eulogies) of
many of the volumes’s contributors regarding the state and utility
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of knowledge in the respective disciplines, it is not at all clear that
such a “how to” manual could even be written.

This volume examines the normative bases of environmental
concern, science and governance through a focus on regional and
enclosed coastal seas. The volume presumes that readers have only
minimal knowledge of the range of scientific and philosophical is-
sues relevant to the governance of coastal seas. While some issues
addressed in the volume are unique o seas — or to a single body
of water — many are not. How social actors attempt 1o deal with
the tension between particularities of specific ecosystems and gener-
al characteristics of environmental management is a central theme
of the coneribured chapters. As such, the volume includes contribu-
tions from a number of individuals whose careers have been cen-
trally concerned with seas-related values, science, or policy. In ad-
dition, chapters by distinguished scholars for whom this volume
represents their first voyage into matine issue areas have also been
included. We endeavored to combine this diverse group of scholars
with the hope that their differing points of scholarly and profes-
sional origin would inform one another’s work, and help to reveal
the extent to which various aspects of contemporary environmen-
tal science, activism, and policy are grappling with similar issues
related to the social and physical complexities of environmental
management.

In recent years there has been a proliferation of single-author
texts and articles on the plight of specific species and regional seas,
international environmental cooperation, and the interface be-
tween science and policy (many of which were written by contrib-
utors to this volume). However, there have been few attempts to
caprure the spectrum of these issues and their relattionships to one
another.! In addition, little actention has been paid to the underly-
ing motivations for environmental demands such as calls for “sav-
ing” seas. Yet scientists, policymakers, and citizens the world over
are attempting to protect and restore their shared environments.
The extensive scientific and political activity concerning the
world’s coastal seas affords numerous opportunities for innovative
attempts at environmentally inspired cooperation.
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Recently, a critical mass of general assessments of the state of
the earth’s marine environment has been completed. Although dif-
ferenc in method and recommendation, these reviews agree thac
the oceans of the world, to which regional and enclosed coastal
seas are connected, are in serious trouble. It has become clear thar,
despitc their limitless appearance, the oceans’ resources and capaci-
ty to absorb and disperse the by-products of human activity are
not infinite.* Even the review of marine ecological quality and re-
source levels in The True State of the Planet, which is decidedly
skeptical of environmentalist claims (billing itself as “a major chal-
lenge to the ¢environmental movement”), states that “pollution,
habitat destruction or modification, and over fishing” are serious
problems, “particularly scvere in estuarine and coastal areas.™

Seas differ from the open ocean not only in their proximity to
land, their smaller size and relative shallowness, burt also in their
productivity and utility to human beings. Under the definition as-
sumed here, the largest of lakes and cstuarine bodies may be con-
sidered seas. The United Nartions term “regional sea” applies to a
landlocked ¢4 Oor one with a very sluw turnover rate with waters
from the open ocean. Thus, the Baltic and the Black Sea are both
regional seas. The term “coastal sea” describes that portion of a sea
closest to shore and, for many reasons, of most concern to human-
ity. The Seto Inland Sea is an example of a coastal sea. For the pur-
poses of this volume, regional and coastal seas serve as vehicles for
an examinarion of the connectedness berween science, moral, and
aesthetic values, and regional and international governance.

ROUGH SEAS

There is no question that historic species extinctions and declines
in abundance have occurred in many of the carth’s coastal seas. In
Europe, for example, one can look to Pliny the Elder for descrip-
tions of the former abundance of fish in the Mediterranean.? In
North America, accounts of settlers and explorers from a Europe
already characterized by scarcity describe seas of plenty ripe for the
centuries of commercial acrivity which ensued.? The effects of
overfishing, pollution, exotic species introductions, and land use
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changes have been enormous, both on habitat and diversity of life,
and the cumulative threat of global climate change portends still
greater changes.® Anadromous and catadromous fish are rarer not
only in coastal seas but in the brooks, streams, and oceans to and
from which they migrare, and, consequently, the abundance and
diversity of their prey and predator species have been altered as
well.” Changes in nutrient loads carried in and our by tides or cur-
rents upser natural balances and processes, and may lead, in the
absence of proper regulation, to frequent algal blooms and fish
kills.® Top predartors, be they sea lions, albatross or barracuda, are
rarer now than in the past due ro competition with humans for a
limited catch and the effects of accumulated roxins in their bodies.

Some people were aware of these effects before the Earth Day
generation appeared. Over a cenrury ago George Perkins Marsh
wrote cogently about the changes wrought in the seas by allowing
new species to travel through canals from one sea to another, or by
purposeful introductions for aquaculture. He wrote of the up-
stream erosion caused by logging and the subsequent turbidity and
silting of coastal waters, and of overexploitation which led to the
extinction of marine animals.” Marine pollutants, however, do not
enter the seas exclusively by way of water transport in rivers and
streams. It is estimated thar approximately one-third of such pollu-
tants find their way into marine environments through the air.!°
In addition, pollutants enter marine waters by way of ocean dump-
ing and marine vessels.

Most biodiversity at higher taxa occurs in the sea; in fact, over
half of all phyla are exclusively marine.!" Coral reefs, located in
shallow tropical seas, are ecosystems comparable to the neotropical
rain forest in their diversity; they are especially ar risk from changes
in physical factors such as temperature, turbidity, salinity, and pro-
portions of heavy metals. According to organizations such as the
Fisheries Division of the FAO, overfishing, not pollution, is the
single most significant cause of depletion of commercial fishing
stocks.!? In fact, FAO considers all seventeen of the world’s major
fishing areas to be exploited at or beyond their limits, with nine of
these experiencing setious decline in stocks.!?
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When organisms of other trophic levels are considered, howev-
er, pollution accounts for a significant loss in species diversity. In
the Baltic Sea, eutrophication is blamed for the decline in benthic
invertebrates, while in the Great Lakes the levels of mercury, lead,
and polychlorinated biphenyls are so high that consumption advi-
sories have been issued for pregnant women.'é Oysters in the
Chesapeake Bay, already at the lowest numbers ever recorded, are
infected with diseases quite likely brought on by the stresses of var-
ious contaminants and turbidity. The resilience of the oyster —
and, by extension, the entire Bay — is being overtaxed.

WHAT SEAS, WHAT SHORES, WHAT GREY ROCKS
AND WHAT IsLANDSs'?

Examining the roles of scientists and of the information they pro-
duce in social discourse and politics does not answer questions
about the motivation fer environmentally inspired advocacy, nor
does it identify all of the values ar the root of scientific research
and political activity. The contributors to this volume are in gener-
al agreement that values lie at the foundartion of environmental ac-
tivism, and thar a personal link to a location, a so-called “sense of
place,” is important in creating and maintaining community com-
mitment to manage local resources. A sense of place is an attach-
ment rooted in personal experience, history, religion, or culture,
rather than economics alone.

Human relationships with their natural environment are en-
hanced by a sense of commitment to and identity with family,
neighborhood and the local cultural heritage. It is in light of this
commitment that the preservation of local ecosystems becomes a
vital part of successful governance plans. Whenever communities
revitalize harbor areas, designate historic coastal sites and national
seashores, and control ocean dumping and pollution, they succeed
in rekindling pride of place and a sense of partnership with the
landscape. Cities from Boston to Trieste have demonstrated suc-
cess 1n reviving the historical and cultural heritage of their warer-
tronts, and fostering a sense of community among neighborhood
residents. A sense of community encompasses not only one’s fami-
lies and neighbors, but one’s place in the local ecosystem as well.
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Former Speaker of the U.S. House of Representatives Thomas
2 “Tip” O’Neill was famous for his exhortation that “all politics is
local.” To a great extent, this is true of environmental protection as
well. Ministerial meetings and national legislatures may sign con-
ventions and make laws, but the effectiveness of these trearies and
statutes depends largely on the political will of local communities
to enforce them. Environmental scientists, activists, and policy-
makers may need to recognize that coastal seas have great value for
people as places, not just as resources, and thereby come to under-
stand environmental protection in cultural and political, not just
scientific and economic terms, It may be that a sense of place must
be actively fostered in order to mobilize the community commit-
ment necessary for ecological protection.

Bur local “places” are not the only foci of community, nor the
only type. There are communities based on experience and knowl-
edge, as well. Members of such communities also share and pro-
mulgate cerrain values. They also have interests and preferences for
environmental management. It has often been suggested that, if
communities decide what kind of an environmenct they want and
are willing to pay for based on their shared values and interests,
science can help them get there.'® Many of the chapters in this
volume, however, remind us that scientists also have values and be-
long to communities.

SCIENCE, SCIENCE EVERYWHERE . . .

Scientific knowledge — its creation, dissemination and use — is
central to environmental politics. One cannot hope to understand
such politics without examining the sorts of informational “inputs”
which scientific research provides to public debate and policymak-
ing. This is especially true with respect to coastal and regional seas.
Often there is as much debate among scientists abour “what is real-
ly happening” in a body of water as there is on the floor of the most
contentious of parliaments.

Whether one conceives of science as research, based on the sci-
entific method of hypothesis testing and the accumulation of data
over time, or as a more consensual praxis, it is usually funded by
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governmental agencies, private interests, universitics, or organiza-
tions involved in political advocacy. These bodies are likely to have
values, goals, interests and timetables different from those of re-
search scientists. In addition, scientists are frequently engaged in
setting {and sometimes enforcing) regulatory rules and norms, ei-
ther through direct employment by states or by involvement in
professional associations and political advocacy groups. Such orga-
nizations, if they are to speak with authority, must actain some
measure of consensus on what they consider to be relevant norms,
rules, values, and objectives. Participation in collective or societal
decisions requires thar scientists “leave the lab” and face the uses o
which the information they produce is put. A number of contribu-
tors consider whether the necessities of funding and consensus
conflict with or affect scientific research methods and agendas and
if the products of such research are helpful in the formulation of
ecologically sound policy.

Due to the magnitude of anthropogenic change to the environ-
ment, the management and planning focus of environmental poli-
cy must be broadened to consider larger ecosystems. However,
much ecological information is specific to one scale, and is mean-
ingless at another. If, for example, a small parc of an ecosystem is
destroyed — a marsh filled for development, say — the larger
overall ecosystem remains viable. Yet the marsh, which can also be
seen as a coherent, if much smaller, ecosystem, is gone. Eventually,
if every marsh in an estuary is filled, the larger system will no
longer be a fertile link between the land and the sea, and no longer
serve as a source of nutrients, a breeding ground, or a sink for the
wastes of human activities.

What is it that policymakers and citizens want from the au-
thoritative voice of scientists in this situation? Do we want to
know the exact number of marshes that can be filled, while leaving
the larger ecosystem funcrioning for breeding or for waste recy-
cling? Even if questions were put to scientists in this specific form
(which they almost never are), could scientists answer them?
Would they? Are the answers to such questions verifiable through
scientific theory and testing? Are they political? Can the two
spheres really be separated?
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THE QLD IDEAS WON’T DO

Citizens, scientists, policymakers, and environmental managets
call for “saving” coastal seas. Whart does this mean? How does one
determine when an ecosystem needs to be saved or has been saved?
Many who make such demands take liberties with scientific evi-
dence, yet even when criteria for success exist parties often disagree
about how to apply them. Vague and highly aspirational manage-
ment goals land in the laps of regulatory bureaucracies and judicial
systems which must then make the compromises that define them.

Must the governance of coastal seas respond to international
democratic processes? Populist political movements and attitudes
have strongly affected, for example, goals and policies governing
environmental management in the Baltic and North Seas. Howev-
er, professional and populist groups conceive of what is to be man-
aged differently. From an economic perspective, a sea is a resource;
this approach seeks to maximize benefits a sea offers to mankind,
while, as mentioned earlier, a sea is a place to many ordinary citi-
zens. At present, the two approaches propose very different goals
for very different objectives.

If specific management goals prove elusive, should we then
choose an ideology? The precautionary principle, for example,
would shift the burden of proof, requiring industry to demonstrate
it will not harm the environment, rather than forcing regulators to
prove that an economic activity creates harmful externalities. The
problem is obvious: press the precautionary principle hard enough
and no human activity could pass its test. Concepts and principles
such as contingent valuation, sustainable yield, biclogical integrity,
ecological health, or the protection of biodiversity are also suggest-
ed as sources for reasonable management objectives. Like the pre-
cautionary principle, however, they do not preclude the necessity
of drawing arbitrary lines and defending and legitimizing them.

Unecertainty exists as to what a “clean” marine environment ac-
tually is or would be. Management policies can be based on goals
such as water quality standards or rules like effluent limits. At pre-
sent coastal seas regulation generally relies on both standards and
limits, that is, on goals and rules. Yer the relationship between
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them remains unclear. Some commentators suggest “restoring”
marine environments to a previous condition ~- say, to the state of
the ecosystem in 1955. The year is arbitrary, of course, except for
the publication of Rachel Carson’s The Edge of the Sea, and it may
be economically unfeasible. However, restoration to an earlier con-
dirion mighe satisfy populist concerns while giving managers a re-
alistic agenda.

Coastal and regional seas often lie within multiple national ju-
risdictions. The environmental issues such as those associated with
these seas demonstrate the complexity of the relationships between
international pressures, conceptions of a “national interest,” and
domestic political constituencies. National boundaries and econ-
omies are so porous to outside capital, pollution, ideas, constituen-
cies, and norms that one may question their conceptual relevance.
The traditional concept of sovereignty envisions “hard shell” bor-
ders around territorial units. Traditional international relations
theory assigns nation-states domestic autonomy and has them act
as relatively unitary, rational agents in the anarchical international
atena. How relevant are the traditional approach and its conceptu-
al foundations in designing solutions to environmental problems?
Democratic publics may want the sea to be “clean” and the sea li-
ons to be “saved,” but citizens seldom rally in support of cod
stocks.

CHARTING THE COURSE

Saving the Seas is organized into four sections. Consistent with our
conviction that value orientations — some explicit, some implicit
— are crucial to any understanding of environmental concern,
governance, and the selection or identification of the types of envi-
ronmental problems and the aspects of scientific information
“most relevant” to such issues, the volume begins with five chap-
ters which explore the moral, cultural and aesthetic bases of ¢nvi-
ronmental concern, activism and scholarly inquiry. In Parc I, “Val-
ues, Places, and Nature,” six authors discuss various ways in which
nature is defined and valued and why it is that we care deeply
about natural places and environments. Fundamental issues such
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as the nature of the relationship of humans to their natural envi-
ronment and the emotional and ideological content of environ-
mental activism and politics are at stake in these debares. The au-
thors in Part I agree that one can not ignore the strength of the
normative concerns underlying public and elite attitudes and envi-
ronmental policy and law. Nowhere is this more clear than with
regard to the coastal and regional seas, on which so many of us live
and to which so much history and culture is connected.

In chapter one, Mark Sagoft argues that the relationship of hu-
mans to environments such as enclosed seas is undergoing a fun-
damental transformation with important political and social rami-
fications. Seas, according to Sagoff, are not viewed in utilitarian
terms by those who want to “save” them. Rather, many seas have
achieved a kind of moral status. They are seen, by many who live
around them, as “places” of glorious cultural heritage and aesthetic
beauty. As with other morally-based restrictions on self-interested,
profitable practices, cleaning up and protecting regional and en-
dosed seas has come to be viewed by many as “the right thing to
do” even when it is not cost effective. However, human connec-
rions to environments or “places” vary dramatically across cultures
and between individuals. Stephen Kellert’s contribution (chapter
two) enumerates and describes a set of values which define people’s
connections to coastal environments. Although individuals and
collectives may prioritize the values differently, he asserts that the
set of values remains important in its entirety — none can be ig-
nored and tensions between different values are inevitable.

Given the degraded state of many natural environments, many
must be restored before they can be protected. In the midst of de-
bates over the “values” associated with pristine, degraded, and re-
stored marine environments, Richard Ambrose (chapter three) ad-
dresses the difficult question of how to measure the ecological val-
ue of “restored” environments. In chapter four, Roberr Nelson ex-
amines the culturally overdetermined motivations behind such
“restoration,” exploring the concept’s ethical and religious founda-
tions in order to explain the zeal with which ecological restoration
has been pursucd.
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Michael Thompson and Alex Trisoglio (chaprer five) close Part
I with their illustration of the many complexities and ironies in-
herent in environmental management. Thompson and Trsoglio
unpack the values embedded in our understanding of manage-
ment. They discuss the so-called “Newrtonian approach” to ecosys-
tem management, outlining the concept’s reliance on an under-
standing of a system as a series of linear relationships characrerized
by predictability. Given the extreme complexity of ecosystems such
as regional seas and what Thompson and Trisoglio call their “in-
trinsic unpredictability,” the authors call for a less control-oriented
approach to environmental management which gets away from
the need to order and direct the whole ecosystem. While the au-
thors in Part I differ somewhat in the emphasis they place on spe-
cific values, they agree thar it is this realm which shapes and links
environmental science, public policy and activism.

Part II, entitled “Scientists, Certainty, and Knowledge,” con-
tains chapters by research scientists, social scientists, and policy sci-
entists. These five chapters contain a similar proviso; science can-
not provide the single correct answer, and it cannot, in fact, auto-
marically inject objectivity into policy processes, thereby eliminat-
ing or reducing the influence of “politics.” In addition, the authors
in Part 11 are generally dismissive of ideas of linear science in favor
of more holistic viewpoints. This view is especially important re-
garding ecology and conservation biology, sciences still quite weak
in predictive ability. The practice of science entails precise, me-
thodic work within the constraints of experimental design and var-
ious types and levels of uncertainty. Such uncertainty arises from
sources such as variabilicy within known confidence intervals, nor-
mal ranges of fluctuation over time within known parameters, and
even from debate about whether the right model for a specific
phenomenon has been selected. Scientists generally know that
they are working to find “the right answer until they find a better
answer.” However, this is often difficult for layman to accepr.
Thus, scientific communities struggle to maineain their authorita-
tive or “expert” status even when they cannot make promises to
political actors.
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The first two chapters of Part 1, both written by ecologists, ex-
amine the nature of scientific research and the utility of its find-
ings for the formulation of regulatory policy for the protection of
regional and enclosed seas. Picking up themes from Thompson
and Trisoglio’s contribution, Frieda Taub (chapter six) discusses the
predictability of ecosystem function and the difficulties of speak-
ing to policy makers in the vocabulary of uncertainty. Daniel Sim-
berloff (chapter seven) reviews the science and role of conservation
biology in coastal preservation, assessing its substantial limitations
as well as its current and potential contributions. As an illustration
of the international science-policy cooperation necessary for a
comprehensive assessment of a large marine ecosystem and the sci-
entific knowledge associated with it, Jean-Paul Ducrotoy (chapter
eight) presents a brief case study of the “scientific approach” 1o en-
vironmental management used by the North Sea Task Force (NSTF).
Ducrotoy outlines the NSTFs contributions to North Sea science
and discusses the role played by the so-called “scientific approach” in
the successes, limitations, and eventual demise of the organization.

In chapter nine Peter Haas focuses on the role of scientific or
“epistemic” communities in the international policy arena, com-
paring their influence on regional environmental cooperation and
policy making in the Mediterranean and North Seas. Haas argues
that institutionalized international environmental cooperation
which is informed by an active epistemic community is more
durable and superior to thar which does not include such a com-
munity. Continuing themes from preceding chapters, Part [I con-
cludes with a chapter (ten) by Sheila Jasanoff which examines the
relationship between science and policy. Jasanoff considers why it
is that policy makers and publics turn to scientists, especially those
associated with scientific communities, for authoritative informa-
tion and policy recommendations. In addition, she explores the in-
centives for scientists to create and participate in professional
“communities,” thereby casting considerable doubt on the accura-
cy of simplistic understandings of the science-policy relationship.

As previously noted, most of the world’s major regional and en-
closed seas lie within multiple nadonal jurisdictions. As such, the
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four chapters which constitute Part I1I, “International Gover-
nance, Actors and Institutions,” examine changes in both the the-
oty and practice of international relations, the neglect these changes
have received in the field’s literature, and the detrimental effects
such neglect may have on the theory and practice of international
environmental politics. In order to fusther the development of ef-
fective international governance, it is important to understand the
processes of contemporary international policy making and their
relationship to the theoretical and conceptual underpinnings of
the international system. Thus, one must examine the morivations
and institutional structures of some of the “new” actors in interna-
tional politics such as international corporations, environmental
NGOs, and “ordinary” citizens.

To begin Part I1I, Craig Murphy (chapter eleven) discusses the
history and current role of diplomatic leadership in international
governance. Murphy examines three types of leadership character-
izing past successful international agreements in civil martters and
assesses the availability of such forms of leadership vis-a-vis con-
temporary international environmental issues. He argues that ef-
fective international environmental agreements are unlikely to ma-
terialize in the absence of agreement on other conflicts associated
with industrialism. Stacy VanDeveer (chapter twelve) addresses the
role played by transnational norms in the changing nature and
content of the concept of state sovereignty. VanDeveer argues that
environmental politics at the international level, and the transna-
tional norms contained therein, are already contributing to a recon-
ceptualization of state sovereignty. Rather than viewing the inter-
national system as immobile and unchangeable, he suggests, those
interested in environmental protection must push harder for insti-
tutionalization, at the state and international levels, of norms asso-
ciated with ecological protection.

In chapter thirteen, Virginia Haufler explores the often neglect-
ed role of the private sector in international environmental protec-
tion regimes. Given the enormous resources of multinational cor-
porations, Haufler argues, neither scholars nor environmental ac-
tivists can afford to ignore the tremendous potential which exists
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for even a modest “greening” of the private sector. The final chap-
ter in Part II1, by James Rosenau {chapter fourreen), examines the
changing capacities of citizens to participate in international rela-
tions. Rosenau identifies four types of citizens and four types of
environmental issues. He argues that cerrain types of citizens are
more likely to affect different types of environmental issues — and
vice-versa.

In Part IV, “Approaching Ecosystem Governance,” contributors
discuss ongoing and potential regional and global arrangements
for sound international environmental governance. These four
chapters bring together the overlapping realms of values, science,
and international relations through their reflections on various en-
vironmental governance experiences. In chapter fifteen, Ron
Shimizu and his colleagues examine the evolution of the role of
governmental organizations in ecosystem protection and rehabilita-
tion in the Grear Lakes Basin. In order to accommodate an “ecosys-
tem approach,” the authors suggest, environmental managers must
balance the complex and often variable needs of an ecosystem with
those of human stakeholders. They believe that such an approach
can be informed by concepts from theoretical ecology which con-
tribute to our understanding of dynamic and hicrarchical systems.
In a companion piece to this chapter, George Francis and Sally
Lerner (chaprer sixteen) discuss the influence of local citizens’
groups and influential NGOs on science policy and governance in
the Great Lakes Basin. Francis and Lerner outine a number of
ways in which NGOs and governmental organizations can collab-
orate to produce more successful biodiversity conservarion and the
transformation of environmental politics.

The last two chapters represent much greater departures from
traditional approaches to international relations and international
environmental governance. In chapter seventeen Rafal Serafin and
Jerzy Zaleski analyze the prospects for effective ecological gover-
nance around the Baltic Sea through the formulation of a “Baltic
Charter” which would reflect, and help to enhance, shared region-
al interests, community and transnational identity. More than a set
of vaguc environmental goals for the region, Serafin and Zaleski’s
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Charter would attempt to place regional environmental coopera-
tion within the contexts of increased regional economic, political
and cultural integration. Finally, Ronnie Lipschutz (chapter eigh-
teen} discusses emergent “global” cooperation through “networks
of knowledge and practice.” These networks, Lipschutz argues,
may lay the groundwork for an “emerging global civil society”
which could facilitate greater environmental protection and preser-
vation in a more decentralized, less state-centered fashion based on
grassroots communicarion and the transnational sharing of rele-
vant knowledge.
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Why Save the Seas?

MARK SAGOFF

Environmental protection and economic exploitation cannot be jus-
tified using the same vocabulary. Protection is inspired by objec-
tive moral reasons and cultural attitudes, while exploitation is mo-
tivated by the self-interest of the individual, the corporation or the
state. In fact, economic exploitation is often insensitive to the
qualities of the seas that we cherish and wish to protect. As we an-
alyze why is it that nations should agree to save the seas, morally
and culrurally contingent views often take precedence over purely
economic considerations. Thus, for example, the precautionary
principle became more important than cost-benefit analysis in re-
gimes protecting the North Sea and other areas. In this chapter I
explain that our moral imperatives make us wish to keep nature,
an object of contemplation, from turning into environment, a bas-
ket of functional uses. Likewise, we wish to keep places, our sacred
connections to the earth, from becoming simply resources.

WHO CARES?

On January 16, 1990, six protesters swarmed aboard the British
National Power ship MVA as it prepared to discharge 500 tons of
coal ash in the Notth Sea. Greenpeace in its flamboyant way acted
as a vigilante to enforce an agreement European Environmental

21
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Ministers signed in London in 1987 and strengthened at another
Ministerial meeting held at The Hague in 1990. The British ship
— clinker and all — returned to port. Afterwards, National Power
said it would suspend dumping “for the time being.”! In this in-
formal way, Greenpeace protesters forced the British government
to comply with an international agreement it had signed prohibit-
ing ocean dumping. Members of envireonmental organizations have
tried to make international rules stick by disrupting and videotap-
ing illegal whaling operations and occasionally by sinking illegal
ships in port.? Why do they do this? Whar inspires environmental
groups to oppose those whose economic interests depend on activ-
ities detrimental to the ecological character and integrity of en-
closed and coastal seas?

These protesters themselves have no apparent economic inter-
ests of their own at stake, They act from ethical commitmenc rather
than economic investment. Their members and supporters are
moved by ideological, moral, or political beliefs rather than by
self-interest. Those of us in the general public who support the
aims of Greenpeace, if not its methods, likewise have no financial
stake, as a rule, in the fate of walruses, sea horses, or whales. Mem-
bers of the general public may root for or against Greenpeace as
they would for a soccer team, wholly as a matter of principle or
partisanship, not because they have a monetary interest in the re-
sult.

The ideological, ethical, or political — as opposed to economic
— basis of support for Greenpeace and other environmental orga-
nizations raises an amusing question. Why is it that those who
seek to protect the environment generally are motivated by non-eco-
nomic concerns, while their opponents nearly always have eco-
nomic interests 2t heart? Those who have no financial stake in an
enclosed coastal sea are the most likely to argue for regulations to
protect its ecological integrity and aesthetic quality. It seems that
anyone who has an economic interest or stake in the condition of
enclosed and coastal seas, in contrast, opposes the policies environ-
mentalists promote. Commercial fishermen in the Chesapeake
Bay, the Baltic, and the North Sea, for example, have an economic
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stake in the quality of the seas, particularly in the integrity of fish-
eries now decimated by overharvesting. Nevertheless, fishermen
lobby furiously against total allowable catch (TAC) limits and oth-
er restraints intended to limit the overharvesting responsible for
the collapse of coastal fisheries. Why is it that those who use the
seas seem hellbent on destroying them, while those intent on sav-
ing the seas have no financial interest at stake?

EcoONOMIC EXPLOITATION OF COASTAL SEAS

When The Netherland’s royal consort Prince Claus opened a con-
ference of Environmental Ministers at The Hague in 1990, he said
that the North Sea was becoming a “cesspool.” No one replied
that this might be a good thing from an economic point of view. A
rigorous weighing of costs and benefits, however, might come ro
that conclusion and call for looser rather than more restrictive con-
trols on dumping into coastal and inland seas.* Perhaps economic
efficiency — the allocation of resources to their most highly val-
ued economic uses — is consistent with the ecological destruction
rather than protection of coastal and enclosed seas. This would ex-
plain why user groups oppose while ideological groups favor
stricter rules for environmental protection.

At first impression, it might seem that a perfectly compertitive
market — one that allocates resousces to their most profitable uses
— would not protect the seas. This is because the major economic
uses of coastal seas are largely insensitive to water quality. Three
such uses come to mind. First, many of these seas drain highly
populated industrial areas. From this point of view, indeed, one
might characterize the North Sea, the Baltic Sea, the Chesapeake
Bay, and other seas as God’s Own Cesspools, created so that indus-
trialized nations may cheaply and safely discharge their wastes.
Second, regional seas are used as liquid highways. The North Sea,
for example, may have the most intensive traffic: over 420,000
major commmercial shipping trips occur there each year. Third,
coastal seas are often sites for mining, particularly, for the produc-
tion of gas and oil. In 1990, there were 160 gas and petroleum
drilling platforms in the North Sea, and proven reserves of oil, in
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just the area of the North Sea conrtrolled by Norway, exceeded 12
billion barrels and proven reserves of natural gas exceeded 82 tril-
lion cubic feet.®> Figures such as these suggest asking whether the
efficient and economically rational thing to do is to make the
North Sea an environmental sacrifice zone. What economic argu-
ment could possibly provide a justification for efforts to restore the
Sea to its preindustrial ambience?

These three basic economic functions of enclosed and regional
seas — to dispose of wastes, to carry ships, and to mine gas and oil
— are basically insensitive to water quality. A sea will float boats
equaily well whether or not it is in pristine ecological condition.
The use of the seas as liquid highways — and for recreational
boating, for that matter — is consistent with a great deal of pollu-
tion. And the legendary abundance of gas and oil is a cause of —
not a reason to prevent — ecological deterioration in the North
Sea. When we consider the enormous amounts of money involved
in disposing of industrial and municipal wastes, shipping, and the
mining of gas and oil, we may wonder whether an honest
cost-benefit analysis would call for more, not less, pollution and
ecological dererioration of coastal and inland seas. Why not regard
the North Sea, the Baltic Sea, the Seto Inland Sea, and so on, as
intended by Nature to be consecrated as sewers, as liquid high-
ways, and as mining fields for valuable minerals? Plainly, this is not
a conclusion any of us wishes to reach. Why not? What reasons
have we for saving the seas?

One might look to fisheries for a reason to protect coastal and
enclosed seas. The protection of fisheries, however, would not
clearly provide grounds to regulate pollution, for example, to roll
back nutrient loadings by 50 percent or 40 percent, as called for
by conventions covering the North Sea, the Baltic Sea, and the
Chesapeake Bay. This is true for several reasons. First, commercial
fishing in these areas and worldwide is unprofitable and, in that
sense, lacks economic value. According to the Food and Agricul-
ture Organization, “A comparison of estimated gross revenues of
marine catch with the estimated costs of the global fishing fleet
produces a remarkable conclusion. These calculations indicate thar
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the annual operating cots of the global marine fishing fleet in
1989 were in the order of US$22,000 million greater than the to-
tal revenues, with no account being taken of capital costs.”

Second, it is far from clear that all pollutants affect fisheries
only in negative ways. Dumping that occurs far out at sea — in
open water — may have no affect on shallow areas where nutrients
exist to support fish populations. Sewage loadings, by adding to
nutrient levels, can feed pelagic fishes as well as filter-feeding shell-
fish. The United Kingdom has contended for years — offering an
enormous amount of scientific evidence — that its marine dispos-
al of sludge has no deleterious effect on fisheries.” Exhausted
stocks such as herring, the subject of a moratorium in the 1970s,
bounced back when harvesting abated even though pollution in-
creased. In the Baltic, reportedly, total “fish catches, dominated by
herring, sprat, and cod increased tenfold in the past fifty years and
doubled in the last twenty-five years.” This increase is artributed in
part to added nutrients since these feed young fish.® Certain pollu-
tants, notably heavy metals, plainly can be harmful in significant
concentrations, which may occur in the immediate vicinity of a
polluting source, but this would not justify a 50 percent reduction
in nutrient loadings or an end to dumping ash, sewage, and many
other wastes in open waters.

The principal problem for fisheries in the North Sea, the Baltic
Sea, and the Chesapeake Bay has not been pollution but overex-
ploitation.” The same situation obtains worldwide: overfishing is
the preeminent cause of fisheries declines. One would think, then,
that the maritime nations would do something to halt overfishing
and then turn to the comparatively insignificant problem of con-
trolling pollution. Yet as of this writing, the members of the Euro-
pean Community have not been able to agree on effective TAC
limitations. The fishing industry, though it is doomed to harvest
itself out of business without TACs, zealously opposes them.

Many observers might think that it is insane for commercial
fishermen to oppose controls on their free access to the commons,
knowing, as they must, that without limits of some sort they will
surely destroy the resource on which they all depend. Commercial
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fishermen may have little choice in this matter, however, in view of
the technology they have acquired to hunt fish. The imposition of
a two-day fishing season for halibut on the Pacific coast of the
United States, for example, led only to a violent high-tech fishing
frenzy, involving faralities, copious spoiled fish, and lost boats,
while consumers almost never see fresh halibut in shops.

To counter depletion of oysters in the Chesapeake Bay, authori-
ties have imposed tight harvesting restrictions, requiring that only
sailing craft (skipjacks) and other eighteenth century technologies
be employed. The Bay may succeed as a museumn under these re-
strictions; aquaculture produces 90 percent of all oysters sold on the
market today.! Short of requiring a technologically advanced and
highly industrialized capture fishing fleet to return to seventeenth or
eighteenth-century methods, there seems to be no good way to reg-
ulate it. Industrial exploitation is fundamentally inconsistent with a
hunting-and-gathering economy.

According to Elizabeth Mann Borgese, chair of the International
Ocean Institute in Halifax, it makes no sense to apply industrial-
strength technologies to harvest wild species, whether turkeys,
cranberries, or fish. “The industrialization of hunting and gather-
ing is a contradiction in terms. It is simply untenable.”!! Trying to
maintain a capture or wild fishery in the next twenty years or so
might be compared with the attempt to continue to hunt turkeys
and chickens in the wild. When technology is applied to capturing
natural populations of animals — rather than in cultivating do-
mestic stocks — it has to destroy the limited resource it exploits.

The supply of some of the most desirable species — salmon,
for example — suffers from another problem: glut. Norway's im-
mense salmon farming industry produced about 150,000 rons in
1989 and carned US$1.35 billion. Similarly rising production in
Scotland, Canada, the U.S. and elsewhere has caused prices to fall.
In the resulting trade war, the U. S. government slapped a 26 per-
cent duty on Norwegian salmon.'2

Many experts expect capture fisheries to succumb not to over-
fishing nor to pollution but to competition from aquaculture,
much of which will be based in computer-controlled tanks
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inland.'? Aquaculture, in turn, seems doomed eventually to follow
agriculture in Europe in a march roward rising surpluses, subsidies,
and an unholy competition for swamped markets. Norway already
produces in the North Sea more salmon than it can sell, having de-
veloped a productive capacity — despite strict governmental con-
trols on development — of 600 million pounds annually. “But the
growth to new records in production in Norway and other salmon
farming countries, has resulted in falling prices [and] charges of
dumping... Norwegian production of salmon over the next few
years could skyrocker if nothing is done to curb it.”!4

Over the next several years, according to most estimates, “the
commercial availability of major fresh water fish such as striped
bass, walleye, and yellow perch, as well as shellfish species will have
shifted almost entirely to aquaculture production.”'® Farm raised
salmon and shrimp, which now account for about 30 percent of
global consumption of these species, are expected to increase to
much higher levels, while “basically 100 percent of the catfish,
trout, and hybrid striped bass consumed domestically are farm
raised here in the Unired Stares.”'® Nations such as China and In-
dia each vastly outproduce the United States in aquaculture, Chi-
na now produces more fish on farms than it carches in the wild.

Aquaculturalists do not aim simply to replace capture fisheries
as the main source of the more desirable fish species, for this is in-
evitable. The industry goal is to bring the price of these fish down
to become competitive with poultry. “Aquaculture has an advan-
tage over its competitors — the pork, chicken, and beef industries
— because fish farming is more efficient.” The ratio of feed to
mear in weight is 7 to 1 for beef, 4 to 1 for pork, and 2.2 to 1 for
chicken. “Fish, in contrast, need 2 kilograms or less of feed per
kilogram of live-weight gain. Suspended in the water, fish do not
have to expend many calories to move about, and since they are
cold-blooded, they do not burn calories trying to hear their bod-
ies.”1?

Aquaculture has in common with waste disposal, shipping, and
mining a negative effect on the environment. Waste products from
aquaculture can cause eutrophication downstream. Shrimp farm-
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ing and other kinds of aquaculture, moreover, often require the
clearing of mangrove and other natural areas that support wildlife
not used for human consumption. To be sure, aquaculture will re-
quire fairly clean conditions in those specific areas — Norwegian
fjords, for example — where it is practiced, but its overall effect on
the natural environment could be devastating. Industrial fish
farming leads, with respect to coastal seas, to the same kind of
world that ordinary farming has produced on land — a world, ac-
cording to John Stuart Mill:

with nothing left to the spontaneous activity of nature; with
every rood of land breught into cultivation, which is capable of
growing food for human beings; every flowery waste or natural
pasture ploughed up; all quadrupeds or birds which are not do-
mesticated for man’s use exterminated as his rivals for food, every
hedgeraw or superfluous tree rooted our, and scarcely a place left
where a wild shrub or flower could grow withour being eradicat-
ed as a weed in the name of improved agriculrure.'®

Whether the reason is industrial aquaculture, silviculture, or
agriculture, the result is the same: nothing is to be left to the spon-
taneity of nature. The use of coastal seas for the economically
dominant purposes of waste disposal, shipping, and mining exac-
etbate this trend. To be sure, as high-rise resorts and tourist meccas
operate along coastal seas, developers will have an incentive to
maintain decent water conditions for swimming, but this is easily
done, with proper planning. Great Britain among other North Sea
nations has been able to “blue flag” an increasing number of its
beaches (in other words, declare them “clean”) by keeping its
dump sites 200 miles from them.

The planned cleanup of the Baltic and the North Sea will cost
billions. To justify this investment in economic terms, one would
have to point to enormous benefits, especially if one applies a not-
mal discount rate. These factors create at first impression the sug-
gestion that economic arguments do not necessarily favor the pro-
tection of coastal and marine ecosystems. Indeed, economic ex-
ploitation and environmental protection, one might argue, cannot
be justified in the same terms.
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GREENER THAN THOU

Those who wish to save the Chesapeake Bay, the Baltic, the
Mediterranean, or the Great Lakes are not generally motivated by
economic concerns. These environmentalists are concerned about
the state of the environment for the same kinds of reasons that
people are concerned about the state of educarion, the poor, racial
equity, religious toleration, and so on — not necessarily because of
anything they expect to gain personally but because they regard
these various ideals as good and worth supporting in themselves.

It is quite possible for people to support causes they believe are
right but from which they do not expect personally to benefit. It is
a matter of moral persuasion rather than self-interest. And politi-
cians know that if they want to get good grades with the large and
growing environmental constituency, they must appeal to princi-
pled ethical commitments not just to what people want for them-
selves. Welfare or well-being, as economists understand these
terms, do not lie at the basis of the concerns of many environmen-
talists. Rather, they value environmental protection for objective
moral reasons or for the sake of its intrinsic properties, rather than
for any benefir they expect as a result.

More than a century ago, public opinion turned against treat-
ing people merely as chattels or resources; hence slavery was abol-
ished. Similarly, child labor strikes us as abhorrent; laws against it
do not have to pass a cost-benefit test. Regional and coastal seas
seem to have achieved a similar sort of moral status. They are to be
protected, treasured, revered, and respected for their natural quali-
ties and for their own sakes. Legislative efforts to protect regional
seas represent attempts to treat them not simply as means to pro-
ductivity or profit but also as ends-in-themselves. These efforts
may appear morally appropriate even if they cannot pass a cost-
benefit test.

Lester Milbrath, comparing environmental beliefs in the Unit-
ed States, Britain, and West Germany, ascribed to the New Envi-
ronmental Paradigm: “(1) love and respect for nature; (2) concern
for public goods in contrast to an emphasis on private goods; (3)
conservation of resources for future generations....{(7) environ-
mental protection over economic growth” and other attitudes that
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would resist a cost-benefit or “efficiency” approach to resource al-
location. '

Students of the governance of the North and Baltic Seas have
observed that since 1987, public opinion at home rather than any
conception of national or economic interest accounts for the pace
and stringency with which public officials have adopted environ-
mental regulations. Peter Haas, for example, notes that ministers
attending the Third International Conference at The Hague “felt
that they had to do better than the previous ministerial conference
to prove their green credentials.”? He adds that governments and
environmental ministries “have been accountable to their domestic
electorate.”! Countries with strong prior environmental standards
sought to encourage other countries to adopt similar standards, to
reduce any competitive disadvantages to their own industries. The
spectacle of officials vying with each other to appear “green,” has
become as familiar in European as in American politics. According
to a 1989 survey, “the environment is becoming hot politics,
across the world. ... Never have so many politicians seized so quick-
ly on one idea.”*

Public opinion surveys and research amply confirm the trends
to which these politicians respond — trends which might reason-
ably be characterized as a populist juggernaur. Social scientists gen-
erally consider symbolic, ideological, and cultural factors far more
influential than perceptions of personal welfare or self-interest in
determining artitudes toward the environment.?3 The literature as-
cribes the rise of environmentalism in Western Europe to a num-
ber of cultural factors, including “post materialism” and a “New
Environmental Paradigm.”* In Europe and America environmen-
talism reflects ethical more than economic concerns, Environmen-
talists do not seek, as a rule, to benefit themselves but to protect
nature for its own sake, to preserve it for future generations, or
simply to punish polluters as if they were criminals.

PoLLUTION: MORE LIKE A CRIME THAN A COST

It is hard not to draw an analogy with international agreements to
ban the slave trade.?® Slavery was extremcly profitable. It was big
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business.26 Throughout the nineteenth century, leading narions,
especially Britain, badgered, shamed, and cajoled laggard coun-
tries, like the United States and Brazil, to prohibit slavery and the
slave trade, which for centuries had been accepted social and com-
mercial institutions. Shall we say that abolitionists were led by
moral outrage or by economic calculation to dedicate their lives to
protect the natural rights of human beings?

No one can deny the enormous ethical importance — one
would have to say sanctity — of ending the slave trade. The cause
of environmental protection likewise responds to moral commit-
ments more than to economic interests. The technical literature
concerning the North and Baltic Seas ignores the cost-benefit
question, as perhaps it should. The goals the Ministers adopted —
to reduce and then eliminate the ocean disposal of wastes and pol-
lutants — were motivated by moral not primarily by economic
concerns.

The United Kingdom acted as a “laggard” by mentioning eco-
nomic factors and by arguing that it might be appropriate to con-
sider costs in determining what counts as the “best available tech-
nology” (BAT). lts regulators continue to speak of the “Best Prac-
ticable Environmental Option” and “Best Available Technology
Not Entailing Excessive Costs.” Finland has likewise called for the
“Best Available Economically Feasible Technology.” On any inter-
pretation of “best,” however, the North Sea Ministerials adopted a
rechnology-based and rechnology-forcing approach similar o the
.S, Clean Water Act of 1972. This approach refuses to consider
the capacity of the receiving waters to absorb pollution. It bypasses
the question whether pollution controls represent an efficient allo-
cation of resources, I.c., whether they would pass a cost-benefit
test. The Ministerials, in other words, took it as a premise that
their job was to do the “right” thing, in other words, to protect the
environment. The Ministers from more environmentally commit-
ted nations then went about shaming and cajoling the others to
get on the bandwagon.””

The Ministers, like poliricians in their own countries, played
directly to overwhelming popular sentiment that something dra-
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matic had tw be done about pollurion. The principles adopted by
the North Sea and Baltic Ministerials make political and moral if
not economic sense. These include BAT requirements, the 50 per-
cent reduction in nitrogen and phosphorus leadings, the cut in
toxic pollutants, the ban on industrial waste duraping and marine
incineration, and severe restrictions on the disposal of sewage
sludge.

Peter Haas notes that the 50 percent cut in nutrient and other
loadings “was a triumph of politics over economics or ecology.
Such cuts are inefficient and introduce real distributional costs be-
tween countries.” He adds:

It is not clear thac all substances in the region require such exten-
sive cuts, and the declaration does not rake into account to any
differential efforts already taken by governments. Thus, states
that had not yer undertaken domestic measures would find it
easier and cheaper to cut emissions by 50 percent than states that
had already started to cur their emissions.?3

The triumph of politics over economics is the characteristic of
environmental legislation not only at the international bur also at
the national and state levels. Section 112 of the U.S. Clean Air Act
of 1970, for example, requires the Administrator of the U.S. Envi-
ronmental Protection Agency to promulgate air quality standards
that provide “an ample margin of safety to protect the public
health.”?® Areas that would have to make huge changes — Los
Angeles, for example — were given a few extra years (until 1975,
in the original Act) to bring themselves into compliance. Many of
these areas, of course, have yet to and may never meet this goal,
but urban centers from Detroit to San Francisco have succeeded.?®

The ban on ocean dumping after 1989 adopted for the North
Sea resembles prohibitions found in various statutes in the United
States, where ocean dumping has been illegal (although frequent)
since 1934.%! Here is a representative stipulation from the Ocean
Dumping Act:

The Administrator of the Environmental Protection Agen-
cy...shall end the dumping of sewage sludge and industrial waste
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into ocean water...as soon as possible after November 4, 1977,
bur...in no case may the Administrator issue any permit... which
authorizes any such dumping after December 31, 1981.%

The same year European Environmenta! Ministers convened
upon a 50 percent teduction in nutrient loadings entering the
North Sea, representatives of five littoral states signed the 1987
Chesapeake Bay Agreement, pledging to reduce by 40 percent ni-
trogen and phosphorus loads entering thar body of warer. Al-
though some experts speculated that it could cost US$15 billion to
achieve this goal, there was no attempt at cost-benefit analysis.
Rather, in the Chesapeake Bay area, as in the Baltic and North Sea
region, the 40 percent and 50 percent goals echoed what the pub-
lic wanted to hear. Maryland State Senator Bernard Fowler sum-
marizes the thinking thar set the goal for the Chesapeake and may
apply to other regional seas as well:

The Executive Council, which was working wich the Governor’s
Cabinet...came up with this magic 40 percent. [ dont know
whether there is any solid justification for 40; why not 50 or 602
I think 40 percent just happened to be the one thar triggered
them and they thought it would make a difference.??

The goals of environmental legislation, whether at the interna-
tional, national, or state level, reflect popular moral and cultural
attitudes rather than national, state, or regional interests, Theories
that analyze international conventions on the model of rational
bargaining between self-interested players need to be reexamined
in this light.

THE PRECAUTIONARY PRINCIPLE

Prince Charles introduced the 1987 Ministerial Conference in
London with a call for dramatic efforts to clean up the North Sea.
He argued against delay because “while we wair for the doctor’s di-
agnosis, the patient may die.”** In fact, the doctor had already pre-
sented a diagnosis. A group of scientists had prepared a Quality
Status Report of the North Sea for a Ministerial meeting three years
earlier — the First North Sea Confetence held in Bremen in 1984.
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The 1984 Report presents a consensus among scientists that the
effects of wastes, effluents, and pollutants on fisheries were in-
significant in comparison with the impact of fishing itself. The evi-
dence did “not in general allow clear cause-effect relationships be-
tween contaminant inputs and effects on marine organisms to be
identified.” Similarly, “there appears to be no evidence that an-
thropogenic nuttients have caused any significant change in pro-
ductivity in the North Sea, or even in the Southern Bight.”?

A second Sratus Report prepared for the 1987 Conference reached

essentially the same conclusion. Ir said:

There is no evidence that man’s activities other than fishing are
having any significant deleterious effects on the fish stocks of the
North Sea as a whole....deleterious effects, ar present, can only
be seen in certain regions, in the coastal margins, or near identi-
fiable pollution sources. There is as yet no evidence of pollution
away from these areas.’

In spite of this hopeful diagnosis, the Environmental Ministers
meeting in London in 1987 held that the partient could die, so they
explicitly accepted “a precautionary approach...which may require
action to control inputs of such substances even before a causal
link has been established by absolutely clear scientific evidence.”¥”
In 1990, the Third North Sea Ministerial Conference meeting at
The Hague undertook to “apply the precautionary principle, that
is to take action to avoid potentially damaging impacts of sub-
stances that are persistent, toxic, and liable to bioaccumulate even
where there is no scientific evidence to prove a causal link be-
tween emissions and effects.”3®

The precautionary principle functioned in this context, as it
generally does, to provide a utilitarian, instrumental, or economic
rationale for what are plainly ethically or politically motivated ac-
tions. One could argue that prudence suggests not that we protect
nature but that we domesticate it — that we replace its spontane-
ity with our industry. This might seem to be the path caution rec-
ommends because it is precisely the one humanity has followed in
building civilization. Not the protection of naturc but racher its
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conquest has been the path to historical progress — and a conserv-
ative or cautious attitude may urge us to do what has worked in
the past.

In fact, the precautionary principle is so vague that it can be
used to justify virtually any policy that might not have a clear eco-
nomic rationale. According to ecologist Robert Costanza, the way
the precautionary principle is to be applied is itself uncertain.
Costanza concedes that it “offers no guidance as to what precau-
tionary measures should be taken.”® The principle instructs us in
general to save resoutces we might need and to aveid decisions
with potentially harmful ecological effects. But it “does not tell us
how many resources or which adverse future outcomes are most
important.”0

The precautionary principle, perhaps because it is so vague,
found a great deal of support among environmental ministers
from Germany, Denmark, and Sweden, where green parties had
done well. By advocating a precautionary approach, these minis-
ters succeeded in using the glare of publicity to shame recalcitrants
like Great Britain and France mnto joining the consensus behind
the precautionary principle, One observer describes the mood of
the Ministerials as follows:

Environmental ministers are under pressure to provide a public
demonstration of their green credentials. The greenest Minister
will, by definiton, be he or she who demands the earliest
phase-out dates or the largest percentage reductions applicable to
the longest possible list of chemicals or waste disposal practices.
It is this political competition which has become a driving force
for North Sea policy which was never in evidence when the mat-
cer was left ro the Paris and Oslo Commissions.*!

The effect of this approach was to shift the burden of proof
from those secking to prohibit pollution to those seeking to pol-
lute. As scholars often point oug, shifting the burden of proof can
be crucial in environmental law. Having adopted the precaution-
ary approach, the Ministers meeting in London set ambitious en-
vironmental rules, including 2 ban on toxic, persistent, and bioac-
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cumularive substances reaching the North Sea from rivers and es-
tuaries, and an end to incineration at sea by 1994. They called for
a 50 percent reduction by 1995 in nitrogen and phosphorus.*?
The parties agreed to apply BAT controls to point sources and
“best environmental practices” for nonpoint soutces in waters
feeding the North Sea.

The regulation of the Baltic has lagged just behind thar of the
North Sea. In 1980 the Helsinki Convention took force, establish-
ing the Helsinki Commission, which by 1987 had regulated the
most dangerous pollutants. The Baltic is not in immediate ecologi-
cal danger, though there are many “hot spots.” The pace and strin-
gency of regulatory activity for the Baltic picked up dramatically
in 1988, when Sweden, looking over its shoulder at the success of
the North Sea Ministerials, convened the Baltic Environmental
Ministers. This meeting, the 1990 Baltic Sea Declaration, and re-
sulting Commission actions called for BAT controls, 50 percent
reductions in discharges of nutrients, metals, and organic rtoxins,
and so on, to ensure a chance for self-restoration of the marine en-
vitonment and its ecological balance.

The similarity of rules and principles governing the North and
Baltic Seas is not coincidental; many of the same governments and
ministers are involved. As Peter Haas notes, the efforts to protect
the Baltic and the North Sea are effectively combined in “a single
international institution which is responsible for developing a sin-
gle policy system and a set of legally binding rules for both the
Baltic and North seas.” How can we understand these events? So
far, we have seen that economic motives will not do the job. But
economic motives — pace the Marxist account of history — will
not account for many social and political movements. Moral com-
mirments are often more influential. The rest of this essay explores
some of these commitments.

THE DISTINCTION BETWEEN NATURE AND
ENVIRONMENT

Nature and the environment are best understood as distinct con-
cepts. Nature is the object of religious, aesthetic, and cultural con-
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templation and appreciarion; in the ninereenth century, it was also
the province of natural history, which attended to natural facts
without inquiring into their practical usefulness to human beings.
The environment, in contrast, is a concept of more recent origin. [t
is the object of the economic and biological sciences that arrempt
to predict, control, and “price” flows of materials and resources
(from genetic materials to biospheric systems) in order to maxi-
mize benefits from their use.

John McPhee, Edward Abbey, and many other Nature writers
— who eulogize the earth’s vanishing natural heritage — tend to
define Nature and technology as opposites. As essayist Noel Perrin
remarks, Nature comprises “everything on this planet thar is at
least partially under the control of some other will than ours.”
Moreover, many of us believe that human beings, by “conquering”
Nature and imposing our will upon it, contaminate it. This sense
of “contamination” is of teligious origin; as we use technology to
conrrol and manipulate Nature, we reenact the crime that expelled
us from paradise,

The environment, in contrast, is what Nature becomes when
we see it as a source of raw materials and as a sink for wastes. The
environment is, in fact, a kind of “found” technology. It is the
“plumbing” and “infrastructure” we discover, as distinct from that
which we build ourselves. Its value is instrumental - not reli-
gious, moral, cultural, or aesthetic. The environment is what Na-
rure becomes when we view it as a life-support system and as a col-
lection of resources. It is “natural capital” as distinct from “human
capital”; it is a collection of “services™ that often come “free” in the
sense that because nobody owns them, nobody can charge a fee for
their use.

Thus, when Greenpeacers and hard-nosed economic analysts
clash over how much dolphins are “worth,” they may be seeing
different things. The environmentalist may identify dolphins as
belonging to the great scheme of Nature over which God has
made us stewards. An economic analyst, in contrast, would have o
consider whether dolphins or whales or whatever have any value as
resources of as cogs in the wheels that keep “life support” systems
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running. So, you get quite a different picture of these animals
whether you think of them as belonging to Nature or to the envi-
ronment.

To a large extent, human beings have prospered by pushing
Nature back and putting a largely man-made environment in its
place — cities where there were forests, farms where there were
praries. Today, a widely shared moral and aesthetic commitment to
retain the last vestiges of creation has led us to try to stop this
process — to protect rain forests, for example, from the economic
forces thar would replace them with ranches and farms. But this
commitment to preserving Nature stems primarily from a belief in
its intrinsic value, rather than from a desire to preserve natural re-
sources for our future use, In “saving the seas” then, we are saving
Nature from becoming environment; we are keeping places natur-
al although it may be in our economic interest to manipulate them
for our own use.

PLACE vs. RESOURCE

Michael Thompson has shown that objects, both natural and
man-made, exist in one of three normative states. ¢ First, they may
be transient; a conference center and its furnishings belong to that
category. They are useful for a time, wear out, and then decay into
the second category, rubbish. A conference program becomes rub-
bish when rossed out. Third, they may become permanent objects
of which art works are the best examples. Antiques also fit chis de-
scription; even conference programs, once they are a century old,
may attain the status of “ephemera” and become collector’s items.
They would then have lost all their initial utility — having been
purged of any usefulness by resting in the junk heap for a hundred
years — to emerge as antiquities thar serve an expressive rather
than an instrumental function.

Michael Thompson carries out his analysis using a number of
examples, notably, the way buildings that appeared for all the
wotld to be rat-infested slums, no longer suitable housing, may be
eventually discovered as examples of a glorious architectural her-
itage. A change of perception that bestows iconic significance on
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the buildings can convert “many square miles of inner London
from rat-infested slums into glorious heritage — the phenomenon
known as ‘gentrification.””*” The same phenomenon occurred in
Baltimore’s Inner Harbor on the Chesapeake Bay and is occurring
in many “old” city centers of East Central Europe.

What happened to the houses near the Bay has now happened
to the Bay itself. Ac first, we conceived the Bay as something useful
— a collection of resources to be used, to be exploited. Like any
transient object, the Bay after a while became “used up” — it be-
came literally a rubbish heap as sewage and trash poured into it.
Over the past few decades the Bay and, indeed, Nature as a whole
has been rediscovered as something that has historical, ancestral,
and permanent value: “sustainable” is the word most in use. We
are to protect it as much for its sake as for our own.

Thompson argues that those with wealth and power are the
most concerned with possessing “permanent” objects. “No great or
revolutionary insights are involved in the realization that those who
own and control durable objects enjoy more power and prestige
than those who live entirely in a world of transience or, worse still, a
world of rubbish.”® It makes perfect sense to suppose, then, that as
nations become wealthier and rake more pride in themselves, they
also take pride in the waters that surround them. Just as an excellent
museum and preserved relics and monuments express the greatness
of a people, so, too, the condition of its magnificent ecosystems
speak to the permanence of its culture and therefore its durability as
a nation,

The contrast between economic and ethical goals in environ-
mental policy becomes most apparent in the efforts Americans
make to “save” environments, such as old growth forests, historic
urban landmarks, and the Chesapeake Bay. These efforts are typi-
cally thought to inhibit economic development — and this is often
true in the short run. In the longer run, however, historical and en-
vironmental preservation often produces the kinds of amenities
that anchor the economic well-being of communities. Seas we once
viewed as economic resources we perceive differently: we recognize
them as ref publicae — public places to be valued for their charac-
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ter, identity, and history, not just for the uses they may serve.

Attitudes have changed similarly toward children. Ac various
times and places, people have treated children as resources: a hun-
dred years ago, more than a million American children tended
bobbins in sweat shops and “hurried” coal in mines. Today, we re-
gard children as objects of moral love and respect and nor of eco-
nomic exploitation. It is the same with other species, such as
wolves, bald eagles, and whales. As their economic utility decreas-
es, they gain value as objects of moral respect and aestheric appre-
ciation,

Whales present a relevant example. No one seeks to protect
magnificent species of these animals because of their economic im-
portance, for example, as sources of oil and blubber. Similarly, it is
hard to justify the protection of whales on ecological grounds —
the fear, perhaps, that in the absence of whales the seas will fill up
with krill. No; it is plainly the intrinsic value of these creatures and
the moral repugnance of killing them that motivates the crusade
— largely successful — to prohibit whaling. Many people believe
hunting whales is morally wrong even if it is sustainable in strictly
economic o scientific terms.

Those who are eager to save treasured landscapes have intro-
duced a concept thar is helpful in understanding the non-instru-
mental — the ethical, cultural, and aesthetic — values that actach
to the environment. This is the concept of place, of a landscape as
it is understood in relation to local culture and history, of the envi-
ronment as it constitutes a community that includes borh nature
and humanity. The conceprt of place joins natural and human his-
toty: it connects us in maintaining a res publica — a public good
or object we historically hold and enjoy in common.

What may worry us most is the prospect of becoming strangers
in our own land, of never quite sertling it, of losing touch with
places that constitute the identity of our communiry, of being no
more at home here than anywhere. For the sake of cur own identi-
ties, we may need to protect the identifying characteristics of the
places that surround us. The motive for saving coastal ecosystems
like the Chesapeake Bay may fundamentally lie in our need to feel
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at home — to attach ourselves 1o what becomes safe and secure
because it rerains its aesthetic and cultural characteristics in the
midst of change.
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Environmental Values, the Coastal
Context, and a Sense of Place

STEPHEN R. KELLERT

The coastal values which derive from the biophilia hypothesis have
inspired all the contributors to this volume. Sagoff particularly
deals with aesthetic and humanistic values, while he shares with
Nelson a concern for moralistic values. Ambrose and Taub are
most concerned with ecologistic values, Thompson and Trisoglio
with negativistic ones, and Haufler with utilitarian values. None of
the contributing scientists or governance scholars writes in a value-
free world. And we must clearly understand thac al! these value di-
mensions need to be considered as motivations, that they are all es-
sential to our coastal policy decisions. The coast, ever a magnet to
humankind, has experienced both ecological and economic deteri-
oration in our lifetime, and this has resulted in its impoverishment
as a meaningful place to us all. This is why coastal restoration, a
topic further explored in the next two chapters, is an essential and
growing component of contemporary environmental science, ac-
tivism, and policy.

The majority of the American population resides near large
bodies of water, whether along rivers, lakes, bays, estuaries, en-
closed scas, or the open coast. This, in itself, suggests the extraordi-
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nary value people place on what is collectively called the coastal
context. If pressed to provide an explanation for this distribution
pattern of the American population, many would suggest it simply
reflects the influence of economic history, the prevailing trans-
portation and industrial patterns prior to the age of the internal
combustion engine, the availability of rich agricultural land and
fresh water resources. Withour question, these and other material
factors have greatly influenced human behavior in relation to the
coastal environment but, I contend, these materialistic explana-
tions provide only a partial and incomplete understanding of why
so many people have been drawn ro this natural context.

The American coasts have also provided people with physical
areas historically rich in intellecrual, emotional, aesthetic, and even
spiritual opportunities for growth and development. It is these lat-
ter ateributes, as much as the more obvious materialist values, that
have resulted in a deeply compelling atrraction to the coastal envi-
ronment. In other words, the coastal context has been a place redo-
lent with promise for secking meaningful and satisfying individual
and community lives. This combination of commodity and non-
commodity values has rendered the coasts a profoundly attractive
site for nourishing human identity and for seeking a sustainable
and secure sense of place,

This notion of place is similar to Mark Sagoff’s argument that
the “concept of place combines the meaning we associate with na-
ture and the utility we associate with environment, [It is a notion
of | surroundings that arises from harmony, partnership, and inti-
macy.”! What has made the coastal context a remarkably attractive
site for human habitation is its special blend of opportunities for
intimate human relationship with nature across a wide spectrum
of utilitarian, ecological, aesthetic, psychological, intellectual, and
ethical dimensions. In short, the coastal environment is viewed as a
peculiarly capable carrier of human values toward the natural
world. It is the contemporary erosion and degradation of these en-
vironmental values which threatens the continuing capaciry of the
coastal context to function as a satisfying place for human growth
and development.
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The writer Simone Weil remarked that a sense of place may be
among “the most important and least recognized needs of the hu-
man soul.”? Weil suggested, in effect, that healthy and artractive
places provide humans with a basis for cultural meaning, a sense of
community, and opportunities for achieving familiarity and pro-
tection in close association with one another. A meaningful sense
of place also reflects the human need for an intimate connection
with their natural surroundings, particularly its variety of life and
the lifelike processes which support ecologically healthy and pro-
ductive natural systems.

Humans are, of course, not apart from nature but an integral
component of it, having evolved in close and continuous associa-
tion with varying ecological forces, and most especially with other
forms of life. Our species’ ability to achieve feelings of well-being
and meaning depends on a highly varied, intricate, and subtle ma-
trix of interactions with the natural world. Few environmental set-
tings provide a more diverse, textured, and multilayered opportu-
nity for this degree of connection between people and nature than
the coastal context. This attribute has been among the major at-
tractions of the coast as a site for people to sink deep roots, build
viable communities, and find an enduring and secure sense of
place.

The erosion and degradation of these connections between
people and nature lies at the heart of the environmental crisis
along America’s coasts, as much as the impact of pollution and
habitar destruction does on various cconomic and health relared
processes. Alan Grussow powerfully captured this profound and
elusive consequence of environmental deterioration when he re-
marked: “It is not simply nostalgia for a romantic and rural past
that causes us to grieve over the loss of natural open spaces, it is a
concern over the loss of human values. For we are not distinct
from narure; we are part of it, and so far as our places are degrad-
ed, we too will be degraded.”® Henry Beston, following a year of
reflection on coastal Cape Cod, similarly noted that: “Whatever
atritude to human existence [we] fashion for [ourselves], [we]
know that it is valid only if it be the shadow of an attitude to na-
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ture... The ancient values of dignity, beaury, and poetry which sus-
tain [us] are of nature’s inspiration...Do not dishonor the earth
lest you dishonor the spirit of man.™

The lepidopterist Robert Pyle referred to the “extinction of ex-
perience” to express this serious and often little recognized aspect
of the environmental crisis, particularly the loss of biological diver-
sity.” Pyle, a leading conservation btologist and one of the authors
of the IUCN red dara book on endangered invertebrates,® was cer-
tainly cognizant of current projections of an estimated 27,000
global extinctions annually,” particulatly of invertebrates in the
moist tropical forests. Yet Pyle recognized that, from an anthro-
pocentric view, this erosion of life meant, first and foremost, a pro-
found loss of human psychological bearings, the phenomenologi-
cal degradation of experience, as much as the diminution of furure
material options and the lessening of various ecological life sup-
port systems. He remarked: “The extinction of experience is not
just abour losing personal benefits... It also implies a cycle of disaf-
fection... The extinction of experience sucks the life from the land,
the intimacy from the connections.”®

Grussow, Beston, Pyle and others all recognized that important
habirtats for human settlement, such as the coasts, represent for
people the opportunity for achieving meaningful lives, a deeply
felt sense of intimate relationship with their natural surroundings,
and a chance for attractive and rewarding communities and places.
They appreciated that far more appeared to be ar stake in the eco-
logical degradation and impoverishment of places like the coast
than simply the erosion of pretty neighborhoods or the risks to hu-
man health from pollution.

The concept of biophilia has been suggested as an apt expres-
sion for describing the full valuational measure of the human crav-
ing for deep and intimare association with life and lifelike process-
es, which are at the core of the concept of place asserted here.?
This hypothesis purports that the human need for varied interac-
tion with the diversity of life is an evolutionary expression of our
dependence on nature not just for material sustenance and survival
but, also, for a wider range of emotional, intellectual, aesthetic,
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and ethical needs as well. The biophilia concepr is employed here
to describe various ways the coastal environment has provided hu-
mans with an unusually rich and varied habitat for securing a
meaningful sense of place.

BropHILIA AND THE COASTAL CONTEXT

A range of values associated with the biophilia hypothesis are iden-
tified which delineare various human benefits derived from the
coastal context.'® Brief definitions of these coastal values are indi-
cated in Table 2.1.

Table 2.1, Coastal values.

AESTHETIC: The importance of the coastal contexr as a source of beauty
and physical attraction.

DomionNisTIC: The opportunities provided by the coastal context for
achieving mastery, prowess and control.

Ecoroaistic: The opportunities offered by the coastal context for
understanding the systematic functioning, and the structure of living
resources and their habitats.

HUMANISTIC: The importance of the coastal context for expressing strong
emotional attachments and bonds with nature.

MoraLisTIC: The opportunities provided by the coastal context for
attaining a strong sense of affinity, echical concern, and spiritual

reverence for nature.

NattraLsTIC: The opportunities provided by the coastal context for
direct exploration and contact with nature.

UTILITARIAN: The practical material and commodity benefits derived from
the coastal contexe.

NEeGATIVISTIC: The coastal context as a source of fear, risk, and awe of
nature.
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Utilitarian

This value of the coastal environment is the easiest to recognize, as
it reflects the bias of our market economy and materialistic cul-
ture. The utilitarian value refers to the many ways coastal habitats
have provided humans with a steady stream of practical and com-
modity benefits derived from exploiting the land/water interface
and the associated natural resources. The coast has historically
yielded an enormous range of transportation, agricultural, indus-
trial, and other material products derived from its estuaries, rivers,
lakes, bays, enclosed seas, and shores.

The rich organic soils frequently associated with coastal plains
and wetlands, and a readily accessible topography, have led to in-
tensive agriculture, perhaps to a degree greater than in any other
land cype. In Japan, for example, despite intensive competition
from various industrial and other development uses, the coastal
plain remains that nation’s primary site for growing its staple rice
crop. Coastlines have many attractive atuributes for industry, in-
cluding relative ease of transportation, access, available water for
cooling and other uses, proximity to human population centers
and other features. The biological and ecological characteristics of
coastal habitats have also yielded a wide range of commercial bene-
fits from fisheries production to flood control and water recharge
to a vartety of product developments as human knowledge ex-
pands to exploit the natural processes and abundant genetic varia-
tion found in this environment. If for no other reason, these utili-
tarian values suggest a certain profligacy in allowing such benefits
to be degraded by short-sighted overexploitation and environmen-
tal degradation.

Ecologistic

The species richness, physical complexity and ecosystem dynamics
of the coastal environment have resulted in an enormous range of
ecological benefits, perhaps to a greater degree than in any other
habitat. Tidal and fresh water wetlands have generated significant
understandings from studying their biotic and abiotic elements in
a systemic context. The biological productivity of these ecosystems



Environmental Values and a Sense of Place « 53

is often considered to be among the greatest known. Collectively,
coastal environments are important areas for water cacchment and
groundwater recharge, prevention of soil erosion and sediment
control, maintenance of soil fertlity, storage and recycling of or-
ganic materials, decomposition of human wastes, the expression of
various biological control mechanisms, provision of migration and
nursery habitats, conservation of biological diversity, transfer of
energy and nutrients from one trophic level to another, and the
provision of habitats for many organisms.'! Various practical bene-
fits are derived from these ecological processes including, for ex-
ample, the production of most of our nation’s commercial fish
species, and the decomposition of more than 90 percent of human
generated organic wastes.!?

In a broader scientific sense, coastal environmenrs have been
extremely important for the study of biological and physical
processes, systematics, evolutionary biology, organismal structure
and function, hydrology, and aquatic chemistry. While such sub-
jects are typically the concern of only a small number of scientists,
one is struck by the rapidly growing interest among nonspecialists
in studying coastal habitats compared to other natural areas.

Aesthetic

The coastal context has long been a source of beauty and physical
inspirarion. A well established tradition in Western civilization has
been that of travelling to coastal environments to experience their
aesthetic charm and attraction. People are drawn to such features
as the brilliance of a secting sun casting colors across the rolling
surface of a coastal sea, or the beaury of a sandy beach stretching
off into the distance, or the vitality of a flock of waterfowl landing
in raucous synchrony onto a tidal estuary.

The physical basis for the aestheric appeal of the coast is diffi-
cult to define with precision, yet one can assume important ele-
ments of vista, prospect, diversity, contrast, light, color, texture,
and movement are all involved. More psychologically, few would
dispute the important emotional benefits derived from this aes-
thetic experience including feelings of harmony, order, grace, a
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measure of tranquility and relaxation, and even an overwhelming
sense of well-being and security. It may not be an exaggeration to
suggest that an unspoiled and attractive coast is among the most
significant sources of physical beauty and inspiration found in all
of nature,

Naturalistic

A closely related value of the coast is the satisfaction derived from
direct contact and physical immersion in it. Vast numbers of
Americans engage in walking and exploring shores, beaches, and
wetlands. The mental and physical benefits associated with height-
ened awareness and contact with the coast may be among the most
ancient outdoor recreational activities known.

The naturalistic appeal of the coast is probably due to the
abundant opportunities this environment provides for exploration
and discovery. Celebrated expressions of this naturalistic attraction
are found in such books as Thoreau's Cape Cod, Lindbergh’s Giff
from the Sea, Carson’s The Edge of the Sea and Beston’s The Outer-
most House to mention only a few.!* Each author powerfully artic-
ulated the naturalistic wonder, mystery, discovery, and exploration
of the coastal context, well reflecting Edward O. Wilson’s insight:

The [natural] world is the...domain of the more restless and
paradoxical part of the human spirit. Our sense of wonder grows
exponentially: the greater the knowledge, the deeper the mystery
and the more we seck [cxperience] to create new mystery...Our
intrinsic emotions drive us to search for new habitars, to cross
unexplored terrain, but we still crave this sense of a mysterious
warld strerching infinitely beyond. !4

The coastal environment is an unrivaled habitar for exploring,
discovering, and engaging feelings of wonder and mystery, in an
almost childlike manner independent of one’s age. Despite the
strenuous physical exertions often involved, many derive signifi-
cant feelings of relaxation, peace of mind, and an enhanced sense
of creativity and imagination from this naturalistic experience of
the coast.
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Humanistic

The humanisric value is indicative of strong feelings of emotional
attachment to individual elements of the coastal environment.
This affective response is typically directed at particularly salient
aspects of the coast including large animals such as waterfow] and
wading birds, or striking geological forms such as certain beaches,
cliffs, or tidal marshes. People often express pronounced attach-
ment to these elements of the coast, often invoking terms of en-
dearment nort unlike those they use toward other humans when
describing the depth and quality of their emotions. The therapeu-
tic value of the humanistic perspective of the coast can sometimes
be quite significant, most dramatically illustrated by the Western
tradition of seeking the shore for solace and rehabilitation ar times
of acute mental and physical stress. Conversely, it is not unusual to
encounter extreme feelings of loss when particular elements of the
coast are despoiled or degraded.

Dominionistic

The coast can also offer significant physical and mental challenges
testing the capacity of people to persevere in the face of formidable
opposition. Both by choice and necessity, people have long con-
tested elements of the coastal environment and, in the process,
demonstrated their ability to subdue, control, dominate, and mas-
ter difficult and sometimes threatening elements of the natural
world.

While this dominionistic relationship may foster, particularly
in the modern era, tendencies toward excessive mastery and ma-
nipulation, this recent capacity should not dissuade us from recog-
nizing this value’s more ancient and functional roots. Perhaps this
intuitive understanding accounts for the continuing interest in
sports like sailing or sculling, where vessels of anachronistic utility
remain popular because of the challenge and skill embedded in
their contest with nature. The evolutionary struggle has always ne-
cessitated some degree of mastery and control over nature, and the
prowess involved rarely results in the victim’s complete destruc-
rion: in fact, much the opposite can result. As Holmes Rolston 111
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suggests: “One reason we lament the passing of wilderness is that
we do not wane entirely to tame this aboriginal element... Half che
beauty of life comes our of it...The cougar’s fang sharpens the
deer’s sight, the deer’s flect-footedness shapes a more supple li-
oness... None of life’s heroic quality is possible without this dialec-
tical stress.”!”

The coastal environment has long been a worthy and defiant
adversary for humans. Even in the modern era, waterfowl hunters
continue to seek the competition of their crafty prey, while home-
owners struggle to withstand the vagaries of the most unstable of
all terrestrial environments. While any exercise of dominionistic
tendencies can be brought to sclf-defearing excess, it may be a false
arrogance to deny the legitimacy of this human urge to master and
control nature. The management challenge is not to deny this do-
minionistic value but to render its expression safely within the eco-
logical carrying capacity of the coastal environment.

Movalistic

The coasral context frequently evokes strong erhical and moralistic
affinities for nature. These sentiments can be so powerfully mani-
fest that they sometimes lead 1o an attitude of reverence and even
spiritual awe for the natural world. The basis for this powerful
bonding with the coastal environment remains elusive and, o a
degree, inexplicable. Yet, one supposes the intense expression of
life in the seemingly integrated coastal context may be associated
with this moralistic wonder and reverence. This nearly religious re-
sponse to the coast is powerfully articulated by John Steinbeck
when musing upen life in the tidal pool:

It seems apparent that species arc only commas in a sentence,
that each species is at once the point and the base of a pyramid,
that all life is related.... And then not only the meaning but the
feeling about species grows misty. One merges into another,
groups melt into ecological groups until the time when whar we
know as life meets and enters what we think of as non-life: bar-
nacle and rock, rock and earth, earth and tree, tree and rain and



Environmental Values and a Sense of Place » 57

air. And the units nestle into the whole and are inseparable from
it.... And it is a strange thing that most of the feeling we call reli-
gious, most of the mystical outcrying which is one of the most
prized and used and desired reactions of our species, is really the
understanding and the artempt 1o say that man is related to the
whole thing, related inextricably to al! reality, known and un-
knowable.... That all things are one thing and that one thing is
all things — a plankton, a shimmering phospharescence on the
sea and the spinning planets and an expanding universe.'¢

Negativistic

This attempt to delineate various coastal values has largely empha-
sized positive atributes derived from intimate contact with this
natural environment. Like any habitat, the coast can also connote
negative values including fear, aversion, and disdain. Even from
this negativistic perspective, onc is struck by the capacity of the
coast to provoke unusually strong human responses to a degree not
often encountered in other environments. Most people, for exam-
ple, express considerable fright in the face of a furiously raging
coastal storm, or toward the danger posed by predators such as
crocodiles or sharks, or when confronted with the seemingly
malarial, disease-ridden sight of a stagnant marsh or the detritus of
a decomposing swamp. These and other features of the coastal en-
vironment can provoke avoidance and even alienation from this
habitat.

While such sentiments of fear, aversion, and antipathy can fos-
ter unwarranted harm and destruction, they can also result in a
healthy distancing and even respect for this natural environment.
Negativistic sentiments reflect a functional evolutionary process
when manifest at a reasonable level of occurrence. Avoidance of in-
jury and harm in nature is one of the most ancient bioclogical ten-
dencies of any species, and a realistic tension between humans and
the threat posed by the coastal environment is to be expected and
sometimes welcomed. This fear may even, at times, nourish a
healthy deference and avoidance of certain habitats and admira-
tion for the powerful and menacing in nature.
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A SENSE OF PLACE IN THE COASTAL CONTEXT

These diverse coastal values reflect 2 deep human need to associate
with nature and they collectively reflect the material, intellectual,
emotional, and even spiritual bases for the human attraction to the
coast. These relationships, in other words, express a matrix of sub-
tle and complex human interdependencies with nature, which al-
low people to develop intimate and abiding attachments to their
coastal communities as secure, familiar and meaningful places.

For this level of relationship to occur, however, at least two con-
ditions seem necessary. First, coastal environments must be ecolog-
ically healthy, aesthetically appealing, and materially productive.
Second, the human presence in the coastal landscape must be inti-
mate, functionally meaningful, and economically sustainable. The
coastal context must, in other words, meet the conditions for vi-
able communities where people are neither outsiders nor a de-
structive or debilitating force. Unfortunately, both conditions have
been seriously eroded in contemporary America, the result being a
significanty degraded capacity of the coastal context to provide a
secure and meaningful sense of place for many people.

The foremost problem has been the physical degradation of the
coastal environment, a situation described in great detail else-
where. Yet, if briefly examined in light of the biophilia values de-
scribed above, one can obtain another perspective on the harm
that has been incurred. Ecologically, extensive pollution, chemical
contamination, habitat destruction, resource overexploitation, and
the widespread invasion of exotic organisms are among the more
serious causes for declining biological carrying capacity and pro-
ductivity in many coastal environments. From a more pracrical
perspective, these environmental insults have resulted in serious
health hazards, declines in commercial fisheries and other resource
production, and the deterioration of such critical ecological ser-
vices as decomposition, flood control, storm protection, water pu-
rification and recharge, and the control of soil erosion and sedi-
ments.

Aestherically, the almost mythic beauty and physical attraction
of the coast has been replaced in many areas by congestion, litter,
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waste, depletion, and human and biotic communities which are
characterized more by haphazardness than grace, charm, and love-
liness. More intangible losses include an eroded capacity of the
coast to evoke strong emotional bonds, spiritual inspiration, natu-
ralistic wonder, and a sense of challenge and awe. The therapeutic
value of the shore as a source of recuperation and recovery from
mental and physical stress has become for many an exercise in nos-
talgia.

In many coastal areas still replete with various positive environ-
mental values, the opportunities for experiencing these benefits
have often given way to denied access and limitations on human
habitation and deep personal involvement. This latter phenome-
non brings us to the other condition for a satistying and meaning-
ful sense of place in the coastal context: intimate human interac-
tion with the coastal landscape. This condition is subtle, yet it
strikes at the heart of how people must be a part of nature, not
separatc or alien from it, to obtain the deepest measure of the hu-
man relationship to nature, and 2 meaningful experience of a sense
of place. Sagoff alludes to this need for familiar relationships when
he remarks:

Much of what we deplore about the human subversion of nature
— and fear about the destruction of the environment — has to
do with the loss of places we keep in shared memory and cherish
with instinctive and collective loyalty. It has to do with [the] loss
of...security one has when one relies upon the characteristic as-
pects of places and communities one knows well. What may

worry us most is the prospect of becoming strangers in our own
land."”

Various elements of coastal environmental degradation — con-
gestion, aesthetic deterioration, habitat destruction and fragmenta-
tion — are also associated with increasing alienation and separa-
tion from the coastal context. Human estrangement from the
coastal landscape is further exacerbated by declines of regional
economies, the increase in what could be rermed the “suburban-
ization and commuterization” of the coast, even the expanding
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number of isolated and restricted protected areas. Collectively,
these factors all contribute to the separation and distancing of peo-
ple from the coast as a secure and meaningful place of human
habitation.

Ironically, more people reside in coastal communities than ever
before, although the great majority seem disconnected from this
environment as a source of food, energy, or experience. This disas-
sociation from the basic processes of life seriously limits the capaci-
ty of the coast to be 2 meaningful place, no matter how aestherical-
ly attractive it may be. Communities elicit loyalty and attachment,
David Orr suggests, when they “reweave the local ecology into the
fabric of economy and life patterns.”!® Sustainable and vital coastal
communiries require more than just protection and restoration of
natural landscapes or the preservation of aestheric attractions.
These areas must also be places where people can, w quote Orr,
“find ... sources of food, livelihood, energy, healing, recreation and
celebration.”!”

We have too often assumed the only means for arresting the de-
terioration of the coast is to establish more protected and restricted
areas. While this option may at times be ecologically necessary, its
fundamental flaw is the relegation of humans to the role of out-
sider and transient. Preservation efforts are often unavoidable in
the face of continuing coastal degradation, but they represent a
biocentric approach to landscape protection, failing to address the
anthropocentric heart of the malaise caused by the decline of the
coastal environment as a site for human experience and communi-
ty. They fail 1o recognize the human need for intimate, sponta-
neous, and ongoing interaction with nature. Without this level of
familiar, unrehearsed involvement, the coastal environment be-
comes merely pretty, a place to admire from afar, with typical
aloofness. As Pyle suggests:

Inrimare association is necessary... A face-to-face encounter with
a banana slug means much more than a komodo dragon seen on
television... Nature reserves...are not enough to ensure connec-
tion. Such places, important as they are, invite 2 measured, re-
stricted kind of contact... There need to be places... where we
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can wander off a trail, lift a rock, poke about, and merely won-
der,20

This deeper level of connection means integrated access with
an aesthetically appealing, ecologically productive, and economi-
cally viable coastal environment. Modern economies necessarily
preclude returning to the bucolic fantasy of a self-sufficient coastal
landscape. For the foreseeable future most energy, food, and mate-
rial resources will continue to be obtained from elsewhere and
transported over long distances. Still, the restoration of meaning,
community, and place in the coastal context will necessitate some
revitalization of regional economies, the assurance that some sub-
stantial element of primary production remains available for sight,
smell, touch, and participation. As Jaquetta Hawkes remarked, this
means “relearning...a patient and increasingly skillful love-making
that [persuades] the land to flourish.”?!

The preservation and restoration of bioregional economies ne-
cessitates, as Orr suggests, some degree of willingness, “to rediscov-
er and reinhabir our...family farms, rural villages, towns, commu-
nities and urban neighborhoods.”** This process of sinking deep
roots into a place entails nurturing our interdependence with na-
ture, allowing the coastal environment to become an integral as-
pect of our personal and community lives, and a source of material
sustenance and well-being. As Sagoff suggests, “A natural landscape
becomes a place...when it is cultivated, when it constrains human
activity and is constrained by it, when it functions as a center of
felt value, because human needs, cultural and social as well as bio-
logical, are satisfied in it.”%

The utilitarian value must never be achieved at the expense of
the other ecological, aesthetic, intellectual, emotional, and spiritu-
al values previously associated with a rich and rewarding coastal
environment. Antagonism berween economic and noneconomic
environmental values, however, is almost always avoidable and
rarely an intrinsic conflict. More often than not, discords between
natute and economy are a consequence of an unnecessary econom-
ic narrowness. As the economist Malcolm Gillis suggests, “Good
economics not only is good ecology bur indeed is required for
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good ecology. The dichotomy that many perceive to have arisen
between economics and ecology is false and has persisted primarily
because of bad economics.”4

Moreover, it is not unusual to encounter economic decision-
making that seeks to maximize the experience of noneconomic en-
vironmental values, even where monetary incentives suggest other-
wise. Businesses often relocate in environmentally attractive and
healthy places, despite the presence of alternative locations over-
flowing with industrial advantages, a myriad of tax incentives and
claborate infrastructural and logistical support. Many environ-
mentally degraded communities, for example, have unsuccessfully
marketed themselves on the basis of monetary incentives alone,
only to find corporations relocating in areas lacking equivalent tax
and infrastructural benefits but brimming with an array of positive
environmental attributes. In other words, economics often follows
ecologically healthy and attractive communities, and many munic-
ipalities would be well-advised to improve their environmental
amenities for economic reasons alone.

Advocacy of a meaningful sense of place in the coastal context
emphasizes the imporrance of protecting a range of environmental
values, as well as the sustainable connection between coastal habi-
tats and local economic and social structures. One potentially mis-
leading possibiliry is that it may suggest to some an idealization of
the rural landscape, and the related insinuation of urban life as in-
trinsically harmful to human emotional, intellectual, and aesthetic
links with the coastal environment. The view presented here might
be regarded as romantic, elitist, and denigrating toward those
mired in poverty and residing in the inner city. This interpretarion
would be erroneous. The environmental values and socioeconomic
structures advocated here, while perhaps less obvious and readily
accessible in the urban context, represent more a problem of de-
sign and opportunity than a matter of irrelevance for an entire
class of people.

The coastal environment can enrich the human experience just
as much in che urban context as it can on the rural shore. Society’s
challenge is not to lament the degraded statc of the coast in many
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of eur urban settings but to render its positive experience more
readily accessible, ecologically healthful, and sociceconomically
meaningful. This means integrating environmentally sound coastal
arcas into the design of urban neighborhoods and built structures,
rehabilitating degraded coastal wetlands and parks, restoring
coastal regional economies and livelihoods. Many cities have be-
gun to marshall this capacity through the creation of community
gardens, urban forestry programs, wetlands and harbor restoration,
enhanced watershed protection, and coastal greenways.?* These are
only a few examples of creative pursuits designed to improve the
modern coastal ciy.

[t will not be easy to arrest many of the current forces of eco-
logical decline or achieve the restoration of degraded environments
in coastal cities, towns, and villages. A necessary beginning is the
recognition that a secure and meaningful sense of place in the
coastal context must be addressed across all the value dimensions
described. Living diversity and the ecological process that support
it are not just a matter of material well-being, but also the founda-
tion for our emotional, intellectual, aesthetic, and ethical exis-
tence. The human species evolved in a rich, diverse, and produc-
tive natural environment and this condition remains necessary for
our personal identities, community structures, and sense of mean-
ingful places. The restoration and enhancement of this potential
means not just restoring the health of the coastal environment, buc
also its capacity to animate humans aesthetically, to nurture them
ecologically, to awe and frighten them with its grandeur and mag-
nificence, and to inspire their varied capacities for exploration and
wonder, affection and bonding, challenge and physical fitness, and
spiritual inspiration and solace. These represent the basic goals of
environmental enhancement and remediation in the coastal con-
text and should guide management efforts whether they be in the
areas of pollution compliance, ecological restoration, land and
species protection, integrated conservation and development, hu-
man population control, or public education and awareness.

The greatest challenge is to expand and enrich the understand-
ing of how the human personality depends on the natural environ-
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ment for emotional and spiritual, as much as physical, well-being,
We need to cultivate awarencss of how humans depend on an inti-
mate connection with their natural context in order to achieve the
goals of community and security. The challenge is as much one of
changing values as of expanding scientific knowledge or engineer-
ing capacities. The restoration and enhancement of the coastal en-
vironment as 2 meaningful place of human habitation depends on
how much we recognize that nature and biological diversity are a
critical basis for what it means to be fully human.
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Ecological Value in Restored
Coastal Ecosystems

RicHARD F. AMBROSE

It is perhaps only natural that, as more and more habitats become
degraded as a result of increasing development in the United
States and clsewhere, there is increasing interest in restoring de-
graded habitats.! Some of the psychic and spiritual bases for the
public’s current fascination with habitat restoration are discussed
in this volume by Mark Sagoff, Stephen Kellert and Robert Nel-
son. Whatever the reasons, and there are undoubtedly many, for
the public’s concern with restoring damaged ecosystems, there has
been a concomitant interest in the scientific community, as evi-
denced by the number of recent books on restoration science and
the recent founding of the Society for Ecological Restoration,
which has launched a journal, Restoration Frology, devored exclu-
sively to restoration research.? Although restoration practice has
pethaps favored inland habitats in the past, the obvious need for
the restoration of coastal habitats has recently been recognized.?
We recognize that restoration is of the utmost importance, but
the question arises, how can we measure the success of restoration?
In order to answer this question we need to understand and mea-
surc what the ccological value of habitats, whether pristine, de-

67
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graded or restored, may be so that before and after comparisons
can be made. How are we to measure ecological value? Sagoff elo-
quently chides us for comparing apples and oranges when we talk
of economic exploration and environmental protection, yet, prag-
matically, we must find a common vocabulary in order to proceed
with any meaningful evaluation. In order to measure ecological
value, we must first define what the term means. This chapter re-
views several terminologies and widely used valuarion techniques.
Since the ecological value of ecosystems should be based on critical
ecosystem functions, | review the meaning of habitat functions
and attributes, or indicators, of such functions, and how they can
be related to an ecosystem valuation framework.

Currently, most habitat restoration projects are required as mit-
igation. The National Environmental Policy Act (NEPA) of 1969
and other legislation has focused attention on mirtigating environ-
mental impacts by rehabilitating or restoring damaged habitats,
and habitat restoration is becoming increasingly common. One
could ask whether this is a good thing. The answer is clear, at least
from the perspective of the environment, for habitats that are so
severely degraded that restoration efforts provide an obvious envi-
ronmental benefit. For example, when strip mines are revegetated,
there is little doubr thar the rehabilitared habirat has greater value
than would be the case without rehabilitation. Similarly, there are
clear environmental benefits when a polluted river is restored by
controlling discharges. However, there are other cases where it is
less clear whether restoration has a positive effect. Is it beneficial to
allow an environmentally damaging project to proceed because of
the promise that restoration can replace the lost functions of the
damaged habitar?

There is also the question of whether the benefits of restora-
tion, which can be quite expensive, are worth the cost. Such issues
are traditionally addressed by economic cost benefit analyses.
Some economists have recognized that natural resources are un-
dervalued when judged by market value alone. The field of ecolog-
ical economics has developed to address these issues.¥ However,
ecological economics remains anthropocentric in that its assess-
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ments concern the value of natural resources to humans. Perhaps a
more fundamental issue is the value of the natural resources ro the
ecosystem. NEPA, for example, promulgates the policy of “no net
loss” of resource values — but how can we know if there is a net
loss unless we can measure the ecological value of the resources lost
and the ecological value of the resources gained through restora-
tion?

There are other reasons to measure ecological value for a given
habitat, A major issue in wetland restoration concerns the success
of restoration. An early study indicated thar few wetland restora-
tion projects in San Francisco Bay were completely successful, and
many were outright failures.> More recent studies have also raised
questions about the success of wetland restorations.® Much of the
concern about the restoration of coastal wetlands revolves around
the issue of whether a restored wetland can duplicate the functions
of natural wetlands.” If restored wetlands do not duplicate natural
wetland funcrions, then destroying such areas will result in a net
loss of wetland valucs and functions, even if the destruction is mit-
igated by requiring wetland restoration. One approach for deter-
mining success of wetland restoration and ensuring that there is no
net loss of wetland values and functions is to define success as oc-
curring when the ecological value of the restored wetland equals
the value of narural reference wetlands. To use this approach, we
must know how to measure ecological value.

Before proceeding to a consideration of how to determine val-
ue, it is worth considering whether we should even try to measure
ir and what we mean by it. One might ask, “Isn’t it enough just to
say everything has intrinsic value?” In many ways, this is rrue. In
fact, from an ecological perspective it is hard to get past the intrin-
sic value of, for example, species. Each species plays a unique role
in an ecosystem, and no species can truly replace another. From an
ecological perspective, how can we say that one species is more
valuable than another, or even that two species are of equal value?
The driving force for measuring the value of habirats is a pragmat-
ic one. Development will occur, and its unavoidable impacts
should be mitigated. In many cascs, this will mean compensatory



70 + Part I: Values, Places, and Nature

mitigation, where, for example, x acres of a parricular habitat must
be restored as mitigation for damage to y acres of that same habirtat
type elsewhere. Decision-makers need to know whar mitigation
ratio (tradeoff ratio) is needed to achieve no nert loss of resource
value. The ratio will be determined with or without the input of
scientists. Thus, the challenge to scientists is to provide a scientifi-
cally defensible basis for these ratios. Furthermore, there are legal
and policy imperatives for considering ecological value. A Memo-
randum of Agreement (MOA) between the U.S. Army Corps of
Engineers and the Environmental Protection Agency {dated Feb-
ruary 7, 1990) addresses mitigation obligations under § 404 of the
Clean Water Act. The MOA specifies that the unit of measure for
determining “no net loss” should be ccological value rather than
acreage.

DEFINING AND MEASURING VALUE

The first step to measuring the value of a habitat, whether restored
or not, is to define what is meant by value. In a general sense, any-
thing that is worthwhile or desirable has value. Utility can also
contribute to value; for example, the American Heritage Dictio-
nary defines value as “worth in usefulness or importance to the
possessor; utility or merit.”® For the purposes of habitat valuation,
a useful working definition of value is: the capacity to satisfy a
need.

For the purposes of this chapter, I consider ecological value, chac
is, value from the perspective of a system of organisms, rather than
anthropocentric values. Clearly, a habitar has other values, includ-
ing the commodity and non-commodity values that provide “a
sense of place.”” Nonetheless, the efforts to assign a value to
non-consumptive uses or to the intrinsic value of a natural re-
source relate back to the value of that resource to humans. This
value will vary with the evaluator: the value of a wetland to a de-
veloper is likely to be very different from the value to a bird-
watcher. In addidon, circumstances will affect economic values;
for example, the value of an acre of coastal mangrove swamp may
be judged very high by the general public when the public per-
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ceives that the mangrove swamp can provide valuable seafood, but
the value may decline if this same seafood can be produced as easi-
ly in aquaculture tanks. Although determination of these econom-
ic values can be important, I have not considered them here be-
cause I am concerned with ecological value. This is an important
distinction, because the characteristics that make a habitat valu-
able from an economic point of view do not necessarily corre-
spond to the characteristics that make the habitat valuable to a
bird or a fish. To use the mangrove swamp example, the ecological
value of the mangrove swamp is not diminished by the capability
of producing seafood by aquaculture, even though the economic
value may be,

In habitat valuation, there are two main valuation issues. Firs,
we need to assess the value of something to the system. How well
does this something (for example, nutrient cycling) satisfy the
needs of the system? This is an issue of determining relative values
of different components within one system. Second, we need to
assess the relative values of different states of a system, or different
systems. For example, we might be interested in comparing the
value of a restored wetland to a natural wetland. We mighe also
want to compare the relative values of different habitats, such as a
coastal harbor compared to a coastal wetland. An interesting and
importanc issue in assigning value concerns the equivalence of dif-
ferent objects or services. In assigning value using a common cur-
rency, there is an assumption that items and services are, to some
extent, interchangeable. This idea is implied in the American Her-
itage Dictionary definition of value as “an amount considered to
be a suitable equivalent for something else; a fair price or return for
goods or services” (emphasis added).!? This presents a fundamen-
ral dilemma for an ecologist trying to place a value on a habitat be-
cause it is clear that, from an ecological perspective, species are oz
equivalent to each other: each species is different, and each plays a
unique role in an ecosystem, The practical need for habicar valua-
tion forces a broader view of ecosystems, one thart focuses on fun-
damental functions and processes that are common to different
SySlClTlS.
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With our working definition of value as the capacity to satisfy a
need, how do we go about measuring it? A first step would be o
identify the needs — in this case, the “needs” of the ecosystem.
Having identified the needs, one must then determine how well a
particular habitat satisfies them. Habitart valuation techniques have
been developed for a variety of reasons, and some of the existing
techniques adopt an approach based on “needs,” although it is not
stated explicitly. The Habitar Evaluation Procedures (HEP), devel-
oped by the U.S. Fish and Wildlife Service, uses models to relate
physical features of a habitat to the suitability of the habitat for a
particular rarget species.!! Critical features of the habitat are iden-
tified based on the needs of the target species, functions are con-
structed to relate these features to habitat suirability dependent
upon how well a particular area satisfies those needs, and these
suitabilities are combined to yield a single number.

Because the habitat suitability models can be applied in differ-
ent habirar types, HEP can be used to determine the acreage of
one habitat type necessary to compensate for an impact to another
type of habitat. Detailed informarion about the natural history of
the target species is required for HER and relatively few models
have been developed so far for coastal species. To circumvent the
limitation imposed by the need for detailed models, 2 modified
HEP analysis is sometimes performed based on the subjective
“best professional judgment” of experts. In any case, HEP is not
comprehensive, since there will be many species in a habirar that
are not targeted but which nonetheless add value to the habitat. In
addition, HEP focuses on individual species rather than commu-
NIties Or €COSYStem pProcesses.

Another commonly-used habitat valuation technique is the
Wetland Evaluation Technique (WET), developed by the Federal
Highway Administration and used by the U.S. Army Corps of En-
gineers.!? As the name implies, WET is restricted to use in wet-
lands, but within this habitat type WET takes a more comprehen-
sive approach to habitar evaluation than HER WET is based on a
number of physical, hydrological, and bioclogical functions per-

formed by wetlands, including things such as groundwater dis-
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charge, nutrient removal/transformation, and aquatic diversicy/abun-
dance (see Table 3.1). WET does not preduce a single number to
represent the value of a habitar (in fact, it does not really assign a
value to a habirac at all), instead it uses a series of predictors o
judge the probability that a particular wetland has the opportuniry
and effecriveness to perform wetland functions; the probabilities
are determined on a scale of low, moderate or high. There is a pro-
cedure for comparing wetlands, but it is not quantitative. In addi-

Table 3.1. Example wetland functions and values.

Wetland Evaluation Technique

Zedler

Groundwater recharge

Groundwater discharge
Flood flow alteration
Sediment stabilization

Sediment/toxicant retention

Nutrient removal/transformation

Production export
Aquatic diversity/abundance

Wildlife diversity/abundance for
breeding

Wildlife diversity/abundance for

migration and wintering

Recreation and uniquenesstheritage

Provision of habitar for wetland
dependent species

Support food chains
Transformaricn of nutrients
Mainrenance: of plant populations

Resilience (ability to recover from
disturbances)

Resistance to invasive species
(plant or animal)

Pollination
Maintenance of local gene pools

Access to refuges during high
warer

Accommodation of rising sea level
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tion, only a few of the functions included in WET relate to eco-
logical functions.

Other habirat valuation techniques have also been developed.
For example, the Biological Evaluation Standardized Technique
(BEST), developed by MEC Analyrtical Systems, Inc. for the Port
of Los Angeles, was developed specifically to avoid some of the
problems associated with HEP and WET.? Like HED, BEST re-
quires the identification of target species upon which the evalua-
tion will be based; this introduces a subjective and/or anthro-
pocentric factor into the analysis, and also results in an evaluation
based on only a subset of the important elements of 2 habitat. A
BEST analysis typically includes abour ten target species and pet-
haps a few additional factors, such as fish productviry and habirac
scarcity. BEST does not attempt to include all important features of
a habitat. More importantly, BEST does not attempt to determine
how well a particular habitat satisfies critical ecosystem needs.

Davis argues that the assessment of ecological value should em-
phasize the ecosystem as a total functional unit rather than as indi-
vidual species. She identifies the crirical functions of an ecosystem
as the ability to accomplish the following:

* the ability to produce food and transfer energy

* the ability to supply habitat thar supports a
diversity of species

* the ability to interact with other ecosystems
* the ability to maincin itself

* the ability to develop and evolve!

Davis notes that the performance of these functions is often in-
timately related to the geographic setting of the ecosystem. Finally,
Davis suggests that ecological value, like value in other areas, can
be defined by the relationship berween scarcity of supply and the
level of demand. Thus, a rare habitat type would have higher value
than a widespread onc because of its scarcity. We can use critical
ccosystem functions as the “needs” of an ecosystem, so basing
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habitat value on these functions is appropriare. Ecosystem func-
tions allow a comprehensive assessment of a habitat’s value. In ad-
dition, most functions are not restricted to a particular habitat
type, so focusing on functions allows the values of somewhar dif-
ferent habitats to be compared — a necessary condition for
out-of-kind mitigation, but an elusive one.

IDENTIFYING FUNCTIONS AND ATTRIBUTES

A function is an action performed for a purpose. A habitat func-
tion is an action performed by the habitat for a specific ecological
purpose, such as nutrient cycling or support of fish. Wetland ecol-
ogists have been concerned about wetland functions for some
time, and a great many functions have been identified. Some of
these have already been mentioned, but there are many more rep-
resenting a diversity of perspectives (see Table 3.1)."

[t probably is not possible to generate a short list of critical
ecosystem functions that would be universally accepted. Instead, a
working list (Table 3.2) is presented that is a reasonably compre-
hensive compilation of functions from a variety of sources. This
list s likely to change, but it provides a basis for future discussions.
It is also purposefully general, but specific valuations may need to
incorporate additional locally-important functions.'® Note that
many functions also include subfunctions, some of which are not-
ed in Table 3.2. The form of the subfunctions for functions that
involve support of a taxon is similar. For example, the “Support of
Fish” function is very general, and there are many aspects of “fish”
that would influence the value of a habitat {(see Table 3.3). Cer-
tainly, the abundances of different lifestages would be important,
since habitats could be important breeding grounds (support for
egg and larval stages} or nursery grounds (support of juveniles) as
well as supporting adult populations. In addition, the diversity of
fish that a habitat supported would contribute to its value.

An attribute is an inherent characteristic. We are concerned
with an attribute of a function, that is, a measurable characteristic
of the function that can be used to assess the degree to which the
funcrion is performed. In chis sense, artributes are synonymous
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with the “indicators” discussed by Kentula and her colleagues.'”

They describe indicators as “variables so closely associated with
particular wetland funcrions that their presence or value is symp-
romatic of the existence or level of function.”*® While funcrions
are the basis for an ecosystem valuation, the artributes of functions
tell us what actually must be measured. For example, the function
“support of fish” has a number of subfunctions relating to the sup-
port of different lifestages and the support of diversity (Table 3.3).
What should be measured to determine how well the habitat ful-

Table 3.2. Potential ecosystem funciions.

Population Level

Support of fish

Support of plants

Support of insects

Support of aquatic invertebrates
Support of birds

Support of other vertebrates

Conmunity Level

Support of Community Structure
Species diversity
Genertic diversity
Resilience

Eeosystem Level

Ecological integrity

Nutrient cycling

Productivity
Primary production
Secondary production
Tertiary production
Production export

Strategic Linkage to Other Ecosystems
Connectivity to other systems
Rarity
Migration




Ecological Value in Restored Ecosystems » 77

fills each of these functions? A measure of abundance is the most
obvious attribute — as abundance increases in a habitar, the value
of the habitat with respect to that function increases.

It would be possible to use total abundance of, for example,
adules, if species composition did not matter. Typically, this will
not be the case, and it will be desirable to measure the abundances
of different taxa separately. The most obvious taxonomic unit is
the species, and this is typically what has been used in previous
habitat valuation methodologies. However, as discussed below,
species are frequently habitat-specific, and other classifications
may be better. Idenrifying appropriate attributes for some func-
tions can be problematic. For example, resilience is an important
subfunction of Support of Community Structure (see Table 3.2),
but what is the appropriate attribute? In this and other cases, there
is also the problem of how the attribute can actually be measured.
For example, we would want to measure resilience based on how
the community responded to perturbations. We cannot simply
visit a wetland and measure this. 1deally, resilience would be
judged based on manipulative field experiments, which generally
will not be practical in the course of a habitat valuation.

Ecosystem functions and attributes can be used to identify the
“needs” of an ecosystem, bur how do we measure the capacity of a

Table 3.3. Example of a function (support of fish) with its subfunctions and
attributes.

Support of Fish

Supporr of Egg/Larval Abundance: egg/larval abundance for Guild 1
egg/larval abundance for Guild 2

Support of Juvenile Abundance: juvenile abundance for Guild 1
juvenile abundance for Guild 2

Support of Adule Abundance: adulc abundance for Guild 1
adult abundance for Guild 2

Support of Diversity: diversity for Guild 1
diversity for Guild 2
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particular habitat to satisty those needs? The attributes tell us whar
to measure, and in some cases it may be obvious from attribute
measurements whether one habitat is more or less valuable than
another. For example, if the attribure is “abundance of adult fish,”
the habitar with more fish may be more valuable than a habitat
with fewer fish. There are several shortcomings to this simplistic
measure of relative value. In some cases, more may not be better.
This would be the case for exotic species, for example. More im-
portantly, relative value tells us nothing about absolute value. In
the example above, both habitats may support few fish compared
to other habitats; although one habitat may be more valuable than
the other, what we really want to know is that both have a low ca-
pacity to support fish, and thus have little value for fish. Measure-
ments must be compared to a standard that is the optimal or best
condition known for the attribute.

This is an area with clear differences in the approaches taken by
different techniques. HEP, through detailed understanding and
models of habitat suitability, compares the value of a particular
habirat to the optimal situation for that habitat characteristic.
Thus, HEP uses an absolute standard. WET also uses an absolute
standard, bur very loosely. In contrast, BEST uses a relative stan-
dard, comparing the abundance of a species in one particular habi-
tat to its abundances in the other habitats included in the assess-
ment. Thus, with BEST one can determine which site is relatively
good for a species, or relatively poor, compared to the other habi-
tats in that particular assessment, but thete is no absolute standard
of comparison.

HABITAT INDEPENDENCE

If one habitat were being compared o another identical habitar, it
would be possible to base a valuation on specific details about the
particular habicar type. Bur this is often not the case. Even when
restoring a coastal wetland, the restored wetland will have 2 mix of
habitat types that is different from the original degraded wetland.
For example, the restored wetland may have lower marsh, tidal
creeks, subtidal unvegerated arcas and so on, whilc the degraded
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wetland may have been mostly seasonal wetland and high marsh.
Each of these areas will have different species. How can the value
of the two areas be compared when there are, for example, 100 in-
dividuals/m? of species x in the restored wetland and 50 individu-
als/m? of species v in the degraded wetland? In other words, how
can disparate sets of attributes be compared?

Thus, comparative valuation of different things must be done
by using a criterion that is common to all. If the values of different
habitats are to be compared, the criteria that are habitat-depen-
dent cannot be used. The need for habitat-independence is partic-
ularly important for three aspects of habitat valuation:

* Functions should be general ecological functions.

* Standards must apply over the general region.

+ Taxa included should generally not be restricted to
onc habitat or the other.

The difficulty of comparing across habitat types has been a ma-
jor shortcoming of previous habitat valuation techniques. The is-
sue of appropriate taxonomic categories has been particularly trou-
blesome. Ecologists tend to think in terms of species, and both
HEP and BEST utilize target species. Yet species tend to have
rather specific habitat requirements. One solution to this problem
is to use guilds instead of species in habitat valuations. Guilds are
groups of species that are ecologically similar. Guilds can be de-
fined in a number of different ways, bur as an example, guilds
could be defined according to primary habitat, feeding habitat,
and prey type (sce Table 3.4). Different habitats are likely to have
representatives of the same guilds even though the species may dif-
fer.

AN ECOSYSTEM VALUATION FRAMEWORK

Having identified the roles of functions and standards in valuing
ecosystems, a framework for an ecosystem valuation methodology
must be developed. There is also a need to be practical. An ecosys-

tem valuation methodology must provide a reasonable representa-
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tion of value, but it must also be usable. For example, the logic
and procedures should be easily comprehended and used. Table
3.5 presents some desirable characteristics of a habicat value meth-
odology.

The details of how all the issues identified here can be com-
bined into a valuation methodology are beyond the scope of this
chapter, but the basic steps that are required can be outlined. First,
attributes would be measured in the habitat(s) to be valued. Next,
the measured attribute values would be standardized by compar-
ing them against a standard for the region. One approach to stan-
dardization would be to divide the measured value by the stan-
dard, yielding a value berween 0 and 1, with 1 indicating an opu-
mal habitar for that parricular funcrion. Finally, the standardized
values would be combined to generate an overall value. Many dif-
ferent approaches could be taken, but the simplest way to com-
bine the standardized values would be to add them. This process
would be repeated for each of the subfuncrions and functions, ul-
timately yielding a single number for the value of the habitat.

It is likely that no wetland, natural or restored, would be opti-
mum in every function. In judging whether a restoration is suc-
cessful, the value of the restored werland would need to be com-
pared ro the values of reference natural wetlands. Kentula and col-

Table 3.4. Possible guild classificacion for fishes.

Primary Habitat Feeding Habitat Prey Type
Water Column Water Column Plankton
Benthic Water Column/Benthic Invertebrates
Benthic Fish
Plants

NOTE: Guilds would be defined according to primary habitar, feeding habitat and
prey type. For example, California halibut, which lives an the bottom and feeds
primarily on fish in the water column, would belong to the benthic, water column,

fish guild.
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Table 3.5. Desirable characteristics of a Habitat Valuation Methodology.

Characteristic Comments

Objective Conclusions should not be unduly influenced
by subjective judgements

Flexible Should be able to adjust the level of detail
without changing the logic or structure; should
allow both quantirative and qualitative infor-
mation to be used

Systeratic Method steps should be logical and resuls
should be replicable

Robust: data Concdlusions should not be greatly affected by

species slight differences in data or the species included

Scientifically defensible

Quantitative

Simple data
requirements

Outpur: single number
value/unit area

Comprehensive

Comparable across
habitac types

Should be based on ecologically sound principles

Should utilize quantitative information as
much as possible to minimize subjective influ-
ences and provide appropriate output

Should not have impossible data requirements,
and should be reasonably fast to produce
results

To facilitate comparisons of different habitats,
output should provide (1) single quantitative
measure of value, and (2} value/unirt area

Should include all of the relevant aspects of
ccosystem value

Should be relatively habitat-independent so
that different habitat types can be compared
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leagues discuss a number of aspects of such a comparative study,
including how to select reference wetlands.'* They propose that
the success of wetland restoration be based on performance curves
for indicarors (functions), which are generated by sampling a num-
ber of restored and natural wetlands. Each performance curve is
related to a different ecosystem function. Determination of wet-
land value as outlined here complements the approach proposed
by Kentula et al., allowing their separate performance curves to be
integrated and facilitating a judgment about the overall success of
the restoration.

I have proposed that the ecological value of ¢cosystems should
be based on critical ecosystem functions. Most of the concern
about the success of habitat restoration also revolves around ecosys-
tem functions, particularly the quesdon of whether a restored habi-
tat can replace or duplicate narural ecosystem functions. Thus, the
valuation method provides a useful framework for determining the
success of restoration. The most successful restorations, those that
achieve the highest levels of ecosystem functions, will have high
ecological value. For assessing both restoration success and ecologi-
cal value, it is crucial that an appropriate standard be defined.
Kentula et al. emphasize this point when discussing the selection
of reference natural wetlands to be used in an evaluation of re-
stored wetlands.

There is clearly much work to be done to develop a habitat or
ecosystem valuation methodology. I have discussed a number of
features that should form the basis of an ecological valuation
merhod, starting from a consideration of what comprises value, It
must be recognized that a habitat or ecosystem is more than sim-
ply a collection of things (species); the value of the ecosystern em-
anates from how well it performs its functions. Any ecological val-
uvation methodology needs to recognize the existence of a wide
range of ecosystemn functions. In some cases, a narrow view of the
value of a habitat may be all that is necessary, especially for an
agency with a restricted mandate such as the National Marine
Fisheries Service, which is concerned primarily with fish. Bur a
valuation methodology thar bases the value of a habitat on a rela-
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tively few target species will not provide a complete evaluation,
and for many purposes this will not be adequate.

Ecological valuation is an important and difficult problem for
applied ecologists and decision-makers. It exemplifies problems at
the interface berween science and policy, because scientists work-
ing on habirat valuation are motivated by policy needs. However,
the direct application of ecological valuation is relatively narrow,
involving mainly mitigation decisions and restoration evaluations
and focused mainly on science. How does ecological value relate to
the broader concept of value from a human perspecrive?

Ecological valuation gives a measure of the quality or integrity
of the ecosystem, of how well the ecosystem is working. There are
economic dimensions to ecological value, since ecosystems with
high value may be more likely to support productive fisheries, have
a high level of groundwater recharge or flood control, provide a
more enjoyable recreational experience, and so forth. There are
also less obvious, but equally important, nonuse dimensions to
ecological value. For example, Stephen Kellert recognizes the link
between ecological value and nonuse values when he argues that
“[lJiving diversity and the ecological processes that support it are
not just a matter of material well-being, but also the foundation
for our emortional, intellectual, aestheric and ethical existence.”?"
Habitats with high ecological value have high existence value,
since the public has repeatedly indicated a willingness to pay for
the preservation of natural areas they are never likely to visit. Thus,
ecological value is the basis for many of the aspects of habitats that
humans value.
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Calvinism Minus God:
Environmental Restoration as a

Theological Concept

RoOBERT H. NELSON

On the twenty-fifth anniversary of Earth Day, “Archdruid” David
Brower spoke before a rapt congregation in Washingron’s National
Cathedral. He preached a special message, “CPR for the earth.”
Conservation, preservation and restoration would save the earth
and all of us along with it. The first two terms, conservation and
preservation, connote the biblical injunction to be stewards of the
earth, but this chapter is limited to a consideration of the last
term, to “restore.” It has a good sound. It is simply better than
“clean up,” “improve,” “mitigate,” “protect,” or a host of other
terms commonly applied to the environment. As I shall explain, it
is not a scientific concept; rather it is a strong metaphor, powerful
precisely because it has a strong ethical and even religious flavor. It
offers the possibility of sensing a divine presence behind nature
and it relates to redemption of the individual following the fall of
mankind. After all, the basic goal of the Christian religion is to re-
store humanity to the harmony with narure that once existed in
the Garden of Eden. [n the current environmental lexicon, to re-

87
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store versus to degrade an element of nature is the moral equiva-
lent of good versus evil.

As a marrer of public policy, the restoration of degraded habitat
has become an increasingly important environmental objective. In
September 1990 the United States National Oceanic and Atnos-
pheric Administration (NOAA) held a Symposium on Habitar
Restoration in Washington, D.C. Speaking at the sympostum, the
Chair of the President’s Council on Environmental Quality,
Michael Deland, said that not only must we “prescrve existing
ecosystems to the fullest extent,” but we must “add significanty to
the restoration column of the ledger.”! For example, given that
some degree of wetland loss would be unavoidable, Deland com-
mented that President Bush’s policy of “no net loss of wetlands” re-
quired the restoration (or creation) of equal amounts of wetlands.

Most of the symposium papers concerned the sciendific prob-
fems of seeking to improve and perhaps to reestablish an earlier
condition of currently degraded fish and wildlife habitat, as well as
other environmental features. There is much to say about these
problems, both as a matter of theory and as a matter of digesting
the lessons of past restoration experiences. That is not my purpose
in this chapter, however. Here, I want to examine the philosophi-
cal — or theological, as I will argue -— foundations for the very
goal of restoring the environment.

NOT A SCIENTIFIC CONCEPT

To begin, it may be helpful to recognize that the goal of “restora-
tion” in fact has little meaning in a strict scientific sense. No one
can say precisely the state of affairs that, if it could be arrained,
would constitute true restoration. Even if a definition could be
agreed upon, true restoration in many cases would be technically
impossible. Indeed, the term “restore” is not typically meant in a
scientifically precise sense. Jimmy Bates, Chief of the Policy and
Planning Division at the United States Army Corps of Engineers,
says that “we would not set, nor pursue, unrealistic and unpracti-
cal goals such as restoring the fish and wildlife habirat of Chesa-
peake Bay to the conditions that Caprain John Smith found and
recorded.” Rather, in the real world of government policy making,
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the goal is much more modest: “t1o return the existing but degrad-
ed productivity of fish and wildlife habitats to their modern his-
toric levels — this means the natural, normal levels of fish and
wildlife productivity of recent times.”? But what are “recent times”?
It could be 1980 — or 1970. Perhaps others would find an appro-
priate benchmark in the conditions of the Chesapeake Bay prior to
Wotld War II. Another common reference point in contemplating
the past is the turn of a century. Recent times thus might mean
around the end of the nineteenth cenrury.

For various practical reasons, even if we could agree on a date,
there are many other arbitrary elements in serting a standard for
“restore.” How can the state of an environment at any given time
be characterized? Some would like to use words or pictures in their
mind. But this enters the realm of poetry; it will inevitably be sub-
jective. Any operational characterization of the environment for
policy purposes is likely to rely on quantitative measures. Such
measures, however, will only capture a limited part of the overall
picture, that which is both measurable in concept and for which
there is available data. Whar would it mean, for examp]e, to restore
the Chesapeake to the environment of the Bay as it existed prior to
World War [1? Is this goal to be defined in terms of the harvest of
rockfish, bluefish, crabs, oysters, and other commercial species?
They capture the most attention and are likely to be the only data
readily available from much earlier periods. But how can the ne-
glect of other species be justified?

The deanliness of the waters might be an appropriate criterion
for a restoration project. But water quality can be measured by
sediment levels, phosphates, concentrations of mercury, presence
of algae, and in many other ways. Few if any such measures are
likely to be available from a century ago. Many will not be avail-
able even for much more recent perieds. Thus, compounding the
arbitrary elements, it could well be that the availability of dara
ends up driving the definition of the point in time taken to repre-
sent the achievement of a state of “restoration.”

Even then, it is unlikely that true testoration can be accom-
plished. Some would argue that, like an art work by an old master,
no restored place — however exactly it replicates the original —
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can ever be the same. Leaving this metaphysical question aside for
the moment, the current state of scientific knowledge and the
technical skills simply will not be adequate in most cases ro achiev-
ing a genuine restoration. A United States FPA official said that
“artificial wetlands don’t have the same capacity and same environ-
mental effect as natural wetlands,” and the best that can be hoped
for at present is that “improved efforts may make them closer in
the future.”?

Why, then, has so much government and public actention been
focussed on the idea of restoration? Metaphysically, it is not a well
grounded concepr; it embodies a sense thar there is some “true”
state, when in fact nawure is subject to constant flux. Practically
speaking, even if some past environmental state could be estab-
lished as the correct goal — however arbitrarily — the technical
means of restoration are not available. To “restore” in actual prac-
tice is likely to mean simply taking some useful and incremental
steps to clean up and otherwise improve the environment. It is no
more profound, no deeper than that.

RESTORATION AS METAPHOR

Why, then, the attachment to describing such pragmatic environ-
mental efforts as “restoration?” Here we must leave the realm of
the environment as a physical and scientific entity and enter the
realm of the environment as the object of powerful imagery and
symbolism. As a matter of poetry, a “restored” environment is
much better than a “cleaner” envitonment. So appeals to restore
the environment, among other advantages, are effective in attract-
ing further financial and other resources to the environmental
cause.

But this begs the question of why the image of restoration
works as poetry, when many other metaphors do not. I propose to
address this issue by examining some efforts by philosophers to ex-
plain why the preservation of species should be a matter of great
ethical concern. This is similar to the question of why we should
seek to restore environmental conditions as they existed in the
past. Species prescrvation sccks, among other objectives, to ensure
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that for future generations the meaning of “restore” is not to recov-
er the conditions of the world as they exist right now.

According to philosopher Claudia Mills one possible reason for
preserving species is that around the world “the biota contains ten
million species, {that may]...represent ten million successful solu-
tions to a series of biological problems, any one of which could be
immensely valuable to us in a number of ways.” However, after ex-
amining this argument, Mills concludes that it “cannot bear a
great deal of weight. It sounds too much like the reasoning of our
old Aunt Tillie, who saves every bit of string or bottle cap on the
off chance that it may someday come in useful. Clutter mounts up
exponentially, and someday never comes.” Philosophically, it sim-
ply will not do to “appeal to the possible future usefulness of
species” to justify the preservation of all current species.* Utilitari-
an arguments will not work.?

It may be possible to argue instead that species have an “intrin-
sic value” that requires their preservation — that they should be
preserved “not merely in virtue of what else they are good for, but
because they are good in rhemselves.”® Or, as we might now ask, as-
suming, there were such a thing as a true “natural” condition of the
past, and assuming also that we could somehow specify this condi-
tion, would there be an intrinsic value in restoring this condition?
Again Mills is skeptical: “while these claims have considerable
rhetorical force...they raise more questions than they answer. Why
do we think species have intrinsic value? In whar is it grounded?
What is it abour species [or restored environments] that makes
them valuable [in themselves]?”” To these questions, there are no
philosophically well grounded answers.

Western tradition says that human life is intrinsically valuable
because human beings alone among species are self-conscious and
have rationality. This is also what many theologians have interpret-
ed the Old Testament to mean when it says that man is made “in
the image of God.”® However, most animal species, to say nothing
of 2 mere body of water, rock or other physical object, cannot
qualify for preservation — or restoration — under this criterion.’
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If preserving a species ot restoring a portion of nature cannot
be defended for what it does for us in practical terms, and does
not have an intrinsic value in itself, does this mean that no philo-
sophical defense is possible? Such a conclusion, for Mills and
many other people, would be unacceptable.'® It mighr even cause
one to wonder about the meaning and validity of the entire enter-
prise of philosophy. So it is not surprising that Mills proposes an
alternative. Indeed, she develops an argument based on a concept
called “transformative value.” It is important to preserve species,
Mills argues, because “there 1s a deeper clement of value in nature”
that reflects the fact that nature can not only “fulfill human desires
but also transform them.”!" The popular rheroric of the environ-
mental movement poses a false dichotomy between preservation as
justified for utilitarian reasons and preservation as justified for its
own sake. Both must fail. However, a valid argument is that “expe-
riences of ...and study of the natural world lead us to question our
values, to criticize and reform them, to alter them .?dtogetht‘:r."l2

Applying this philosophical test, and disagreeing with many
environmentalists, Mills in fact questions whether it is necessary to
preserve “each individual scrap of creation.” Rather, whar has
“transformative value” for Mills is “the magnificence and vulnera-
bility of the whole. It is nature itself, in all its diversity, that uplifts
and sustains us. That is what we are bound to preserve.”'?> Mark
Sagoff also explores what is uplifting abourt the experience of na-
ture. It is the “natural history” of the Chesapeake Bay, not the as-
sembly of “raw materials, biotic and abiotic, of various sorts” that
is important.' It s the existence of “the bay as natural resources
whose form is somehow ‘given’ by events in the past” that gives it
transformative value.!® Indeed, rather than numbers of fish
caught, levels of oyster harvests, days of sailing, or other practical
benefirs, “we owe more to the history and beauty of nature.”'® In
an awareness of the wonder of nature, it becomes possible to move
beyond “nature simply as 2 material basis for economic exploita-
tion,””

To be sure, the appeal of Mils to the grandeur of nature in our
lives, and of Sagoff to the sense of a place in history, raises a fur-
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ther question: Why do nature and history have this transformative
power? Why do they “uplift and sustain us,” and show us the way
t higher and better values, as Mills writes? Such questions are,
historically, the domain of theology. Indeed, understanding the
term broadly, they are still today theological in character.

A THEOLOGY OF RESTORATION

History and nature are hardly new subjects for western theology.
Indeed to explore these areas is to take up what some have regard-
ed as the central questions of western theology. In the Ju-
deo-Christian tradition, “history is not meaningless bur meaning-
ful. Though we are not always able to discern the meaning of each
historical event, we know whar the ultimate outcome of history
will be. We eagerly look forward to the new earth as part of a re-
newed universe in which God’s good creation will realize finally
and totally the purpose for which he called it into existence.”!8

The protection of nature, and even the preservadon of species,
also is hardly a novel subject in Judeo-Christian theology. There is,
of course, the biblical story of Noah and his ark, saving all the
species of the world. Calvin in the sixteenth century would argue
that God intends “for the preservation of each species until the
Last Day.”" Bur all of Nature has a power to instruct us in proper
values. Calvin further speaks of “the knowledge of God [that is]
sown in their minds out of the wonderful workmanship of nature”
and of Narure as offering “burning lamps” that “shine for us...the
glory of its Author” above.?® Where many people today argue that
materialism promotes false values in American life, Calvin finds
essential values in Nature that must supersede the “superfluous
wealth” that yields a mere array of “prodigious trifles.”?! Indeed,
for Calvin the experience and study of the diverse species found in
Nature makes it possible to be “instructed by this bare and simple
testimony which the [animal] creatures render splendidly to the
glory of God.”#*

Such ideas would be secularized in the transcendental move-
ment of mid-nineteenth century New England, the original center
of Puritan {and Calvinist) theology in the United States. Arthur
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Ekirch, writes that for transcendentalists such as Emerson and
Thoreau “nature was the connecting link between God and man;”
thus, “God spoke to man through nature.”?* Christopher Lasch
explains how Emerson secularizes “his Calvinist forebears...Our
fallen nature, ‘our lapsed estate,” discloses itself precisely in our
blindness to the ‘deep remedial force’ in narure.”?* Emerson,
Thoreau and other transcendentalists are the American intellectual
precursors of the twentieth cenrury environmental movement.
John Muir, for example, regarded himself as a devoted disciple of
Emerson,

If nature, as Calvin preached, is the messenger of God, Calvin
would no doubrt find that all too many modern men and women
have turned away from God to all manner of false beliefs. Above
all, they have been blinded by the temptations of “progress,” a par-
ticularly insidious heresy. This false gospel preaches that human
beings can replace God; that they can control their fate; thar eco-
nomic necessity can be abolished; and that through scientific and
economic progress it will be possible to reach heaven on earth.?

Many environmentalists do not speak directly of God but they
often say much the same thing. They argue that true values are not
to be found in technology and material progress but in Nature.
The experience of Nature makes it possible to find spiritual renew-
al, to be uplifted and to rejoice in the wonder of the Creation. If
Narure is degraded or destroyed, as in the extinction of a species or
the pollution of a regional sea, it is to commit the very essence of
an evil act. Calvin said all these things as well. He simply added
that the significance of Narure was in offering a visible sign of
God’s presence in the world. By making contact with Narure, it
was possible to make direct contace with God’s own Creation and
thus indirectly with God himself. Matters of vocabulary aside, en-
vironmentalists often seem to be saying something very similar.

Where does the deep moral passion of current environmental-
ism originate? It is not to be found in the clinical detachment (the
“value neutrality”) of scientific analysis. It is not to be found in a
Darwinian view, which regards species extinction, for example, as
part of the normal and natural flux of the world. Perhaps implicit-
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ly, hesitantly and with some confusion, environmentalism is actu-
ally preaching to a secular world that there must truly be some
type of God somewhere. Indeed, without some such message,
there may be no well-founded philosophical or theological basis to
justify the environmental outlook on the world. “Restoration” of
Nacure, then, may have such appeal because it offers the possibiliey
of reexperiencing a divine presence in the world. For those who
wish to be spiritually renewed, it is important to be able to en-
counter in Nature — and if necessary, many believe, even a “re-
stored” nature will do — an outward manifesration of the power
of the Creator.

RESTORING THE GARDEN OF EDEN

There is a second source of powerful religious appeal found in the
image of restoration, Indeed, there is no more important idea in
the Christian tradition. The essential message of the New Testa-
ment is the intervention of God to save mankind — and thereby
to restore human beings 1o an innocent existence in true harmony
with Nature that existed before the fall of man into sinfulness and
so many evils. Thus far, T have spoken of “Nature” mostly in a
physical sense — the actual world of animals, plants, mountains,
streams, etc. The message of the Bible speaks of Nature in this
sense but also in another sense as well, as in the term “human na-
ture.” In Genesis, following the creation of the world, Adam and
Eve lived in perfect joy and happiness in the Garden of Eden.
They were in true harmony with their essential natures, never even
knowing, for example, the existence of hatred, anger, jealousy, or
other base thoughts. Even the animals, according to some ac-
counts, lived in harmony with one another, not having to prey
upon one another but provided with all their needs according to
the design of God.

The fall of man meant the end of all this. Henceforth, the
world would be filled with fighting, stealing, lying, and many oth-
er evils. Animals often had to eat other animals to survive. These
terrible developments reflected the wrath of God resulting from
Eve’s transgression. It meant that the onginal and truer nature was
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lost to mankind, corrupted by the stain of human sinfulness. Only
in heaven in the hereafter — or on earth following an apocalyptic
final intervention by God — as related in the Book of Revelation
among other places in the Bible — would the original existence of
human beings in true harmony with their essential natures be re-
stored.

Colleen McDannell and Bernard Land speak of “the collapsing -
together of the medieval images of paradise restored and the abode
of God.”?® In the Renaissance many people dreamed of the time
to come in heaven when all would enter a new realm “of loving
company in a pastoral serting.”?’ In one part of heaven we can
know that “the realm of the saints is paradise restored... Trees,
birds, flowers, and meadows flourish. It is not wild nature which
survives, but narure suited for human interests and needs.”?® In
short, the message of Christianity is fundamenrally nothing less
than a story of “restoration.” It is the restoration of nature — hu-
man and physical alike — that was long ago lost due to the fall of
man in the Garden of Eden. As poetry and rhetoric, if not literally,
the current movement to restore Nature evokes once again the
hope of finding paradise, of being saved from sin. To make a con-
tribution to environmental restoration is to declare oneself for the
side of the good in the world — as Calvin would have put it, to
pur ones faith in God.

AN ENVIRONMENTAL RENDITION OF THE FALL

Environmental morality is usually not derived from any full
fledged theological position. Many leading environmenralists are
part of secular culture and are uncomfortable with traditional the-
ological arguments or explicit references ro God as a justification
for environmental policies. However, some environmentalists have
developed a full “secular theology” of the fall of man and the ne-
cessity to restore the world to the conditions of an earlier time.

Environmental theologies, moreover, are not the first in the
modern era to follow in this path. In Rousseau, it is the progress of
knowledge and industry in “civilization” thar has corrupted our
truer and far berrer nature — a nature which we must now seek
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somehow to restore, the secular equivalent of returning to the Gar-
den of Eden.?® For Marx, alienation is the product of the separa-
tion of human beings from their truc natures brought about by
the economic forces of the class struggle. In prophesying the cata-
clysmic triumph of the proletariat, Marxism continues in the
apocalyptic tradition of western theology. The ideas of Rousseau
and Marx concerning man’s original nature by now have largely
faded into history. Their messages, however, have found new secu-
lar outlets within the contemporary environmental movement.
Consider the secular theology of Dave Foreman, a founder of
the radical environmental organization Earth First!, who offers a
precise exploration of the origins of sin and of the way of possible
salvation.?® As he sees matters, the world was a blissful place until
about 10,000 years ago. It was then that the beginnings of orga-
nized agriculture commenced the corruption of the human condi-
tion, leading to the current evils of “city, bureaucracy, patriarchy,
war” and many others.”* Foreman describes the growing separa-
tion of human beings and nature, the environmental version of
the Biblical rift between God and humanity following the expul-

sion from the Garden of Eden:

Before agriculture was midwifed in the Middle East [the same
place, of course, where Judeo-Christian religion was born], hu-
mans were in the wilderness. We had no concept of “wilderness”
because everything was wilderness and we were a part of it. Bue
with irrigation ditches, crop surpluses, and permanenr villages,
we became apart from the natural world and substituted our
fields, habitations, temples and storehouses. Berween the wilder-
ness that created us and the civilization created by us, grew an
ever-widening rift.3

As in Christianity, for Foreman the environmental path of sal-
vation means the recovery of natural conditions found long ago,
before the arrival of organized society plunged mankind into a
state of deep alienation. The whole world — or at least as much as
is at all practically possible — should be returned to the original

wilderness, the secular equivalent of restoring the biblical paradise.
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Foreman suggests that as a beginning step perhaps twenty-five per-
cent of the land area of the United States should be entered into
the wilderness system.>

Other prominent environmental writers such as Bill McKibben
explain that “it is not uceer silliness to talk about ending — or, at
least, transforming — industrial civilization.™* McKibben is pre-
pared at least to hope for “a different world, where roads are torn
out to create vast new wildernesses, where most development ceas-
es, and where much of man’s imprint on the earth is slowly erased.”*
"This would bring humanity back to the “blooming, humming, fer-
tile paradise” that existed before the earth was corrupted by the
spread of civilization — a paradise that could be found as recently
as a few centuries ago in the Americas, until then spared the evil
consequences of European civilization.*®

To recover the original earthly paradise of 10,000 years ago, a
massive atonement for the sins of the past will be necessary. The
impact of mankind has resulted in the widespread degradation of
the environment of the earth. If there is to be hope for the future,
a comprehensive project of restoration will be necessary. Admit-
tedly, each little restoration effort can only play a small parc in this
great task. The prospects of complete success are, to say the least,
daunting. Bur the supreme worthiness of the goal calls upon all
human beings to make sacrifices in its cause.

Environmental writings are in fact filled with metaphorical al-
lusions to the return to Eden. A book on the history of the global
environmental movement is titled Reclziming Paradise.’’ In Time
magazine, an article on “the last unexplored rain forest on earth” is
titled “the last Eden.”® The 500th anniversary of Columbus’ ar-
rival in the new world has precipitated a great debate, some claim-
ing that he introduced the sinful ways of fallen Europeans into an
innocent American paradise, others that “the America encoun-
tered by the first European settlers was no primeval Eden.”®

ENVIRONMENTAL CREATIONISM

A 1991 Gallop poll found that 47 percent of Americans believe
that “God created man pretty much in his present form at one
time within the last 10,000 years,™ Politically and socially, Chris-
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tian creationists and environmental activists live in different worlds.
Yet, there is a surprising similarity; a similarity that may, in fact, be
disconcerting to each side. Indeed, the focus on the past 10,000
years is only one of a number of significant elements linking fun-
damentalist Christian creationism with environmental theologies
of “the Creation.”

To begin with, both are fundamentally at odds with Darwin.
Limited to scientific analysis alone, the goal of preserving every in-
dividual species cannot have much importance. As Claudia Mills
writes: “Of course, almost every species that has ever lived has
gone extinct, so extinction itself is natural, normal, routine. Even
extinctions caused by human practices such as hunting and habirat
fragmentation cannot be called unnatural: Humans are part of na-
ture, too, as much as any other predators.”#! Yet, Mills does find
strong reasons to “preserve biological diversity generally, to protect
the integrity of the natural world.”#> Although this case can plau-
sibly be grounded in a Darwinian framework — biological diversi-
ty will help to enhance the overall prospects for survival of the hu-
man species — even then there is no particular reason to worry
about the preservation of every single species. Indeed, as Mills
writes, “each species is only one tiny unit of the world’s overall di-
versity, so perhaps [in utilitarian terms] no one species marters
very much.”#?

Why, then, do we have the Endangered Species Act, which says
that every single species must be saved almost without regard to
costs? Although hardly justifiable in the “value-neutral” terms of
ordinary science, it is nevertheless justifiable in theological terms.
Morally, both Christian and environmental theologies are saying
that the Creation, as a manifestation of the divine in the world,
must be preserved. This is necessary to uphold essential values and
religious truths. In both cases, the argument involves rejecting the
very framework of Darwinian analysis.

Environmental creationists like Christian creationists reason
from a beginning assumption of an original or true state of nature.
In both cases, this state existed until only a few thousand years
ago. Each animal and plant in that original state is intended with a
specific purpose in mind. Both theologies agree that for human
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beings to destroy a species is to tamper with the Creation; it is to
pur utilitarian and marerial needs of human beings in the place of
higher moral values, In Christianity the offense is commirred di-
rectly against God; human beings are secking to usurp the place of
God. If environmental theology admittedly does not speak direct-
ly of God, the difference secems to be more a matter of vocabulary
than of the essence of belief.

Contemporary environmentalism seems to be responding to
the needs of a secular age when traditional religion has lost its
force in the lives of many people. Indeed, to speak in traditional
Judeo-Christian terms of the sacredness of Creation, of God’s plan
for the world, of the importance in God’s plan of every individual
species, is to be excluded from mainstream political and policy dis-
cussion. Whar is possible in the mainstream is to devise a whole
new language — necessarily grounded in a secular vocabulary —
to express much the same substance. Contemporary environmen-
talism may in fact be attracting such a large following because it is
serving thar linguistic purpose, because it provides a sense of
meaning to people who otherwise would lack religion in their
lives.

The borrowing of old religious themes has been a pervasive fea-
ture of the modern age." The grear Protestant theologian, Paul
Tillich, once rated Marx “the most successful of all theologians
since the Reformation.™® It was said of French socialism in the
nineteenth cenrury that it was “Catcholicism, minus God.” I
might similarly be said today of imporrant segments of contemmpo-
rary environmentalism that they offer Calvinism, minus God.% It
is a faith with a particular appeal in an American society that has
its deepest roots not in Catholicism, but in a Calvinist and Puritan
outlook on the world first brought by the early settlers of New
England.

More broadly, these elements of environmentalism are making
a call for a revival of religious faith in the face of the corrosive in-
fluence of modernity on traditional religion. The “post-modern”
age, if it is truly upon us, may in fact prove to be a time of great re-
ligious ferment. New religions — or old faiths in new forms —
may emerge to replace the modern gospel of progress. Who can
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believe any longer in the transcendent powers of progress, when
the twentieth century has been marked by world wars, genocide,
and so many other horrors of scientifically and economically “ad-
vanced” nations and peoples?

SCIENCE VERSUS ENVIRONMENTALISM?

By and large, institutional science in America has not seen itself as
in opposition to environmenutal religion. [ndeed, many current sci-
entists are active participants in the environmental movement.
However, a new sense that a conflict may exist has emerged among
some scientists in recent years. Environmental creationism may in
reality be no more congenial to scientific orthodoxy than Christ-
tan creationism has been. In 1992 more than 200 scientists, in-
cluding 27 American Nobel prize winners, presented an appeal to
the heads of state attending the Earth Summir in Rio de Janeiro.
Addressing the rise of religious environmentalism, their statement
declared thar “we are worried, at the dawn of the twenty-first cen-
tury, at the emergence of an irrational ideology which is opposed
to scientific and industrial progress and impedes economic and so-
cial development,”®

For their part, a number of leading environmental thinkers
have acknowledged thar a deep tension exists between their con-
victions and the basic outlook of modern science. For example,
Bill Devall and George Sessions explain that “deep ecology goes
beyond the so-called factual scientific level to the level of self and
Earth Wisdom.”* They quote approvingly the observation of biolo-
gist Neil Everndon that “ecology undermines not only the growth
addict and the chronic developer but science itself.”>® They find
that the use of science to master and to control nature -— at the
heart of the western vision of “progress” — must be rejected in no
uncertain terms.

A remarkable development seems to be occurring in American
life at the end of the twenrtieth century. Religion, which in a secu-
lar age has been banished from the center of public life, is return-
ing, so to speak, through the back door. It is, surprisingly enough,
among leading segments of “avant-garde” opinion that the redis-
covery of old religion is most influential. Our new environmental
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prophets are telling us, if in a brand new vocabulary designed for a
secular age, that God exists and that his message — encountered
most directly in Nature — must be heeded at the peril of future
human existence. For the many sophisticates of the twentieth cen-
tury, who have believed thar modernity and scientific progtess
must gradually mean the end of religion, events today must fill
them with a great sense of surprise, a deep sense of trony and per-
haps considerable unease as well. Yet today’s events can be seen his-
torically as simply another instance of that particularly American
phenomenon — religious revivalism. As each wave of pioneers
moved further westward to tame the wilderness and wave the ban-
ner of progress, they were followed by a generation which sought
spiritual redemption, but in a form different from their brethren
back East or back in Europe.

The emotional power of “to restore” is derived from its ability
to summon perhaps the core message of the religious heritage of
the west — that human beings have fallen into deep sinfulness,
and must be restored to their original natural condition of inno-
cence and harmony. This task requires good works and men and
women of true faith. As more and more people see the light, we
can at Jeast hope that paradise on earth will be restored. Even for
those who do not believe this to be literally true, the image is pow-
erful, the poetry immensely appealing. Perhaps some of the skep-
tics actually believe it more than they readily admit.
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Managing the Unmanageable

MiICHAEL THOMPSON AND ALEX TRISOGLIO

The science that supplies us with the facts that enable us to define
the problems — such as those that we perceive as afflicting our
enclosed coastal seas — is in considerable disarray. The argument,
recently summatized in a number of readable books on chaos and
complexity, is that the science on which we have depended has
missed our all the squiggly bits and, unfortunately, it is the squig-
gly bits that matter.! Esoteric though this may sound, it has some
far-reaching implications for policy.

The intrinsic complexity of ecosystems and social systems ren-
ders them fundamentally different from non-complex systems,
that is, from systems in which the linear cause-and-effecr relation-
ships berween components render them predictable and manage-
able. Traditional policy making is appropriate only to non-com-
plex systems. It involves establishing the facts, weighing up the
probable costs and benefits of various possible interventions, and
moving from there to the right answer. But, in setting out to man-
age things like enclosed coastal seas, we have put ourselves far be-
yond the reach of this “Newtonian” approach: the approach in
which we find the right answer by the single-minded pursuit of a
single rationality. In our attempt to comprehend not just ecologi-
cal and social systems, burt their interactions, we have placed our-
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selves, whether we like it or not, in a world of complexity, multiple
rationalities, chaos, sensitivity to initial conditions, non-linearities
and intrinsic unpredictability. Reaching, uneritically, for our fa-
miliar Newtonian tools — neo-classical economics, in particular,
but also things like risk assessment and the “realist” approach to
international relations — we are committing ourselves to a most
unwise path. We are aspiring to manage the unmanageable.

What, then, is the wise path? The first essential is a thorough-
going rejection of Newtonian policy making, the tools on which it
relies and simplistic and insufficiently variegated understandings
of social institutions. Then, with that cleared out of the way, we
can set about constructing a new, post-Newtonian approach, and
identifying the sorts of tools that would be appropriate to it. These
tools, of course, are all around us: in notions such as decision mak-
ing under contradictory certitudes, myths of nature, visions of the
future, the theory of surprise, clumsy institutions, and indicators
of technological inflexibility. This chapter is concerned with only a
few of these. The change in approach that is entailed in this em-
bracing of plurality and complexity is profound and mote than a
little confusing given our Newtonian understandings and expecta-
tions of the world. Before explaining this requisite variety of insti-
tutional forms and the various constructions of nature that accom-
pany it, and to show that such discussions are not entirely esoteric,
we relate a little story to illustrate the complexity involved in re-
cent attempts to manage the Baltic environment.

A SHORT STORY

The Swedes already have very clean power stations, but they want
to make them even cleaner. The money they propose to spend will
certainly produce a slight reduction in Sweden’s polluting emis-
stons, but the same money spent on improving the filthy power
stations of its neighbor across the Baltic — Poland — would make
an enormous difference to Sweden’s environment. Indeed, if the
Swedes were to spend the money in Egypt they would do better
than if they spent it on themselves.? This little story suggests that
the policy path rowards a healthy Baltic Sea is far from smooth,
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and, in the context of international relations, it raises 2 host of
awkward and confusing questions. After posing and discussing a
number of questions to illustrate this analytical mess, we will sug-
gest a way out.

Should we see Egypt as a Baltic nation? If Egypt is a Baltic nation
do we, perhaps, need to see Poland as a Mediterranean nation? Should
Swedish money which is spent in Poland in pusuit of greater environ-
mental quality for Swedes be considered domestic spending?

The Swedish voters, during uncertain and recessionary times,
are unlikely to warm to the proposal that their taxes be spent in
Poland. But the pill could be sweetened by insisting that all the
contracts for the work in Poland be placed with Swedish compa-
nies.

Assuming that in these days of “late capitalism” you can tell wheth-
er 4 company is Swedish, would that be fair to companies in other
countries — companies that could probably do the work much cheap-
er? Would such a disregard for fair competition be fair to the Swedish
voters and taxpayers! In view of these confusions over fairness and
competition, should all these Swedish-Polish-Egyptian transactions be
seen as trade or as aid? What about “moral hazards™

There are no incentives here for Poland, or Egypt, to clean up
their acts. Quite the opposite: the dirtier they make themselves the
more aid they can expect.

Might the whole tangled web make more sense if we looked at it,
not from the perspectives of the individual nation states, but from the
points of view of the different enclosed coastal seas: the Baltic, the
Mediterrancan and, presumably, many others?

Of course, seas don’t have points of view. But we can pretend
that they have one, and thar they prefer to be free from substances
like mercury, and that they are happiest when there are lots of fish-
es swimming around inside them. In other words, we could agree
to treat these common property resources as the “primary actors,”
and then decide where the money should be spent, Sweden,
Poland, Egypt or wherever, so that the seas themselves get the
greatest improvement per currency unit. Such “joint implementa-
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tion” requires a remarkable level of agreement and mutual trust be-
tween the large number of nations involved.

What about national sovereignzy?

Countries that have grave doubts about surrendering a few
powers to the European Community are hardly likely to jump ar
the suggestion that they should hand the whole lot over to a wa-
tery waste that can not even articulate what it wants.

All of the above questions assume, as does most policy analysis,
that environmental improvement costs money bur, as John Adams
is always pointing out, it need not. He notes: “There are expensive
ways by which a fat person can lose weight — health farms, exer-
cise machines, liposuction — but walking or cycling to work and
eating less are likely to be more effective and actually save money.™?
This is the neglected consumprtion-reducing option, in which all
those expensive and fartening cream buns that one goes without
are translated directly into money in the pocket. Much the same is
true of the environment. All those bilateral transfers of funds, and
all those ingenious retrofittings of power stations, may just be a
way of perperuating grossly inappropriate lines of technological
development. Perhaps governments and firms are the problem, not
the solution.

Could ir be thar the biggest improvement in environmental quality
could come from the grassroors: from major shiffs in consumer prefer-
ences as citizens come to trust activist groups, like Greenpeace, more
than government ministers and advertising agencies?

The implication here is that activist groups are opposed to cozy
alliances berween government and business. However one must be
careful not to assume that this is always the case. Businesses, espe-
cially those that are responding to the consumption-reduction de-
mands of their customers, can fall out of love with government
and start cuddling-up to the critics of the established government-
business alliance.* The CFC-free refrigerator thar Greenpeace has
recently helped develop is an example of this “new alliance.” There
may emerge more of this kind of institutional pairing and less of
the type generally assumed.’
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THERE’S MORE TO LIFE THAN HIERARCHIES AND
MARKETS

One plausible answer to the “trade or aid” question — an answer
that also copes with the moral hazard business — is that the trans-
fers to Poland begin as aid but, over time, change into trade. The
argument here is that Poland, thanks to its years of communist
central planning, now has such an outmoded technological base
thar it really is in no position to compete with Western market
economies. The aid transfers, therefore, should continue until that
disadvantage has disappeared. At that moment the playing field
will be level and trade — fair rrade between roughly equal parners
— should begin.

This argument draws on the familiar institutional distinction
between markets (the competing players merrily bidding and bar-
gaining with one another) and Aierarchies {the benign authorities
who ensure that the conditions needed for the playing of this trad-
ing game are in place).® There is much good sense in this distinc-
tion. The trouble, however, is that since neither markets nor hier-
archies are in the business of reducing our intake of cream buns,
this cannot be the whole story. The hierarchies-and-markets frame-
work is deficient on two important counts. First, it is an incom-
plete typology. Second, it does not take account of the very differ-
ent convictions about the world and its people that each of these
arrangements for conducting social transactions induces in the in-
dividuals who constitute those arrangements. In other words, it is
insufficiently variegated and it ignores the social construction of hu-
man and physical nature. Once these two deficiencies have been
remedied, we will have a framework capable of sorting out messes
like those that currently engulf Swedes, Poles, Egyptians, and the
Baltic and Mediterranean Seas.

THE REQUISITE VARIETY OF INSTITUTIONAL FORMS

Since markets promote competition and institute equality whilst
hierarchies set limits on competition and institute inequality, there
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are two discriminators at work in this classic distinction. Thus, the
full typology includes two other permutations: equality without
competition, or “egalitarianism” and inequality with competition,
or “fatalism” (see Figure 5.1).7 It is the egalitarians — the Green-
peaces and Earth First!s of this world — who are the cream bun
rejectors. As their dumping of tons of non-returnable bottles on
the steps of the headquarters of multinarional companies suggests,
they are not entirely convinced that marker forces will solve all our
environmental ills. Their T-shirt, with the rhetorical question,
“Who Saved the Whales: Greenpeace or the Royal Society?” simi-
larly confirms their less-than-toral trust in the hierarchical mnstitu-
tions of the modern state. Egalitarianism is a distinct and un-
doubtedly influential institutional category that is uncompromis-
ingly opposed to both markets and hierarchies: the only instiru-
tional forms that conventional analysis recognizes.

Fatalists, for their part, are a sort of black hole, into which dis-
appears everything that is produced by the other three quadrants

Inequality
The Fatalist The Hierarchist
. Malurg
Nature Capricious PerversefTolerant
Unfetterad ‘ Fettered
Competition — ' Cornpetition
The Individualist The Egalitarian
Nature Benign Nature Ephemeral
Equality

Figure 5.1. The full typology.
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but not wanted by them. John Carman, an archaeologisr, has
called fatalists “dumpees™ a neologism that nicely captures the
way in which those who find themselves on the outside of all three
organized ways of life — markets, hierarchies and egalitarian
groups — cope with that situation: cheerfully guzzling whatever
good things happen to come their way and stoically enduring the
bad.® Faralists lose little sleep over things like ozone holes that may
or may not be opening up above them. After all, if the holes are
there what can they do about them? “Why Bother?” is the fatalist’s
not unreasonable response to the policy issues that so incite those
who are not fatalists.

It would be 2 mistake, however, to conclude from this that fa-
talists are irrelevant to the policy debate. Fatalists are the great “risk
absorbers” {acceptance and rejection are not issues) without whom
none of the actors who are engaged in the debate could get their
policies to work. Just as rubbish — thac which has no value — is
vital to the viability of that from which it is excluded (the dynamic
process by which value is formed and transformed), so fatalists are
indispensable to deciding policy. They are indispensable to the
policy process precisely because they take no part in it.”

Increasing the number of institutional varieties from rwo (mar-
kets and hierarchies) to four takes us well out of the reach of pre-
dictable change, or well beyond the sort of situation in which we
can say, “if we make this intervention, that will happen.” For in-
stance, if there are only two places to be and you set out, as Mar-
garet Thatcher did, to knock people out of hierarchy then they
will all end up in the other one: markets. The evidence suggests
that this did not happen.!® While some made this transition and
embraced the “enterprise culture,” others ended up in faralism {the
“underclass”) and still others entered into an unstratified solidarity
(egalitarianism) whose members were bitterly critical both of that
which Mrs. Thatcher was against (hierarchy) and that which she
was for {individualism). Mrs. Thatcher’s downfall, therefore, can
be explained in part by this mismatch between what she expected
would happen and whar actually transpired. That is where the the-
ory of surprise comes in, because Newtonian policies are being ap-
plied to a non-Newtonian system.
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THE SoOcCIAL CONSTRUCTIONS OF NATURE

Surprises result from discrepancies between expectation and out-
come, or between how we believe the world to be (our myth of na-
ture) and how it actually is. For instance, if we believe, like indi-
vidualists, that narure is so robust as o be able ro bounce back
from any insult we happen to inflict then we will be surprised
when it collapses catastrophically (when suddenly every last oyster
snuffs it, or the earth’s atmosphere flips across into a new system-
state that happens to contain no oxygen). Similarly, if we are con-
vinced, like hierarchists, that we can manage natural systems then
we will be surprised when they turn out w be unmanageable.
Conversely, if we believe, like egalitarians, that nature is precarious
— that the word “ecosystem” should always be preceded by the
word “fragile,” and that we must all tread lightly on the earth —
then we will be surprised when those who have disregarded those
injunctions, and who have persisted in stamping wildly abour (the
individualists and, in a rather more disciplined way, the hierar-
chists), do not get the come-uppances predicted for them. Finally,
if we are convinced, like fatalists, that nature operates without
rhyme or reason then we will be surprised if the cosmic fruit ma-
chine keeps on coughing up in our direction. In other words, no
event is absolutely surprising. Surprise is relative: relative to the
largely unquestioned assumptions as to how the world is — the
myth of nature — of the person who suffers the surprise.

These myths of nature can be condensed (see Figure 5.1) into
lirele pictures of a ball in a landscape, each of which captures, in ¢l-
egant and simple form, some essence of experience and wisdom.
Newtonian policy makers tend to get uneasy at this stage of the ar-
gument. The world, they insist, must be just one of these four
ways, and science will tell us which one it is. Our reply is twofold.

Part I: Much recent work in fields such as ecology, evolutionary
theory and artificial life suggests that the world, at times and in
places, can be any of these four ways.!! Indeed, so the strong argu-
ment goes, it bas to be. After all, if the world was not sometimes
benign (ball in a basin) the omniverous, fast-breeding and oppor-
tunistic species would never be able to prosper. Conversely, if the
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world was never perverse/tolerant (ball in a depression on top of a
mesa) then the climax community, with its specialized, slow-
breeding and cautious constituents would never come into exis-
tence. If the region of stability — the depression on the mesa —
did not implode from rime to time there would be no compost —
no generalized resource on which all the different strategists could
draw in the process of renewal that the climax community’s col-
lapse makes possible.'?

Part II: Science can and often does reduce uncertainty about
the world, and there are those {the Newtonians) who believe that
one day it may succeed in getting rid of it all. Nevertheless, in any
policy debate relevant to coastal seas, that day, if ever it dawns
(and the non-Newtonians belicve that it won'), is a long way off.
The shape of the dose/response curve at low levels of radiation is a
nice example. If it is /inear, as those who advise government on
safety standards insist it is, then the risks of nuclear technology are
“neutral,” in the sense that they are neither all reducing themselves
nor all increasing themselves. But they are manageable: all thar is
needed are certified experts to establish just where the dividing
line between increasing and decreasing risks lies, and legally en-
forced regulations to ensure thac the technology remains on the
right side of that line. This is the myth of nature perverse/zolerant,
and it can be discerned as a major {indeed, often the dominant)
inpur to any debate over environmental policy. Whenever we hear
such phrases as “assimilatory capacities,” “safe limits,” “permissible
loads,” “carrying capacities,” or “tolerable risks” we are in the pres-
ence of this — the hierarchist’s — myth.

But if the dose/response curve is not linear but guadratic (as
many pro-nuclear types are convinced it is) then there will be a
threshold below which no harm will befall anyone. Provided the
technology is engineered below this threshold (the logics of legal
liability and insurance premiums will ensure that it is) then staru-
tory regulation is unnecessary. This, of course, is the myth of na-
ture benign. Since there is no region of instability as in the per-
verse/tolerant case, individual firms that get it wrong will harm
only themselves (again through liability and insurance premiums).
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There is no risk of triggering catastrophe for the totality, and
therefore no justification for placing restrictions on individual ex-
perimentation. On the contrary, uial-and-etror is something to be
actively encouraged: that is how we interrogate nature and discov-
er new ways of rransforming raw materials into valuable resources.
Stop this process, these myth-holders mainrain, and you really will
provoke disaster.

However, if the dose/response curve is neither linear, nor qua-
dratic but parabolic (that is, it bends away from the linear in the
opposite direction to the quadratic curve) then the risks are nei-
ther neutral nor decreasing. They arc irrevocably increasing. This
means that the more of the technology we have the more we will
be harmed by it. The myth of nature ephemeral is the set of con-
victions that is held by those who are the nuclear industry’s most
persistent and intransigenr critics. Trial-and-error, if this is how the
world is, must not be permitted, because the first mistake likely
will be the last. Even statutory regulation is unacceptable, because
it assumes there are limits within which catastrophe is not possi-
ble. The egalitarian’s myth, however, allows no safe limits. Trial-
without-error, or the precautionary principle, is the only way.!*

This dose/response curve story can be seen as a parable for all
environmental decision making. With so much hanging in the
balance — the future of an entire technology, not to mention “life
as we know it” — it would be nice to know what the shape the
dose/response curve really is. In other words, if science is going to
sort this one our, it must tell us which of these contradictory certi-
tudes is the right one. Unfortunately, in order to make this deter-
mination, in the present state of science, you would have to at-
tempt to give tumors to more mice than there are atoms in the
universe. Even so, the builders of the different certitudes would
still be able to take up different positions on the vexed question of
how to extrapolate the findings from rodents to humans.

Pending the arrival of this Sciendific Millennium when all un-
certainty will finally vanish (a millennium, moreover, that the
non-Newtonians argue has been cancelled), what can be done?
The answer lies in the rejection of single answers. If cach myth of
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nature captures some essence of experience and wisdom, then the
Newtonian insistence that we latch onto just one and discard the
other three has to be wrong because it deliberately discards three-
quarters of what litcle with which we have to work. This is clearly
a stupid way of making decisions under contradictory certitudes.

So the answer, whatever it is, must have to do with keeping all
the certitudes “in the game” while, at the same time, reducing all
those uncertainties that (a) can be reduced (given the present state
of the scienust’s art) and (b) would make 2 difference if they were
reduced. Once policy making has been re-defined in this way, the
answer is all around us: in all those institutional arrangements
that, for one reason or another, have addressed themselves to che
task of living with, and making the most of, thar which they can-
not get rid. The jurist, Michael Schapiro has dubbed these
arrangements “clumsy institutions,” and clumsy they are when
compared with the elegant and beaurifully optimized structures
that are produced by those who insist on just a single truth: just
one out of the four repositories of available wisdom and experi-
ence.'¥ But dumsiness is to be welcomed if, like the flight of the
bumblebee, it works. Elegance is of dubious worth if it can only be
secured by the denial of ignorance.

OuT WITH THE ELEGANT, IN WITH THE CLUMSY

The implications of this argument are more easily grasped if we
distinguish between two very different meanings of the word “man-
age.” One, the meaning we have been using up 10 now, is synony-
mous with control. This idea refers to systems such as a factory
production line, but not an enclosed coastal sea or an economy;,
that can be fully understood and raken command of in their en-
tirety. While this meaning conjures up images of gung-ho, can-do
characters in smart suits and tearing hurries, the second meaning
is best represented by our colleague Steve Rayner’s Auntie Flo.
Auntie Flo's husband passed away, and she herself was getting on
in years. Living by herself, with little in the way of savings, she be-
came a cause of concern to her relatives. “Don’t worry about me,”
she told chem brighdy, “T'll manage!”
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Auntie Flo did not take complete control of anything. Rather,
she coped successfully and effectively with a system that she well
knew was, to a large and not entirely knowable extent, beyond her
control. We have no quarrel with this meaning of the word “man-
age.” What is more, we suspect that those chief executive officers
who are successful in keeping their vasc mulrinationals afloat on
the boundless and turbulent ocean of life, also tend to see them-
selves as Auntie Flos. Somewhere between their dizzy heights and
Auntie Flos humble achievements, the first meaning of the word
“manage,” that involving control, insinuates itself. It insinuates it-
self in government, in “middle management” and, most of all, in
policy advice and in the harnessing of science to public policy. We
argue thar it should not. In a complex world, when it comes to
managing things like economies and ecosystems, only Auntie Flo's
meaning is valid.'> In practical terms this means we must depose
of the invalid meaning and replace it with the valid one. Neither of
these tasks is going to be easy. However, as the history of physics
demonstrates, they are not impossible.

THE RISE OF NEWTONIAN DECISION MAKING

For centuries the great challenge for physicists was astronomical:
to predict the movements of the celestial bodies. Success, when it
came, was so great thac it transcended the bounds of astronomy:
Newton’s laws of motion made everything predictable. Or did they?
They certainly made a lor of things predictable ~— nowadays even
cheap wristwatches can predict solar eclipses ~— bur a lot is not
everything. This little quibble over the difference between 4 lot
and #he lot, however, was brushed aside by those who embraced
what might be called “Newtonian thinking.”

Newtonian thinking is based on deterministic laws. Problems
are dealt with by measuring the values of the relevant variables, in-
serting them into the appropriate analytical equations and then
solving those equations to find the solutions. Newtonian descrip-
tion, therefore, is mechanistic, deterministic and equilibrium-as-
suming. It has been specracularly successful, not just for objects
like planets and billiard balls, but in the much less discrete realm
of thermodynamics as well. Indeed, the Newtonian paradigm —
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Newtonian thinking institutionalized into widely shared habits of
thought — soon came to dominate the fields of motion and heat
which, together, formed the basis for the Industrial Revolution.
This paradigm remained in force, and not just in physics, through
the end of the nineteenth century. Other, inidally less confident,
fields of intellectual inquiry — most notably economics — mod-
elled themselves on the physical sciences with the resultant “phys-
ics envy.” The irony, however, is that these disciplines modelled
themnselves on what they thought physics was just as physics itself
was painfully discovering that that was not how it was.

At the beginning of the twentieth century, the physical sciences
underwent a profound revolution: a revolution spearheaded by the
ideas of relativity and quantum physics. Now, at the end of the
century, these once-revolutionary ideas have been augmented with
notions like complexity and chaos, and supercomputers and the
software of arrificial life have been added to the array of laboratory
instruments and techniques. Physicists, in consequence, have al-
most gotten used to a life of permanent revolution, and they have
tra\'elled & long Way.

Ac the end of the nineteenth century, physics (and engineering,
which physicists like to see as applied physics) presided over a
world of predictability, mechanistic behavior, and manageability
(in the controlling sense of the word). Machines could be de-
signed, steamships, bridges, and railways could be built, and the
world could be “civilized.” Today, physics looks at a world of un-
predictability: a world in which much behavior is far from equilib-
rium and in which there is very lirtle that is manageable in the way
the Victorians took control of things. Where once we thought we
had conquered the world, we now realize that we cannot even
forecast next week’s weather. We have moved into the complex
world, and physicists are entering a new period of humility about
what can be predicted, managed, and controlled. What is more,
they realize that it will always be this way: we have come up
against the fundamental limits of uncertainty, ignorance, and un-
controllability. So where does this leave the physics-envying econo-
mists? The short answer is: “A long way bchind, and in a de-
plorable state.” The longer answer, however, will be more con-
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structive: to close this yawning gap and banish from the complex
world the invalid meaning of the word “manage.”

The economist’s array of tools, each of which fits neatly into
the tool-bag known as “neoclassical economics,” has been devel-
oped entirely within the Newtonian paradigm. These tools are
routinely relied upon in the design and evaluation of government
policy in every industrialized nation of the world. Industrial-
ized...Newtonian...neoclassical: the combination is no accident.
Economic policy, for instance, is still a martter of determining the
right model, inserting the relevant variables, and finding the an-
swer. Of course, there are too many variables to manually deter-
mine the solution in the way the Victorians did; now powerful
computers o do that. The principle, therefore, has remained the
same. General equilibrium models can be used to reproduce the
“momentum” of economic trends, and hence predict outcomes in,
say, twelve months’ time. Naturally, this sort of advance informa-
tion is essential for effective policy making. Decisions on interest
rates, money supply, taxation, employment and so on — decisions
that are vital for our economic development — can only be taken
with a clear understanding of the consequences. That, at any rate,
is the conviction of all those who share the Newrtonian habir of
thought. There would be nothing wrong with this if they were
dealing with a simple system, and steering the economy was no
more of an undertaking than putting a man on the moon.

Most policy making is a variant on this basic and profoundly
flawed theme. Thus, transportation ministries carry out elaborate
cost-benefit analyses of proposed new roads, and ministries of the
environment hire economists to ask people how much they would
be willing to pay to preserve some landscape they have never seen
or to prevent the extinction of some animal they have never heard
of {contingent valuation, as it is called). Whatever the policy area,
the shared conviction is that the consequences of actions have to
be modelled, costs and benefits have to be assigned to the out-
comes, and good decision making becomes a matter of choosing
the path thar maximizes benefits and minimizes costs.!¢ Econo-
mists, and those whom they advise, are still in a world of pre-
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dictability and equilibrium. They believe in a world that is man-
ageable in a way that those on whom the economists have mod-
elled themselves — the physicists — know is no longer valid.

According to this argument, those who are trying to manage in
this invalid manner should be running into all sorts of surprises.
They certainly are. Economic predictions are often spectacularly
wrong, nor are they getting any bettet. Indeed, economic forecast-
ers consistently do worse than weather forecasters, which is why
they have to wear sober business suits and carry confidence-inspir-
ing briefcases, while weather forecasters can (and do) wear any-
thing they want.

THE FALL OF NEWTONIAN DECISION MAKING

Despite their increasingly farcical predicament, there is little evi-
dence that physics-envying economists are prepared to admir the
error of their ways. However, this does not mean that things are
not changing. As with the paradigm shift in physics at the start of
the twentieth century, or the more recent collapse of the Soviet
Union, the replacement is accepted only when the evidence of the
failure of thar which is in place becomes overwhelming. If it was
hard for physics, where resistance came only from physicists,
imagine how much harder it is going to be in economics, where
the defenders of the established ways march shoulder-to-shoulder,
down the corridors of power, with politicians and the policy mak-
ers. Of course, one does not lock for the first signs of paradigm
change in the heart of the established paradigm. Rather, one looks
in places such as business and industry where pragmatism, not
dogmatism, prevails. One looks for the Auntie Flos.

These pragmatists, it turns out, have themselves been looking
across at those who form the core of the established paradigm, and
they do not like what they see. For example Pierre Wack, former
head of strategic planning at Shell, stated, “in the summer of 1981
the median one-year-ahead forecast of five prominent forecasters
had predicted 2.1 percent growth in the U.S. economy for 1982.
Instead, the economy plunged into deep recession, with a GNP de-
cline of 1.8 percent. This is like forecasting pardy cloudy and get-
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ting a ten-inch snowstorm instead.”!” Both Peter Drucker, the
doyen of management science, and Simon Jenkins, former editor
of The Times, point out that economic ministries are actually pow-
erless in a complex global economy, and that the role of future
Chancellors of the Exchequer will be little more than that of to-
day’s wearhermen.'®

Pragmatists are interested in what works and whar does not
work. They quickly pick up on the distinction between simple and
complex systems. If Newtonian decision making only works well
tor simple systems, then we must become sensitive to signs that
tell us when we have strayed into the complex. In fact, the signs
are not so lirtle: the predictive success of Newtonian models plum-
mets, and solutions based on just one definition of the problem at
hand are bitterly resisted by those who cling to different certi-
tudes. However, the dogmarists refuse to read the signs.

The European Commission, in discussing environment and
development policy, correctly observed that different “policy ac-
tors” place very different values, and very different kinds of values,
on animal species.!” They note thar “the pharmaceutical industry
would probably put a higher value on an indicator of diverse ge-
netic resources than would the public — who might not even
want to value them (sic} at all [in monetary terms, that is], on eth-
ical grounds.”? In other words, these actors do not, and could
not, agree. But the Commission insists on a single (monerary) val-
ue, because “we have to reach an agreed figure if our information
is to guide policy.”?! Put plainly, they are saying that the economic
model on which they rely assumes that the world is not the way
they know it actually is.

WHAT CAN BE DONE?

The first lesson is to recognize that what is good for the simple is
not automatically good for the complex; and seas, like all large
ecosystems, certainly lie in the realm of the complex. If neoclassical
economics requires highly educated (and highly paid) bureaucrats
to spout nonsense, then neoclassical economics (regardless of the
light ir may shed on how markets function) is useless for manage-
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ment. Since neoclassical economics assumes agreement where
there is disagreement, singularity where there is plurality, simplici-
ty where there is complexirty, certainty where there is uncertainry,
and predictability where there is unpredictability, it is, quite sim-
ply, a non-starter in the complex world. If it is no use — and it is
no use — don’t use it.

If neoclassical economics is not to be used, then what is? There
are already a number of well developed ideas abour how to work,
Auntie Flo-like, with complex systems. The disagreements over
values that the European Commission cannot handle, for instance,
are nicely captured by the typology of myths of nature that we
have set out. Much of modern management science is about how
to respect, and make the most of, this sort of ineradicable pluraliry.
Scenario planning, for instance, is based fairly and squarely on dis-
agreements about what the future holds. Different “visions of the
future” are laid out, in colorful and often alarming terms, and dif-
ferent business strategies are tried out against them to see how they
would fare. Strategies that are marvelously successful in one furure,
but disastrous in the others, can then be assessed against those
strategies that turn out to be resilient across all the futures. It turns
out that good scenarios by and large capture the plurality thart is
predicted by the fourfold typology that undetlies the theory of
surprise. Thus, successful management techniques can now be
strengthened and developed further by bringing practice and theo-
ry together.

Theorists of complex systems, armed with increasingly power-
ful computers, have also found new tools for modelling evolution-
ary (that is, profoundly under-determined) behavior. Plurality is a
pre-requisite for these new tools — artificial life, as they are collec-
tively called. Programs that represent different behavioral strategies
are developed and then put into a computer and left to evolve.
Modelers of arrtificial life are non-Newtonian. They do not need to
be able to find equations that describe the system, nor do they
have to try to solve for equilibrium conditiens. All they do is de-
scribe some strategies, let them evolve and then, after a few thou-
sand “gencrations,” look to see which ones are doing well and how
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the interacting “individuals” (automara with strategies) combine
to form the whole.

These tools have now been used to model ecosystems, financial
markets and many other complex systems, and they have sub-
sumed all the “single certitude,” predicrion-based models into an
exploratory approach that grants some credence to all myths of na-
ture. Of course, the prediction-based modelers do not know this
yet, but they are about to be swept away in what non-Newtonian
economists call a Schumpeterian gale of destruction.?? We can not
model seas with certitude; we can not control them. Instead, we
must put these ideas, the theory of surprise, scenario planning, ar-
tificial life and clumsy institutions together, add some intellectual
spice and get Auntie Flo to stir the whole lot vigorously — and a
much more productive way of managing ourselves in the midst of
the unmanageable may emerge.
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When Ecology Doesn't
Play Straight

FriepA B. TAUB

Coastal seas are complex ecological systems upon which society
often imposes an array of political jurisdictions. The science of
ecology has not reached the stage of being reliably predictive, and
ecologists acutely realize that it is imperative to select a proper
scale of investigation for a given subject. Ecosystems are too com-
plex and hierarchical for causes and effects to be linear for all but
the most circumscribed sub-systems. As one variable changes, for
example as tree density on a steep slope a hundred miles upstream
is reduced by clearcurtting, another may be affected, such as shrimp
numbers in the receiving estuary. There is a relationship berween
the trees and the shrimp, but it may not be clear or linear: the
trees and their roots bound the soil to the slope, but now that soil
makes its way to the river emptying into the estuary, blanketing it
in silt which covers the grasses where the shrimp lived, ultimately
reducing the income of the shrimpers. Policy makers look for
straightforward solutions to problems; they wish to pinpoint the
cause and correcr it with the least possible disruption of the status
quo. When ecologists assist them in identifying such causes and
solutions, they use the vocabulary of uncertainty, a concept which

prickles generally risk averse policy makers.
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In this chapter I review a case study of a successful — because
the system is relatively simple — example of science demonstrat-
ing a predictable cause and effect relationship in a polluted lake
system, and suggesting a solution. Lake ecosystems may seem less
complex than those of enclosed seas, and some problems may be
more intractable than eutrophicarion, but the necessary skills and
principles at work at the science-policy interface are the same.

For many coastal environments, the increasing nutrient and
toxicant inputs to receiving waters are current problems. Eutrophi-
cation is thought to contribute to the increasing frequency of red
tide events, many of which are toxic. and to oxygen depletion of
benthic communities. Although the catchment basin may be a
clear ecosystem unit, it rarely corresponds to one specific govern-
mental unit. Thus, the management of many enclosed coastal seas
is complicated by the fact that they encompass numerous political
entities.

To the naive individual, it would be scem logical to measure the
inputs of each political unit, determine their proportion of the to-
tal inputs, and assign them their share of responsibility. If costly
measures have to be invoked to reduce nutrient inputs, it would
seem fair to assign costs according to the proportion of nutrients
to be diverted by each governmental unit. If costs per unit of di-
verted nutrient were a constant, then it would be tempting to be-
lieve that costs, nutrient diversion, and ecological responses would
be proportional to one another, It would be convenient if the ecol-
ogy of enclosed seas responded so simply to nutrienr inputs: more
nutrients, proportionally more phytoplankton; less nutrients, pro-
portionally less phytoplankton. Unfortunately, there are valid sci-
entific reasons why the responses of lakes and enclosed coastal seas
are often not so straightforward. In highly eutrophic areas with a
long history of nutrient inputs, the first 50-90 percent of nutrient
diversion may yield meager results, and no government is inclined
to undertake expensive treatment and stringent regulation wich
only a meager response to show its constituency. Additional nutri-
ent diversions may yield more impressive responses, albeit at ever
higher costs, but each government wants its expenditures to be the
most cost effective possible.
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In many cases, observed ecological responses do not appear to
be propostional to stress in any obvious manner. In many realistic
cases, especially those involving enclosed coastal seas, continuing
and increasing stresses appear to be absorbed by the system’s assim-
ilatory capacity without obvious effects that impel costly modifica-
tions. This may be an artifact of complex water movements and
seasonal variability of biota. Measurements in estuaries are so vari-
able that virtually any measurement is within “normal range.” Of-
ten, existing sources of nutrients and toxicants increase their in-
puts, and new input sources arise. Fach unit believes it has the
right to contribute as much new pollution as every other unit, as a
condition of fairness. This is often exacerbated by the existence of
several entities which feel entitled, as a matter of historical prac-
tice, to use the resource for disposal, while new entities feel that
their development depends on being allowed the same privileges as
the historical pollutets.

Early warnings of harm are often ignored because troublesome
events are episodic, unpredictable and possibly caused by factors
such as the weather. Subsequendy, demonstrations of large scale
harm are dismissed as being only vaguely related to controllable
stresses Of t00 expensive to correct given the uncertainties of im-
provements in the face of large scale expenditures. In the absence
of strong proof of cause and effect, skeptics can undermine pre-
ventive or corrective actions, since these involve costs and restric-
tions. When troublesome events such as red tides, fish kills and
anaerobic incidents are judged intolerable, the magnirude and cost
of corrective action appears unreasonable. The frustrated ecologist
is asked, “Why didn't you warn us and prevenr the problems from
occurring?”

Observed ecological responses often appear to be dispropor-
tionate to stress intensity because the stress is a necessary bur not
sufficient condition to cause observable damage. For example, for
added nutrients to cause a demonstrated algal bloom, loss factors
such as grazing, scttling and horizontal dispersion must not mask
the increase in algal cell production. Because observations are the
net result of several processes, knowledge of isolated processes can
fail to explain the observations. If any of these other factors change,
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in addirion to changes in nutrients, then we don't expect nutrient
information alone to predict ecosystem responses. Given the many
processes involved, it is not surprising that ecosystem responses are
often not proportional to the intensity of a stress. These ecological
uncertainties create problems in the political sector. The inability
1o relate damages as proportional to a single facror makes it diffi-
cult for political entities to allocate responsibility and costs among
themselves. This results in time and effort lost as each entity tries
to interpret the data to minimize its own costs. It is tempting
to consider the adverse effect as being caused by the addition of
the “last straw” rather than to admit that all loads must be re-

duced.

A Succress STORY: LAKE WASHINGTON

In those cases where ecological responses are proportional o stress
it is likely that scientists will be able to (1) convincingly demon-
strate cause and effect relationships, (2) substantiate predictions of
responses to increased stress, (3) substantiate predictions of im-
provements via remediation efforts, and (4) convince people that
the present cost (sacrifice of current benefits) will resule in future
benefits. For an example of a relatively straightforward case of this
scenario, the diversion of sewage from Lake Washington, in Wash-
ington State, is often quoted as a success story.’

The problem in Lake Washington was the excess biomass of al-
gae caused by sewage inputs to the lake. As the public became
aware of the worsening “muddy” condition of the lake, various
theories were offered. “Lake Washington Brown — That’s Algae,
Not Mud and It'll Be There For the Next 10 Years” was the head-
line in the Seattle Post-Inteiligencer on 3 July 1962. Limnologist
‘Thomas Edmondson had earlier predicted that the lake would con-
tinue to deteriorate unless the sewage, specifically the phosphorus
(P) loading, was reduced. The worsening condition of the lake
confirmed his predictions.

It was generally, although not universally, accepted that P was
the limiting nutrient in most lakes, and specifically the nutrient
most limiring algal biomass in Lake Washingron. The plot did not
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lack for characters who argued thar the available information did
not warrant action, that the costs of sewage diversion were exces-
sive, that P recycling from the lake sediment would negate any
corrective action, and that the diversion of sewage from Lake
Washington to Puget Sound was a totally unjustified plot to waste
taxpayets money. Because multiple political entities had to be in-
volved in corrective action, a new political structure needed to be
developed, known as “METRO” (Municipality of Metropolitan
Seattle). Edmondson summarized the various rationales puc forth
to discredit the scientific information and throw suspicion on the
political motives of those involved. He also documented the nutri-
ent diversion and improvement in lake condition.

The relationship between P loading and lake condition is shown
in Figure 6.1. A more straightforward, simplistic relationship
would be hard to find; lake condition becomes worse as P loading
increases, until another factor becomes limiting, at which point,
the lake is insensitive to additional P loading. The caption makes
clear that a decrease within the non-limiting range (from 100% to
50% of the loading in this example) will not affect the condition
of the lake, but a decrease of P within the range where P is limiting
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Figure 6.1. The relationship between phosphorus loading and lake condi-
tion.
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(from 50% to 25%) will make a great improvement.

Edmondson claimed that the increased algal biomass (expressed
as Secchi disc transparency) was the result of P input in sewage,
and he predicted that sewage diversion would result in greater lake
clarity, approaching the level of the 1950s. With the staged diver-
sion of sewage, the dissolved P concentration decreased and the
lake transparency increased, as predicred by Edmondson, and shown
in Figure 6.2. Not only did the lake meet the performance criteria by
returning to earlier transparency levels by the mid 1970s, but sub-
sequently the clarity increased to an even greater degree than ini-
tially predicted after Daphnia reappeared in the lake. Had the lake
failed to respond in the direction, and on the schedule predicted,
Dr. Edmondson and other limnologists would have been discred-
ited. To have the lake become clearer than predicted was regarded
as a bonus.
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Figure 6.2. Responses of Lake Washington transparency to changes in sew-
age effluent loading and dissolved phosphorus loading.
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The Lake Washington story, in which scientists convincingly
demonstrated a cause and effect relationship, substantiated a pre-
diction of response to increased stress, verified predicted improve-
ments via remediation efforts, and convinced people thart the
funds were a good investment, has been widely used as a justifica-
tion for sewage diversion or treatment.

PoiriTicaL RESPONSES TO ECOLOGICAL
UNCERTAINTIES

When causal relationships and effects are not clearly understand-
able, the way is open for parties to interpret the complexities to
serve their own interests. There are several methods of steering the
information to alternative conclusions. It is analogous to playing
the children’s game of connect the dots with various special inter-
est groups drawing different pictures from the same dots, or facts.

One method of discrediting the scientific opposition is to dis-
credit scientists as a special interest group motivated by its own
greed for research funds and public adoration. Non-professional
supporters are depicted as followers who seek to give purpose to
their lives, and to bask in the glory of the scientists they admire; it
is claimed that even if the theory is found to be invalid, the organi-
zation has too much to lose by such an admission, and will contin-
ue to carry the cause even if it is known to be false.? Scientists are
depicted as people who use predictions of catastrophe to siphon
funds from more important societal needs in order to feed their
own projects, and who make predictions not supported by critical
analyses. Another method of discrediting the opposing side is to
call for quantification and reduction of uncertainty. This appears
to support the application of scientific methodology, but may be
motivated by the wish to delay and confuse. Funtowicz and Ravetz
distinguish between the quality and uncertainty associated with
information, and show that requests for greater certainty may
merely serve to delay a decision:

Procrastination is as real a policy option as any other, and indeed
one that is traditionally favoured by bureaucracies; and ‘inade-
quate information’ is the best excuse for delay. More generally,
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those who operate in a political context may attempe to influ-
ence the ways in which their statements and actions are perceived
and evaluacted. This involves affecting public attitudes, control-
ling the flows of information and misinformation, and setting
the agenda and terms for debate on major issues. Now that un-
certainty has been politicized, as an accepted element of public
concern, it too will be manipulated. Parties in a policy debate
will invoke uncerrainty in their arguments selectively, for their

own advantage.”?

People will accept, uncritically, any scrap of information that
supports their side, bur will require infinitely greater measures of
certainty for information thar appears to refute their preference.
This 15 related to cognitive dissonance, the response to the discom-
fort of holding contradictory beliefs “... wherein once a belief is
formed thru {sic] cognitive dissonance, the person will not discard
it even though he may receive contradictory information, and not
only will he reject this information, he will seek sources of infor-
mation that confirm his belief.”# Thus, those who must bear the
costs of pollution abatement will demand high levels of certainty
that their inputs caused the problem and thar their costs will result
in obvious improvements which will justify the expense.

Measures of uncertainty and much of the vocabulary of risk use
mathematical symbols and conceprts that make it difficult to com-
municate these ideas to the public. Policy makers, who must
bridge the gap between scientific inputs and recommendations for
public expenditures, have no easy task. Many intelligent people
will reject an abstract argument that they cannot understand, espe-
ctally if the conclusions appear counter-intuitive. Scientists lose
credibility when the arguments appear to be convoluted to the
point of fogging an issue. Yet many ecologically important rela-
tionships are complex, and results can be presented to appear
counter-intuitive.

Management problems with enclosed seas are very complex,
and therefore very toublesome. Complex mixing patterns, result-
ing from tidal and river flows as waters of different saliniry and
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temperature mix, make measuring changes difficult because each
time one samples, one is examining a different water mass. The
shore is complex, and one therefore can't depend on “mid-chan-
nel” simplifications. There is a multitude of point and nonpoint
inputs. Given that different political entities are likely to be in-
volved, the information may be incomplete, in different units, or
otherwise difficult to compare or use. Since information exchange
may involve potential liabilities, there may be some question of
bias; for example entities may underestimate their pollutant releas-
es and overestimate their cleanup effectiveness.

It is rare that only one factor is the controlling one. Controlling
factors are likely to change seasonally and vary from location to lo-
cation, and from year to year. For example, the anoxic conditions
in the Chesapeake Bay are thoughrt by some to be caused by excess
nitrogen (N) and associated algal biomass decaying in the hy-
polimnion, the lower stagnant water layer. Others think they are
caused by low rainfall and low river flow. It may be thar each of
these conditions, or combinations of them, may be the cause in
some places at some times.

THE SUBSYSTEM WITHIN A COMPLEX, HIERARCHICAL
SYSTEM

As scientists come to understand and describe individual processes,
each process is likely to become a component or subsystem in a
more complex model. As argued here, a relationship may be valid
bur may lose its predictive power within a more complex, hierar-
chical system. Let us return to the concept thar nutrients such as P
or N control algal biomass. Since each algal cell requires a certain
minimum amount of each required element to survive, and an ad-
ditional amount to reproduce, more nutrient supply generally
translates into more algal production. The rate of algal growth is
often described by the Michaelis-Menton curve, shown in Figure
6.3. Although this relationship is not linear, it is a straightforward
one. As nutrient concentration is increased, growth rate increases
until the cells are growing art their maximal rate (p__J; a nutrient
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concentration that supports 1/2 the maximum growth rate is re-
ferred to as K. The entire curve is defined by specifying p_ and
K. It seems irrefutable that increased nutrient input rates should
lead to faster growth rates and increased abundance of algae, espe-
cially in simplified cases where grazers are not present and the al-
gae cant sink out of the zone where photosynthesis is possible.
Now let us consider algal biomass-nutrient relations in the slight-
ly more complex case of a chemostar, in which a limiting concen-
tration of an algal nutrient enters a growth chamber, the input is
mixed within the growth chamber, and the overflow (yield) 1s
washed-out of the growth chamber. This is analogous to a river or
enclosed sea if the volume of water entering the system has con-
stant nutrient concentration, but the flow rate is subject to change.
If the chemostat is run at a very low dilution rare (relative to the
maximum growth rate of the cells, as in position A in Figure 6.4),
virtually all of the nutrient will have been taken up by the phyto-
plankron, and cell biomass will be maximal. If che dilution rate is
increased (position B), the cell biomass will decrease so slightly
that the change will probably not be obvious. It will appear as if
the increased nutrient input (more per unit time) has not resulred
in increased biomass; the increased rate of nutrient input appears
to have been absorbed by the assimilatory capacity of the culeure.
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Figure 6.3. Michaelis-Menton relationship between nutrient concentra-
tion and algal growth.
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However, if one is monitoring output, it will be obvious that the
increased rate of input has been matched by an increased rate of
output (yield biomass/ml x ml/day). Chemostats tend o exhibit
very high degrees of stability because of the Michaelis-Menton re-
lationship. If uptake or growth is reduced temporarily (by temper-
ature of light intensity being reduced temporarily) nutrient con-
centration will increase, and growth rate will increase, thus bring-
ing the culture back to the predicted biomass.

If the dilution rate is increased from position A to position B in
Figure 6.4, the biomass of the culture will appear to be very stable,
and one might be tempted to state that biomass is a very robust
property, and that dilution rate can be increased withour danger.
However, as the dilution rate approaches the maximal growth rarte
of the cells (position C), the biomass will be very sensitive to dilu-
tion rate; slight reductions and the biomass will increase, slight in-
creases and the biomass will approach zero as the cells wash out. If
the dilution rate is increased to equal the maximal growth rate (po-
sition D), the cell biomass will approach zero, and the nutrient
coticentration will come to equal the input concentration. In the
case of ecosystems, there are currently no ways to assess the limits
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Figure 6.4. Biomass and outpur (yield, production) as a function of dilution
rate in a chemostar.
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w this compensatory range within which the system can adjust
one property to control another, and outside of which the system
collapses.

CascADING TRoOPHIC LEVELS: EFFECTS OF TROPHIC
COMPLEXITY

In real bodies of warer, algal biomass is not just a function of nu-
trient inputs and dilution rates. Losses from death, sinking, and
grazing are important in determining algal biomass. In many situ-
ations, the algal biomass is controlled by grazing, in a situation
analogous to the dilution phenomenon shown in continuous cul-
ture. In the presence of large populations of grazers, increased algal
nutrients may result in greater algal production, but it is removed
as fast as it grows. Therefore, with heavy grazing, algal abundance
may not appear to be related to nutrient availability. If planku-
vores {fish or invertebrates that feed on zooplanktonic grazers) are
abundant, they may so reduce the populations of grazers, that algal
biomass may again reflect nutrient supply. If top carnivores are
abundant, they can reduce the population of planktivores, thus in-
creasing the abundance of grazers, and again prevent the accumu-
lation of algal biomass in response to nutrients. Thus each added
trophic level reverses the outcome. This phenomenon has been
called “cascading trophic relationships” and it provides an example
of the importance, in some situations, of “top down” or predator
control of ecosystem function.?

Thus, it is not safe to predict that increased nutrients will al-
ways result in increased algal biomass, or that the reduction of nu-
trient inputs will always result in reduced algal biomass if, in addi-
tion to changes in nutrient input, there are changes in trophic level
structure. Does another factor (such as grazing) disprove the nutri-
ent-algal relationships desctibed above? No, the nutrient-algal rela-
tionships remain valid, but that relationship, by itself, is inade-
quate to predict total system behavior.

In this regard, Swartzman and Rose undertook mathematical
simulations of cascading trophic relationships in a model micro-
cosm populated by cighr alpal groups and five species of zooplank-
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ton.® Although the model was based on freshwater organisms, the
relacionships would be the same in the estuarine or marine envi-
ronment. This model has been extensively tested, but we shall lim-
it our observations to a large-grazer controlled community and a
predator controlled communiry.”

Let us first consider a large-grazer controlled community, as in
Figures 6.5 and 6.6. If the initial “standard nutrient” concentra-
tion is increased tenfold, the phytoplankton is only slightly in-
creased (36.9 as compared to 32.5 pg dry weight per ml) during
the spring bloom and at other times is barely distinguishable from
the standard level. The reason for the relatively minor response to
the increased nutrient is that light becomes limiting, because ac
high phytoplankton standing crops, transparency is reduced and
light penetration in the water column decreases. As time progresses
{after day 15), the phytoplankton abundance is constrained by
grazers and appears unresponsive to the nutrient increase. Thus
given a tenfold increase In nutrients, the response of phytoplank-
ton is modest because light penetration and grazing constrain its
abundance. Because the phytoplankton response was modest, the
increase in abundance of large grazers was also modest (see Figure

6.5).
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Figure G.5. Effects of three nutrient conditions (0.1, 1 and 10 X) in a large
grazer controlled community on phytoplankion abundance (pg dry weight/
ml).
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If the nutrient is reduced from the standard initial concentra-
tion by 90 percent, the reduction in phytoplankton abundance is
notable, but ic is only 24 percent less, not 90 percent less. The
large-grazer abundance decreases in proportion to the decrease in
phytoplankton available to be eaten (see Figure 6.6). If one is con-
sidering increasing nutrients from the lowest level, it appears that
the phytoplankton increase is less than proportional to nutrient in-
puts, and as one gets to high concentrations, the system appears to
be relatively insensitive to additional increases. This can be consid-
ered the assimilatory capacity of the system to process added nutri-
ents. This information is very discouraging if one has an extremely
enriched water body, and wishes to reduce phytoplankton abun-
dance. If the current concentration were ten times the standard, a
90 percent decrease in nutrients would show litde effect. A 99 per-
cent decrease might be necessary to obtain the desired outcome.
This psychological asymmetry contributes to the tendency to tol-
erate eutrophication.

Now let us consider a community in which the large grazers
have been reduced to very low abundance (in this case by a 25 per-
cent daily chronic mortality) such as might occur in a predator
controlled community. The loss of large grazers could also have
been caused by toxicants, seasonal flushing of the estuary, or any
other cause. With the raricy of large grazers (see Figure 6.7) the
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Figure 6.6. Effects of three nutirent conditions (0.1, 1 and 10 X) in a large
grazer controlled communicy on large grazer abundance (Individual Daph-
nia per ml).
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phytoplankton abundances are much greater and persist all sum-
mer, at initial nutrient concentrations of both standard and ten
times standard (see Figure 6.7). Note thar at times the phytoplank-
ton abundances are greater in the standard concentration and oth-
er times greater in the ten times standard. However, they are so
similar to each other that they would rarely be distinguishable in
sampling natural areas. If the inidial nutrients are 10 percent of
standard concentration the phytoplankton is less abundant, but
petsists throughour the growing season. Again, when nutrient in-
puts are increasing, the system seems to absorb much of the in-
crease, but when they are decreasing, the system requires more
than proportional nurrient reduction to obtain reduced phyto-
plankton abundance.

One more example of loss of predictive capability when the re-
straints that previously controlled a subsystem are eliminated may
be useful. Budworms periodically defoliate trees; the outbreaks are
seen as intermittent events occurring approximately every thirty-
five years. By observation, the budworms increase modestly as fo-
liage increases as long as birds are constraining the budworm pop-
ulation. When the budworms become so abundant that the birds
are no longer a constraint, the budworms increase until they de-
plete their food base by defoliating the trees. The poor biologist
who has developed a predictive equation for budworms, based
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Figure 6.7. Effects of threc nutrient conditions (0.1, 1 and 10 X) in a
predator controlled community on phytoplankton abundance (pg dry

weight/ml).
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only on foliage, will not be able to predict the budworm response
when the bird constraint changes due to disease, limited nesting
sites, insecticides, or any other factor that was external to the bud-
worm-foliage subsystem process model.?

Our ability to predict how ecosystems will respond is hampered
by the scale and degree of complexity on which researchers tend to
operate. Most researchers study a particular process and are confi-
dent that the resultant information is necessary for intelligent
management. However, as shown here, relationships based on sub-
systems may lose their ability to predict how a toral system will be-
have if the subsystem is constrained by other processes. The poten-
tial always exists for constraints such as grazing to be imposed or
removed, for example by predation of the grazers. To improve pre-
diction larger scale monitoring and greater awareness of the inter-
actions among the subsystems is needed.

Even with the greatest confidence in ecological undersranding
and predictions, there are still problems to be encountered with
management. If the first 50-90 percent of nutrient reduction is
unlikely to provide dramatic improvements in water quality, each
government will want the other units to do the initial cleanup. It
will want to do the last, and most obviously effective cleanup. In
cases of moderate enrichment, where the initial nurrient reduc-
tions are likely to have the most obvious effects, each government
will want to rake the first step, but not make future efforts.

The consideration of trophic cascading also brings additional
insights. If predation has eliminated grazets, the system may not
be very responsive to insecticides that reduce grazer abundance. In
contrast, a grazer controlled system may be very sensitive to insec-
ticides, and may respond by reductions in grazer abundances and
dramatic increases in phytoplankron standing crops. Thus trophic
complexity becomes an important issue in understanding and pre-
dicting ecosystem responses and in communicating wich political
entities.

Given the complexity of real systems — and enclosed seas are
as complex as they come — individual subsystem processes are
likely to lose their predictive value when they are imbedded within
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a more complex system. This allows the potential for scientifically
predicted results (if you increase nutrient inputs, more algae will
occur) that may fail to occur. Predictions based only on subsys-
tems may be opposite to the response of the toral system. This is
especially troublesome in real cases where several inputs or losses
are occurring simultaneously, such as changes in fishing pressure
due to conservation or pollution, invading competing species and
increases in marine mammal populadons. It is critical that the to-
tal ecosystem and all of the subsystem interactions be considered
in predicting system behavior.
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Conservation Biology and
Nearshote Biodiversity

DANIEL SIMBERLOQFF

As marine policy practitioners look to science for guidance, they
often turn to the multi-disciplinary science of conservation biolo-
gy, which aims to identify the best strategies for preventing species
extinctions. Yet, exactly what comprises conservation biology, and
what its role in managing marine biodiversity may be, are subjects
in need of careful analysis and greater understanding. This, then,
is the objective of this chapter. Using marine examples, it reviews
the historical underpinning of the discipline, and the specific re-
search concerns of consetvation biologists. These interests include
understanding the dynamics of small populations, of pepulations
of populations (metapopulations) and of known extinctions, and
considerations for the design and management of reserves to pro-
tect remaining biodiversity. Next, the chapter reviews a major spe-
cific threat to endangered species — the introduction of exotic
species — from 2 marine conservation perspective. | conclude by
questioning the assumption that achieving some level of coastal
development compatible with the preservation of ecosystem health
can be extended by analogy to state that sustainable development
and muldiple use is always compatible with the continued persis-
tence of all native species. Conservation biology may provide guide-
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lines for specific species in particular locations, but it is not yet a
predictive science; ecosystems are idiosyncracic and predictions
abour them are necessarily general. Whart the field may provide are
new considerations for policy makers which may prove crucial to
the continued existence of marine biodiversity.

Conservation biology has rwo threads, one quite old and the
other very new.! By the carly part of this century, autecological
studies focussed on habitat requirements of species of interest and
many refuges in the United States were established based on inten-
sive habitat study. Such research continues, but it tends to be the
province of wildlife biologists and is not ar the heart of the “new”
conservation biology.? The latter arose in biology and ecology de-
partments in the mid-1970s and has grown enormously during
the last decade. The thrust of the new conservation biology was
originally the application of equilibrium island biogeographic the-
ory to the design of refuges and formal study of habitart suitability
played a minuscule role. Island biogeographic theory predicts thar
the number of species increases as islands are larger and closer to-
gether and that the number of species on an island is due to equi-
librium between the rates of colonization and extinction.” Later, as
it was recognized that island biogeography provided at best a
metaphor for refuges and not specific rules or guidance, the chief
focus of the new conservation biology came to be the application
of population genetics and population ecology to maintenance of
small populations.? This remains the main focus, although a sec-
ond area of interest has developed, loosely arranged around the
notions of landscape ecology (itself a new field) and ecosystem
management. Landscape ecology is concerned with the patterns
formed by the distribution of different habitat types at a regional
scale, and how these patterns affect ecosystem processes and
species distribution.” The two foci intersect in such problems as
the effects of habitat fragmentation.®

METAPOPULATIONS AND THREATS TO SMAILL
POPULATIONS

The new conservation biology has forced conservation planners
and managers to address several important factors that, even twen-



Conservation Biology and Nearshore Biodiversity ¢ 151

ty years ago, were either unconsidered or at best implicit in man-
agement decisions. Many of these considerations concern the rea-
sons small populations are at great risk and how one determines a
minimum viable population size.” The most obvious of the new
considerations are genetic and evolutionary factors. Until the 1980s,
animal breeders wortied about inbreeding depression, or the re-
duction in fitness caused by matings between closely related indi-
viduals, but almost no conservation planners did. However, it is
apparent that a small population in a completely isolated reserve
will become very inbred very quickly. Is this process likely to threat-
en the very existence of the population and, if so, can management
avoid this deterioration? There seems general agreement that, at
least in the short term, inbreeding depression is less likely to weigh
on very small populations than are ccological factors.® A variety of
breeding schemes can potentially ameliorate the threat.”

If inbreeding depression were a serious concern, one way to
prevent it might be the introduction of individuals from other
populations. However, a new concern arises, the occasional phe-
nomenon of outbreeding depression — a decline in fitness some-
times seen in crosses of genetically distincr stock.'? Although out-
breeding depression has not been observed as frequently as in-
breeding depression, entire populations have foundered from i, It
is more often observed in rare plants which may hybridize with a
related, common species, but examples do occur among animals.
For example, the locally adapted Iberian waterfrog (Rana perezi) is
threatened due to inadvertent translocations of several other species
and races of Rana into Spain.!! Further, even when outbreeding
depression cannot be documented, there is both practical and ethi-
cal concern over the prospect of destroying or diluting locally
adapted {or at least distinctive) genotypes when one introduces in-
dividuals from other populations.'?

Another area of genetic and evolutionary concern is longer
term. Whereas inbreeding depression consists of the phenorypic
manifestations of homozygous genes, that is, the existence of indi-
viduals with a double complement of a possibly deleterious gene,
genetic drift — the chance loss of the different varicties of a partic-
ular gene, or alleles, in finite populations — has another effect. As
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alleles are lost to drift, there is less genetic variation upon which
natural selection can operate. Unless the variation is replenished
by mutation or gene flow, evolution will slow down. Drif, like in-
breeding, increases in smaller populations. At present we do not
know how quickly this effect will occur, how small a population
has to be before loss of variation is a problem, and how important
a decrease in evolutionary rate would be relative to other threats to
population persistence.!?

The role of stochastic demography in maintenance of small
populations is another new concern injected into conservation de-
cisions.'¥ Given enough time, random variation in birth and death
rates will drive any population to extinction. For large populations
this process would take so long that we can view it as purely hypo-
thetical. But how small does a population have to be before the
hypothetical becomes possible or even probable? And how can
managers guard against species loss from demographic stochastici-
ty? Again, general answers are unavailable, although sufficient dara
for individual species can permit estimates of danger points.!?

Metapopulation dynamics are one of the chief foci of conserva-
tion biologists today; they seem largely to have replaced equilibri-
um island biogeography as a framework for conceiving of refuge
design and species persistence.'® Although the formal mathemarics
of population crashes from demegraphic stochasticity are largely a
product of the new conservation biology, the process was clearly in
the minds of earlier workers.!” They recognized the risk to any sin-
gle small population and thus concluded that, in nature, species
must be organized into metapopulations, that is, collections of lo-
cal populations. Populations would wink in and out, but they
would never disappear all ac once. The site vacated by any extinct
population would be recolonized eventually by immigrants from
other populations, As these latter populations disappear, they in
turn would be recolonized. Even though each component popula-
tion might be destined to rather swift extinction, the entire mera-
population would be nearly immortal.

The various forces acting on narural populations might act
concurrently and their effects need not be additive.'® In fact, nat-
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ural populations must constantly be buffeted by several forces, so
it might not be easy to determine what actually caused the extinc-
tion of a population or species even if there were extensive dara
available. Worse, there are rarely substantial data on the disappear-
ance of populations. However, if one seeks information on the ex-
tinction spasm that convulses the earth teday, one finds a very dif-
ferent picture. Numerous authors list causes of exrinction and vir-
tually all those listed are induced by human acrivity.!” For exam-
ple, of animal extinctions known since 160, Groombridge lists
173 caused at least partially by species introduced by humans, 103
caused by habitat alteration by humans and 15 deliberately de-
stroyed as pests. In fact, none of these extincticns are attributed o
causes other than human activities {a point also made by Soulé),
although for many species the causes are unknown.?® There is no
mention in these lists of inbreeding, genetic drift, demographic
stochasticity, or the failure of metapopulation dynamics.

Part of the problem is that proximate and ultimate causes of ex-
tinction must be distinguished.?’ Human acrivities may well re-
duce a species to a point that extinction from the various genetic
and demographic forces discussed above is inevitable; the final dis-
appeatance could be caused by demographic stochasticity, for ex-
ample, but this cutcome may have been determined by habitat
change that left few individuals, making the cutcome inevitable.
Extinction can occur even if we set aside a refuge network specifi-
cally to mainrain a species.

A particularly well-studied extinction, that of the heath hen
{Tympanuchus cupido cupido), shows that most or all of the forces
discussed above came into play after human activity greatly re-
duced the range and numbers of the specics.2? This bird was nu-
merous from Maine to Virginia in sandy scrub-oak habitat, but
populations were destroyed by hunting and habitat destruction
until the last individuals were restricted to Marthas Vineyard by
1870. This population declined to 200 by 1890, 100 by 1896 and
only 50 by 1908. A refuge of 650 hectares was established then
and by 1915 the population had increased to 2,000. However, a
fire during a gale devastated the breeding grounds in 1916, fol-
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lowed by an unusually harsh winter puncruated by an exceptional
flight of goshawks. The population fell below 150, mosty males.
Extensive inbreeding was accompanied by declining sexual vigor
and, in 1920, a poultry disease killed many individuals. By 1927
only 13 birds remained (11 males) and the last individual was last
seen in 1932. In sum, even though hunting and deliberate habitat
destruction were halted by the establishment of the refuge, the
population apparently had become so precarious that it was des-
tined to disappear owing to one or mare of the forces setting mini-
mum viable population size.

If small, refuge-bound populations are doomed, one may ask if
it is worth studying the causes of their extinctions closely. It be-
hooves conservationists to do so because, until humankind comes
to its senses and stops activities that ultimately produce extinc-
tions, the only hope is a holding pattern, emergency maintenance
of small, isolated populations in refuges which are often subopti-
mal ones. These nacural factors that can lead to extinction in small
populations have to be identified and combatted. Such emergency
care cannot go on forever; the only hope is that the overall situa-
tion changes before roo many “patients” have been lost. For this
emergency care to be effective, the symptoms and causes of the
threar have to be understood in detail. This will, of course, be a
difficule undertaking. So long as the average reproductive rate is
only slighdy less than the average mortality rate over many genera-
tions, a population will decline to extinction. Thus, while the last
individuals of a remnant population might be apparently healthy,
the population nonetheless may be doomed.?* Obviously, very in-
tensive study will be required to determine which among several
plausible potential problems are the real culprits.

Such intensive study is really in its infancy. It is a relatively
straightforward matter to predict analytically certain genetic con-
sequences of small population size. This tidiness may have led to
an overemphasis on evolutionary as opposed to environmental fac-
tors weighing on small populations. Lande has argued that in-
breeding depression, even though worth considering in any evalu-
ation, is not as likely as demographic and other ecological forces to
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terminate small populations.?® Templeton and Read have even as-
gued for deliberarely breeding near relatives to remove genes caus-
ing inbreeding depression in captive propagation programs.®’ As
for the failure of natural selection to occur due w genetic impover-
ishment, this seems to be a rather abstract and probably distant
threat in the face of more immediate and concrete dangers.?® In
the short term — and extinction is occurring in the shore term —
there is, as yet, no compelling example of a species extinguished
because it seemed unable to evolve as rapidly as other species do to
changing environmental conditions.

The failure of metapopulations may be of more immediate
concern, but numerous questions remain unanswered. Whatever
the dynamic interactions of populations of the same species, the
very existence of several small populations rather than a single
large one confers insurance against some catastrophes. Several bird
subspecies restricted to small islands have recently been eliminated
by hurticanes and similar reports of extinction or near-extinction
of species by hurricanes, volcanic eruptions and other catastrophes
abound in the older literature.’” When Hurricane Hugo hic Puerto
Rico in 1989, it struck a major blow against recovery efforts for
the Puerto Rican parrot (Amazona vittata), largely because the bird
had been restricted to a single wild population.

Whether metapopulation dynamics is a normal force mainrain-
ing populations in nature and the loss of constant recolonization is
a major threat or not, is less evident and demands a major research
effort to study who moves where and mates with whom. Despite
numerous statements that most species are distributed as metapop-
ulations and that metapopulation dynamics are thus key to their
survival, it is still an open question whether the model of contin-
ued extinction and re-immigration originally proposed by Levins
is commonly applicable.?® Harrison has reviewed the literature and
suggests it is not.”” She found many more instances in which
species appear to constitute one large, loosely knit population, or a
metapopulation in the sense of Boorman and Leviw: a large central
population that is virtually immortal and numerous ephemeral pe-
ripheral populations whose origin and extinction are irrelevant to
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the fate of the species.?® A recent incarnation of this model posits a
large, persistent “source” population, or a group of them and numer-
ous, possibly ephemeral, “sinks.”!

Another problem in evaluating the importance of metapopula-
tion dynamics is that the spatial arrangement of individuals of a
species undergoing a geographic retreat, for whatever reason, is
very likely to produce intermediate stages that approximate a meta-
population of mote or less distinct populations.?? If the retreat ulti-
mately leads to extinction, one can hypothesize that the extinction
was caused by the breakdown of metapopulation dynamics when
the metapopulation was, in fact, a result of some other process.*?

Nevertheless, numerous models point to the potential impor-
tance of metapopulation dynamics in maintaining species. The
general result is thar, given the right demographic and dispersal
parameters, species that could not exist as single populations, or
pairs of species that could not coexist in a single site, might do so
in a metapopulation.3¥ Further, a metapopulation might have a
threshold number of populations such that, if enough component
populations disappeared, the remainder might collapse even if, in-
dividually, they appeared healthy.35 It is inreresting and of poten-
tial importance in coastal marine systems, that field studies in
which populations are dispersed among small, isolated fragments
often are more highly preyed upon, a force not frequently adduced
in the minimum viable population and metapopulation literature
but one that could easily lead to local extinction.?®

INTRODUCED SPECIES

Elton’s classic work, The Ecology of Invasions by Animals and Plants,
de-emphasized the marine environment. He went so far as to say,
“In contrast to land and fresh waters the sea seems still almost in-
violate.”*” The last decade has shown an explosion of interest in
introduced species, partly driven by the recognition that they have
greatly affected “pristine” terrestrial environments, not only hu-
man-dominated ones and new research has cast doubt on Elton’s
statemnent.*® The apparent relative invulnerability of marine habi-
tats is likely a consequence of their being studied less and the fact
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that most of them are covered with water and thus invisible to the
casual observer.” Millions of people have seen kudzu while dri-
ving at 60 mph; even casual observers can detect the effects of the
gypsy moth. Marine environments, especially the sea floor, are
more recondite. However, a catalog of the means by which exotic
marine organisms invade new regions and the effects they wreak
upon arrival demonstrate that introductions are one of the main
threats to marine biodiversity, perhaps rivalling chemical pollu-
tion.*

The greatest changes wroughr by introduced species are those
that modify an entire ecosystem by changing its physical struc-
wure. 4! Nearshore marine habitats are not immune. Soft intertidal
substrates in the sheltered bays and estuaries of Hawaii, unlike
those in most other tropical regions, had no mangroves and were
sparsely vegetated. In 1902, the American Sugar Company plant-
ed red mangrove seedlings from Florida, while a second planting
of Philippine mangroves occurred in 1922. Mangroves, dispersed
naturally and perhaps assisted by humans, spread to many parts of
the archipelago, replacing native vegetation and forming new
forests 20 m high in some areas. There has been only preliminary
study of the marine food web housed in mangrove roots and virtu-
ally none on the arboreal community.*> However, because the
roots of mangrove swamps form critical habitat for fishes, shrimp
and other marine animals and accumulate sediment and build
land, while the trees drop 4.5 tons of leaves per acre annually, chis
introduction must dominate energy flow, nutrient cycling and the
entire composition of the community.*3

Another example of an enclosed coastal area completely changed
by an invader that provides new physical structure is from the
United Kingdom.* Seeds of cordgrass (Spartina alterniflora) from
eastern North America were accidentally introduced in shipping
ballast along the southern coast of England. These seeds produced
plants thar subsequently hybridized with the native S. maritima.
This hybrid, first noted in 1872, was sterile, but later underwent a
doubling of chromosome number to produce a fertile form, S. an-
glica, in a process known as allopolyploidy. S. alterniflora itself has
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never been particularly invasive in the United Kingdom.

The hybrids initally spread slowly, but the invasion accelerated
greatly beginning approximately in 1890. It is possible that the al-
lopolyploidy arose at that time, allowing spread by seed as well as
by rhizomes. In any event, by 1914 S. anglica had “spread all so
much indeed, tha it altered completely the aspect of the foreshore
and the estuarine reaches of the rivers from Chichester Harbour in
the East ro Poole Harbour in the West.”*> Leaves and culms of S,
anglica trap sediment, while its roots aid accretion. Thus it was de-
liberately used in marsh reclamation and spread widely around the
British coast. Its long-term impact on salt marsh succession is un-
certain, but it is difficult to believe that extensive, dense swards of
cordgrass where none had previously existed have not wrought
myriad ecological changes. There has been concern that this
species will damage holiday beaches and change and/or decrease
invertebrate communities and there have been claims that it has
contributed to a decline of wading birds. More research is needed
to clarify these threats.

Keystone species, by definition, change an enrire ecosystem by
massively modifying its community. Introduced species can also
play a keystone role not by constituting a structural element of the
community but by modifying the structure. Again, such effects are
known in coastal marine habitats. For example, through the eigh-
teenth and much of the nineteenth centuries, most of the north-
eastern North American coast was dominated by mud flats and
salt marshes. The European periwinkle snail (Littorina littorea) was
introduced to Nova Scotia for food around 1840 and slowly
worked its way south, grazing algae off rocks and rhizomes of
marsh grasses, thus destabilizing sediments.%® By the twentieth
century, it transformed much of the New England coast to its pre-
sent well- known rocky shore. In the process it must have generat-
ed enormous ecolagical change ¥

Introduced species can have innumerable effects short of such
cataclysms.*® These have been studied far more intensively in ter-
restrial and freshwater systems than in marine ones, but numerous
examples of nearshore ecological impact are known. A large Japan-
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ese brown kelp, Undaria pinnatifida, was introduced in ballast wa-
ter to the east coast of Tasmania where its habitat is similar to that
of the native kelp, Macrocystis pyrifera, the normal substrate for the
abalone and sea urchin fisheries.*? It already covers four km of pre-
viously bare rocky coastline with tens of thousands of plants
50-180 e¢m high, from near low water mark to depths of eight me-
ters, 2 total biomass of some 400 tons. Because it produces mil-
lions of spores per plant per day, it seems currently ineradicable
and it appears capable of invading most of the temperate Aus-
tralian coastline. It was also introduced to France in 1971, proba-
bly associated with spat of the Japanese oyster, Crassostrea gigas,
and to New Zealand in 1987, most likely on hulls of Japanese
fishing boats. Although research is underway to determine its eco-
logical impact, it is too soon to do more than guess at the outcome
of this invasion.

Numerous freshwater introduced plants plague native species
and entire ecosystems; in Florida alone, water hyacinth, hydrilla,
Eurasian watermilfoil and others have received extensive scientific
and popular arrention.’® Fewer marine examples are known, but
this lacuna may simply result from less research and the greater
difficulty in observing submarine phenomena. Certainly there are
several horror stories.’! For instance, the European alga Codium
fragile was of sufficient concern as a detriment to shellfisheries that
NOAA artempted unsuccessfully to remove it from the waters off
Long Island. It now also threatens to foul Florida coral reefs.*?

It is often claimed that introduced terrestrial species displace
narive ones by competing for some limiting resource, but the crit-
cal research to establish such an interaction is almost always lack-
ing.>? The same is true of matine introductions. For instance, sev-
eral mollusks and a species of Sargassum introduced to British
coastal habitats are suggested as outcompeting native species, but
the evidence is ambiguous.> For example, the decline of the na-
tive oysterdrill was contemporaneous with the arrival of the Amer-
ican one, bur the cause may have been the greater susceprtibility to
cold by the native species, combined with a series of unusually
cold winters.>®
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The effect of introduced diseases is more easily established.’
For instance, the nematode Anguillicola crassus has spread rapidly
in Europe, where it infects the native eel, Anguilla anguilla, since
its introduction in 1980 when a shipment of Japanese eels, Anguil-
la japonicus, was released. Similarly, worldwide movement of
shrimp for aquaculture has disseminated numerous disease organ-
isms, some of which have infected native species.>’

Numerous examples are known in which hybridization be-
tween introduced and native terrestrial and freshwater species es-
sentially destroys the native species through generic introgres-
sion.’® Lester found no example of interspecific hybridization in
the marine literature, though the research effort on marine organ-
isms is probably far lower than that for terrestrial species.”® Many
instances of intraspecific hybridization between hatchery stock
and wild strains of fishes and other organisms occur, often to the
detriment of the species.” Of course, hybridization also can lead
to other problems that do not entail the loss or even decline of the
original native species, as in the earlier cordgrass example.

Elton argued that oyster culture is the greatest agency of marine
introductions and he may be correct.%! If one considers only trans-
port associated with the Japanese oyster, Crassostrea gigas, the basis
for his claim is clear. This species is worth exploring in detail bause
of continuing controversy over its potential introduction to the
Chesapeake Bay. A shipment of only 3,000 hatchery-reared indi-
viduals of C. gigas contained six other invertebrate species and an
alga.%? Shipments to the Pacific Northwest brought two species of
oyster drill {one of which, Ceratostoma inornageum is a major pest),
Sargassum muticum (which is replacing eel grass in some habitats),
a harmful flatworm (Preudostylochus ostreaphagus), a nest-building
mussel that is viewed as a nuisance and a parasitic copepod that at-
tacks a native oyster.®? New disease organisms also probably ar-
rived with C. gigas. C. gigas certainly carried the Manila clam (7zpes
japonica) along with it; this clam is now so numerous in some ar-
eas that it constitutes a new fishery of some 4 million pounds.®* In
Australia, competition for food and space by the introduced C. gi-
gas has led to the decline of a native oyster; a related New Zealand
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native was similarly outcompeted by C. gigas.® In sum, “Mary-
land feels that the worldwide record of Crassostrea gigas is so taint-
ed with unpleasant phenomena that the use of this species in oys-
ter culture without adequate controls is not worth its potential risk

to the environment and health of shellfish in the Chesapeake Bay,”

while the State of Virginia seems ready to embark on the pn}jecn66

ECOSYSTEM MANAGEMENT AND MuLTIPLE USE

Under the aegis of the Sustainable Biosphere Initiative of the Eco-
logical Society of America and the New Perspectives of the U.S.
Forest Service, the ideas of ecosystem management and multiple
use have attracted increasing attention from conservation biolo-
gists.” Other new currents, such as the Bioreserve initiative of The
Nature Conservancy, are very much in this spirit. The Conservan-
cy’s Virginia Coast Reserve is specifically designed to allow eco-
nomic development and social progress that are compatible with
environmental protection of an entire ecosystem.® It is, in turn, 2
designated Biosphere Reserve, thus part of a United Nations pro-
gram to establish multi-use protected areas that conserve natural
communirties while developing compatible human uses of the en-
vironment, The “New Forestry” advocated in the Pacific North-
west similarly aims to allow harvest of resources while maintaining
native biodiversity.*”

The human population in U.S. coastal regions increased 69
percent, to 75.2 million, between 1950 and 1980; about 75 per-
cent of the population lives within 50 miles of a coast.”® Such
tremendous population growth has produced massive habitat al-
teration and pollution. Because the popularity of coastal regions
for human habitation and activity is not likely to decrease, the
pressure to use them for various purposes while not destroying
habitats or organisms that live in them is particularly acute. Cer-
tain communities in enclosed coastal seas are threatened primarily
by direct human activity. For example, even though introduced
species threaten to smother some coral reefs (as noted above), the
key threats to reef communities are sedimentation and chemical
pollution, especially chronic, low-level hydrocarbon pollution, and
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sewage.”’ It is difficult to see how human activity could nor gener-
are a fair amount of sedimentation, pollution, and sewage on a re-
gional basis and it seems obvious that these problems will have to
be solved on an ecosystem level. Further, in many enclosed coastal
areas, sediment, pollution, and sewage are the sums of many small
soutces and thus are not easily regulated except on a comprehen-
sive, regional basis.”

Though the goals of all these initiatives are laudable, they do
not yet provide much guidance to managers. Some, like the New
Forestry, are little more than collections of ideas with little synthet-
ic underpinning or empirical base. Others, like the New Perspec-
tives, are vaguely defined; chus they seem comforting withour ac-
tually saying what is to be done. Those that reflect management
experience on the ground, such as the Nature Conservancy’s
Bioreserves, are highly idiosyncratic and explicitly tailored to local
conditions. Thus they can, if suitably described, provide hints on
how to approach a similar project in another ecosystem and what
things to worry about, but cannot provide a list of rules or a cook-
book of management procedutes. The Sustainable Biosphere Ini-
tiative is hortatory but not directly applicable o specific problems;
it basically says that almost all types of research ecologists do are
necessary to conserve biodiversity and ecological processes, but
that we need much more of this work and more central direction.

Another problem with all these approaches except, perhaps, the
Sustainable Biosphere Initiative, is that they seem to rake for grant-
ed that sustainable development is compatible with ecosystem
health and the persistence of existing specics. For some enclosed
marine communities, this proposition is highly suspect. For exam-
ple, long-term stability of corals and therefore the reef communi-
ties based on them, is threatened by remarkably small amounts of
sediment and/or pollution.” In some instances bioassays of the ef-
fects on organisms are better indicators of the presence of a pollu-
tant than any chemical reacrion.

Little attention is paid to testing the hypothesis of comparibili-
ty ot to estimating just how much development of what kinds can
be permitted without ecological damage. The certainty that we
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can have owls and a big timber industry in the Northwest is remi-
niscent of the “guns and butter” claims during the Vietnam War.
Whar testing of the compatibility hypothesis exists seems explicitly
or implicitly to be by adaptive management.”® This boils down to
using a natural resource at some level, seeing if it is able to with-
stand that amount of use and if it is, trying to use even more of it.
In some settings this procedure may be useful; in others it can be
inappropriate. With introduced species, for example, the record of
attempted eradications is extremely poor; almost all introductions
are currently irreversible.” Fisheries may have thresholds such that
a decline below a certain point leads to long-rerm collapse.”

THE ROLE OF CONSERVATION BIOLOGY

What role, then, can conservation biology play in managing biodi-
versity? It is fruitful to begin by saying what role it cannot play. A
priori, conservation biology cannot give precise, prescriptive ad-
vice about specific problems, such as how to design a particular
refuge, how to regulate a harvest, whether to introduce a species,
or whether to mount an eradication campaign. This is not a
shocking conclusion and fits with those of others who have con-
sidered similar matters.”” Worse, adoption of a specific manage-
ment plan based solely on theoretical conservation biology is irre-
sponsible and could be ruinous. As noted earlier for small, isolated
populations, a variety of forces are potential problems, the key
forces need not be the same in each instance and there is no con-
sensus about which are the most important most frequently.
Concerning C. gigas and other marine introductions, Druehl
wrote that it would be many years before scientists could predict
with much certainty the effects of an introduced species on the
target ecosystem.’® Although others feel confident that much
progress has been made, [ am unconvinced.” It is true now as
then thart the ecological effects of many introductions seem idio-
syncratic and complex, that explanations are either absent or after
the fact and that many effects of introductions, even important
ones, are probably unrecognized. This is not to say that thoughtful
research before an introduction cannot help to lower the probabil-
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ity of an unexpected event. But the probability remains very high
nonctheless.

In fact, recently there has been a greatly increased catalog of
well-documented introductions, but very little progress towards
the goal of prediction, or of subsuming them under some overall
theory of introductions.*® The main synthetic theory today, which
I have termed that of “bioric resistance,” states that introductions
are more likely to succeed where there are fewer species, such as on
islands or in disturbed habitats.®! In fact, this is the very notion
propounded by Flton and is similar to the concept of “environ-
mental resistance” defined by Chapman.?? Certainly this concepr,
even if true, would not provide the precision needed for manage-
ment decisions and it is questionable whether it is even true 8 It is
almost depressing that it is still cited as a principle that might give
management guidance, including in the marine realm %4

In seeking an explanation for the apparent lesser invasibility of
marine systems than terrestrial and freshwater ones, Lester has re-
course to the hypothesis of biotic resistance, arguing that low
species diversity (and genetic diversity) renders islands (among tet-
restrial habirats) and lakes (among aquatic ones} more prone than
the oceans to serious disruption from introductions and their
species less competitive with invaders.?” In fact, it is not very clear
that islands are more easily invaded and damaged by introduced
species than are continents and the role of species richness in any
differences in invasibility is murky.?® In any event, even if the prin-
ciple were true on average, there are so many exceptions that it
would be folly to believe it could aid in risk analysis.

As for how to manage on an ecosystem basis, there is not even
the caralog of well-studied special cases that exist for small, isolat-
ed populations and introduced species. A few studies of entire
ecosystems have yielded much about nutrient cycling and energy
flow, but the generalities deriving from these studies are at too
high a level to give specific management guidelines for other
ecosystems. [he highly idiosyncratic nature of ecosystems and
their biotic communities demands detailed individualized study
for informed management.

Conservation biology and its allied sciences do have a role w
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play in managing biodiversity. They are both inspirational and in-
structive. For any particular ecosystem, they suggest a catalog of
considerations of potential forces that must be taken into account
for sound management. Further, much of this catalog is relatively
new. As I noted in the introduction, refuges set aside in the first
half of this century were largely established on the principle of
finding the suitable habitats for target species or small groups of
them, then designating chunks of that habitat to be used only for
conservation of these species. Considerations of minimum viable
population sizes, metapopulation dynamics, the interactions of the
rarget species with others in the community, the nature and rele-
vance of ecosystem processes, the vulnerability of the refuge to ex-
ternal forces (including introduced species) — all these foci of cur-
rent research were secondary or completely absent. Yet each of
these forces, in particular cascs, is possibly crucial. This knowledge
puts an onus on managers and planners to study the full gamur of
phenomena that might bear on the success of a conservation ef-
fort.

In the marine environment in particular, this onus should lead
to cerrain types of study that are difficult and not uaditional. For
instance, the particular spacing of individuals and populations of
resident species and how that spacing relates to who martes with
whom, are critical to understanding the importance of metapopu-
lation dynamics and potential fragmentation. New molecular
techniques can assist such studies. As another example, the vulner-
ability of a site o introduced species should always be a concern
and the possibility of evolution of native species in response to in-
vaders should be an aspect of that concern. At the ecosystem level,
at the very least, keystone species, if any, should be defined and the
nature of their interactions with the rest of the community should
be clarified. For example, at the turn of the century, the eas-
tern oyster, Crassostrea virginica, reportedly removed particles of
2-20np in the Chesapeake Bay by filtering the entire volume of
water about once a week. The hundred-fold decline in this oyster
means that, today, the bay volume is filtered only once a year.¥’
Because suspended particles can be living organisms and them-
selves can transport nutrients, affect the penetration of light and
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determine sedimentation rates, this catastrophic alteration in cy-
cling rates must have profoundly affected the entire ecosystem.
Until we understand such effects and can begin to predict them
with some accuracy, effective management of biodiversity will be
hamstrung,
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Scientific Management in Europe:
The Case of the North Sea

JEaN-PauL DucroTOY

The North Sea has been fished and traveled for millennia. It comes
as no surprise that it has been the subject of numerous, often con-
current, governance and management arrangements. Unweaving
the web of acronyms to trace the history and function of perhaps
the most successful internarional scientific advisory body to any
North Sea regime, the North Sea Task Force (NSTF), is no easy
task. Briefly, the London Declaration of 1987 deemed the Oslo
and Paris Conventions to be insufficienty scientific and thus in-
adequate 1o provide the scientific advice needed to identify proper
policy options and choices. The Declaration mandated the cre-
ation of the NSTE which had as its mission the creation of a uni-
form data monitoring system throughout the North Sea, the com-
pilation and dissemination of all scientific data via North Sea
Quality Status Reports (QSRs), and the identificadion of any gaps
in existing knowledge.

‘The NSTF accomplished its mission successfully from 1987 to
1993, at which time its funcrions were subsumed into a new body
created our of the Oslo and Paris Commissions, known as the
Convention for the Protection of the Marine Environment of the
North-East Aclantic. From an international regimes standpoint, it
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is useful to look carefully at the NTSF as a case study of an epis-
temic community, to use Haas' term, and at how its function was
differently conceptualized by different North Sea actors. The need
for scientific expertise and guidance remains constant, yet the ways
in which the epistemic community is admitted into the manage-
ment process can vary and affect its usefulness. The precautionary
principle was introduced into North Sea regional environmental
management during NSTF’s tenure, changing policy thinking not
only in the North Sea, bur worldwide. NSTF scientists raised sug-
gestions to improve the urility of data and data sharing and to ex-
plain the nature of uncertainty and variability to policy makers, all
subjects which arise repeatedly in other chapters of this volume.

Twenty years ago, the North Sea, an enclosed, relatively shallow
body of water having limited exchange with the Atlande Ocean,
was declared “one of the most heavily polluted sea areas in the
world.”! Such shallow and enclosed seas are thought to be at risk
from problems caused by pollution. Human activities around the
North Sea have developed over centuries on a scale unsurpassed in
most parts of the world. Thus, it should not be surprising that hu-
man environmental impacts have become a threat to the contin-
ued welfare of this important sea. Both localized and general pol-
lution problems exist. Areas of persistent long-term pollution are
found mainly near the sources of discharge, yet the open sea is not
free of chemical contamination. Although not considered severe
pollution, low concentrations of organic contaminants such poly-
chlorobiphenyls (PCBs) are common. More worrying are the ef-
tects of activities such as commercial fishing and agriculture.
North Sea fishing affects commercial and noncommercial species,
including benthic organisms such as molluscs which are disrupted
by trawling, and predators such as seabirds and marine mammals
which may suffer from reduced food supply. As Simberloff notes
in the preceding chapter, genecic drift in fish populations due to
decades of heavy fishing is now a distinct possibility. Agriculture
has an indirect impact through cutrophication on the biological
structure and functions of marine ecosystems.

In response to such events as the Tarrey Canyon grounding of
1967 and in an attempr to solve environmental problems in the
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North Sea, politicians have installed several intergovernmental or-
ganizations aimed at regulating the use of the marine environment
for waste disposal.? These agreements include the London Dump-
ing Convention (1972), the MARPOL Convention (1973) and
the relevant protocol of 1978, the Law of the Seas Convention
(1983), and the recommendations of Part B in the Oceans Chap-
ter of Agenda 21 of the United Narions Conference on Environ-
mental and Development (1992). Agreements specific to the
North Sea include the Convention for the Prevention of Marine
Pollution by Dumping from Ships and Aircraft, or Oslo Conven-
tion (1972), and the Convention for the Prevention of Marine
Pollution from Land-Based Sources, or Paris Convention (1974),
jointly known as OSPAR.

Recently, efforts have been underway to improve the decision
making procedures in the North Sea by to relying on appropriate
knowledge and adopting a scientific approach 1o problems. The
Joint Monitoring Group (JMG) of OSPAR, with its Joint Moni-
toring Programme, was unable to tackle the existing shortfall in
knowledge about the North Sea since it was not a scientific body
and had no authority to install scientific committees. In addition,
many observers recognized that the JMG was so involved in ad-
ministrative matters that preparing overview documents on the
health of the Convention waters was our of its reach. Shortcom-
ings in scientific knowledge were particularly apparent for trends
in inputs, linking inputs to actual contaminant levels and environ-
mental impacts. A bonafide coordinated scientific program was
needed, and in particular a simple, effective monirtoring plan to
provide consistent and comparable data. Such knowledge was seen
as necessary to allow strategic decisions on environmental protec-
tion to be made and to assess the effectiveness of measures already
taken. As such, the NSTF was created in 1988.

MANAGING THE NORTH SEA: A SCIENTIFIC APPROACH

In the past, most legal iniciatives aimed at improving the health of
the North Sea have come in response to crises, and thus several
management actions continue to coexist.” North Sea proteciion
and management are currently undertaken by a number of inter-
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national agreements and bodies which oversee various aspects of
its environmental management and these generally predate other
regional marine pollution agreements such as the UNEP Regional
Seas Programme. The first Internarional Conference on the Pro-
tection of the North Sea in 1984 highlighted the need to scientifi-
cally assess the extent to which the North Sea was affected by hu-
man activity. This resulted in the production of the 1987 QSR,
based on national contributions of information, followed by an in-
terim report in 1990, and the final QSR in 1993,

In 1987, the Ministerial Declaration of the second Internation-
al Conference on the Protection of the North Sea (known as the
London Declaration) identified remaining shortcomings in the
scientific knowledge of the North Sea environment. The Confer-
ence requested the International Council for the Exploration of
the Seas (ICES) and the Oslo and Paris Commissions (OSPAR-
COM) 1o jointly take responsibility for developing a research pro-
gram and (o set up an intergovernmental working group in 1988,
to be known as the NSTE By way of background, ICES, founded
in 1902, is the oldest intergovernmental marine organization in
the world (although not the largest), and it has collected and dis-
seminated extensive literature on marine fisheries, oceanography,
and contaminants. The mandate given the NSTF was to carry out
work leading, in a reasonable time-scale, to a dependable and
comprehensive statement of circulation patterns, inputs and dis-
persion of contaminants, ecological conditions and effects of hu-
man activities in the North Sea.” Membership in the NSTF in-
cluded the eight North Sea states (Belgium, Denmark, France,
Germany, the Netherlands, Norway, Sweden and the United
Kingdom) and representatives of the Commission of the European
Communities. Observers from the Common Wadden Sea Secre-
tariat also took part in the scientific assessment. The NSTF scere-
tariat was based in the OSPARCOM head office in London, and
worked in close cooperation with ICES in Copenhagen.

OSPARCOM’s policy also evolved and in 1989 the Paris Com-
mission adopted the precautionary principle: contracting parties
agreed to reduce at-source polluting emissions of substances that
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are persistent, toxic and liable to bio-accumulate by the use of the
Best Available Technology (BAT) and other appropriate measures.
As a result of this policy shift, in 1992 the Commissions decided
to merge the two former conventions into one new instrument,
the Convention for the Protection of the Marine Environment of
the North-East Atlantic. Among the annexes conwined in the new
convention, one deals with assessment of the quality of the marine
environment. It is understood that the relevant annex would con-
tinue the scientific work of the NSTF witchin the new structure,
since the NTSF itself was debriefed in 1993.> One immediate
question is whether the scientific approach specific w the NSTF
will be easy to incorporate into a much more complex organiza-
tion or whether rthe case of the ephemeral task force will remain
unique and difficult to revive within a more political framework.

While OSPARCOM was expanding its scope, a regional orga-
nization, the North Sea Commission, was created in 1990. The
Commission is made of regional governments within the frame-
work of the 1973 Conference on Peripheral Maritime Regions
which deals with partcular transnational regions like the North
Sea. The objectives of the North Sea Commission are to further
partnership between regions which manage the North Sea and to
promote the North Sea Basin as a major economic entiry within
Europe. An environmental group was founded in 1992 in order to
further key environmental issues as they affect local authorities
bordering the North Sea by influencing future research and future
European Union and national policies. It may be possible for this
group to take over the scientific work left unachieved by the
NSTE

Although waste generation is unavoidable, the environment
must be used in a way which avoids polluting. If marine ecosys-
tems are to be used for waste disposal, surveillance and manage-
ment must be organized to minimize its impacts. Thus, waste dis-
posal must be conducted as part of a broad holistic approach.® The
need for such stronger horizontal interconnections of North Sea
management policy has recently been recognized, and the NSTF
began this rask.” The Third North Sea Conference invited the
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NSTF to artempr, in a holistic QSR, a general assessmenr of the
entire North Sea and to address a number of specific topics.® Eatli-
er oceanographic studies demonstrated the need to understand in-
puts from the Adantic Ocean and the Baltic Sea. Upon receiving
advice from 1CES on how to plan a regional study, the NSTF de-
cided to include the northern parts of the North Sea, the English
Channel and the regions of the Kattegat-Skagerrak. Furthermore,
the NSTF was invited to carry out a number of additional rasks
including the elaboration of techniques for the development of
ecological quality objectives and the coordination of species and
habitat protection plans in order to help assess measures raken to
protect marine sites.”

From the inception of the NSTF, emphasis was placed on the
need to adopt a scientific approach to environmental problems. In
essence, the role of the new group was to collect and disseminate
the existing scientific knowledge about the North Sea environ-
ment and to highlight gaps in existing knowledge and needs for
future research, The approach and full participation of ICES as a
cosponsor guaranteed a scientific focus for future work to protect
the North Sea. Finally, the new Advisory Committee on the Ma-
rine Environment (ACME) played a major part in reviewing the
text and illustrations of the QSR.

Of course there are limits to scientific assessment. All scientific
studies contain elements of uncertainty and may lead to provision-
al conclusions and predictions. It is very difficult to extrapolate
laboratory results to the natural environment: the problem of
proving causality is particularly difficult. The precautionary princi-
ple, subject of heated debate berween policy makers and scientists,
illustrates these difficulties well. This principle first appeared at the
Fitst International Conference for the Protection of the North Sea,
held in Bremen in 1984, when the ministers recognized that the
environment is best protected against pollution through timely
preventive measures. The ministers declared that coastal states and
the European Community (EC) must not wait for proof of harm-
ful effects before taking action.!®

The level of harm, in terms of biological effects, may be diffi-
cult to assess. Synergistic effects berween manmade chemicals and
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unforeseen environmental factors make it hard to focus on any un-
expected contaminant. The third International Conference for the
Protection of the North Sea in the Hague (1990} went further
with the precautionary principle, recognizing the need to take ac-
tion even where there is no scientific evidence proving a causal link
between emissions and effects.!’ The NSTF never dealt with this
discussion, remaining focused on the Moniroring Master Plan
(MMP). The new Convention for the Protection of the Marine
Environment of the North-East Atlantic has improved the definition
of the precautionary principle, introducing the notion of “reason-
able grounds for concern” as a basis for taking preventive mea-
sures.!? This subjective notion dernonstrates that the precaution-
ary approach is a political and policy-oriented doctrine. It takes
scientific assessments into account bur is not a scientific exercise in

itself.!3

ExpLAINING NSTF SUCCESS

The NSTF “is often cited as a model for how science and deci-
sion-making can be effectively connected.”'* The NSTF has based
its work on sound scientific knowledge and has used strong sup-
porting scientific evidence to suggest orientations in policy mak-
ing. [ts objective was not to prove specific hypotheses, bur 1o col-
lect convincing information taking into account natural variabilicy
and the fact thar many environmental factors play a role. When
making recommendations for new regulatory decisions, the NSTF
relied on policy choices bur started from a scientific overview of
the problems. Domestic administrative forces rarely prevailed over
transnational scientific ones. This was achieved though various ini-
tiatives such as establishing expert groups to address a particular is-
sue and prepare advice for consideration by the whole Task Force,
and organizing scientific workshops and informing fellow North
Sea colleagues of research progress.

However, the political backing and reasoning for the creation
of the NSTF seems to have been weak and not well established,
thus helping to explain its shore life-span. The idea of installing a
scientific group to meet issues raised at the North Sea Conference
was pushed forward by scientists. The scope of its coverage consist-
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ed of monitoring and assessment of a specific area, the North Sea,
through a scientitic approach. How did the NSTF manage to fulfil
this difficult “scientific task?” In the annex to the London Declara-
tion (1987), six elements were proposed for inclusion in its work:

1. agreement on the substances and/or parameters to be mea-
sured, the methods 1o be used to measure or calculate
these, the frequency and location of sampling and/or mea-
surement

2. a properly designed and managed quality assurance pro-
gram covering sampling and analysis for monitoring and
research purposes

3. more and higher quality data to be collected in a harmo-
nized manner specifically for the purpose of defining con-
ditions in the North Sea

4. special programs in specific high risk areas such as the Wad-
den Sea (on seal populations), the Kattegat (on the effects
of eutrophication and anoxia), and British estuaries {on
chemical contaminarion)

5. the development of models for assessment purposes, able to
make full use of the improved data base, and as manage-
ment tools to determine the effectiveness of existing or
planned control strategies

6. research designed vo fill gaps in the knowledge of causal
mechanisms needed for the interpretation of the results
from elements 1-5 above'>

The Advisory Committee on Marine Pollution (ACMP, the
precursor to the ACME) produced recommendations on how to
prepare the assessment. This resulted in the MMP which was a
program of environmental monitoring based on an innovarive
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sub-regional approach (see Figure 8.1). Unforwunately, the MMP
was only run in 1990 and 1991 and was abruptly interrupted be-
cause of a lack of motivation at national level and the need to keep
monitoring costs at a minimum level for some countries.'® The
rules established in order to carry out the MMP were simple and
clear. In contrast to the Joint Monitoring Programme, they includ-
ed a short list of factors in a few matrices which were easy to fol-
low.!” The MMP also helped to structure relationships inside the
task force and was typical of the reamwork spirit enjoyed by the
group.

The NSTF devorted considerable effort to addressing problems
related ro improvement of chemical and biological measurements
(including biological cffects) and it benefitred from the work of
groups such as the Marine Chemistry Working Group of ICES.
Most of the work, however, was done on a voluntary basis with no
real international support. The ICES Dara Centre played a key
role in collecting and processing the data and providing it for
preparation of the QSR. The data was assessed by ICES experts
holistically. This difficult and time-consuming work, done by prac-
ticing scientists, guarantees that conclusions on the distribution of
contaminants are valid and can be regarded as reliable. However, a
large quantity of data was not usable because of the lack of inter-
calibration between laboratories. The data provided by various gov-
ernments generally suffered from a lack of comparability and miss-
ing information on quality assurance procedures. Some laborato-
ries had difficulty adhering to previously agreed protocols regard-
ing sampling and sample processing. Delays in data provision al-
most sabotaged the work of ICES assessment groups, and in some
cases dara never materialized. As a result of their expericnces wich
the NSTF, ICES and OSPARCOM, scientists approached the EC
with suggestions for funding a “Quality Programme” to address
these problems. This resulted in the launching of the EC QUASI-
MEME program, a collaborative project among Furopean marine
insticutes. The project is funded by the Communiry Bureau of
Reference and has developed the use of Quality Manuals in each

laboratery. This will improve documentation, reporting, account-
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Figure 8.1. Subregions of the North Sea adopred by the North Sea Task
Force. The subregions are based on the natural hydrographic variations
of the North Sea. Source: See Jean-Paul Ducrotoy, Janetr Pawlak, J.
Portmann, C.P Reid, L-O Reiersen. 1991. Scientific activites in the
framework of the North Sea Task Force. Source; North Sea Environ-
ment Repore 4:1-54.
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ability and the tracking of information (which was a difficulty ex-
perienced by the NSTEF). Through a network of laboratories, a
Quality Assurance proficiency testing scheme has been launched
to improve the performance of inexperienced laboratories and o
join the proficiency scheme. '3

The division of the North Sea into subregions has led to an in-
creased emphasis on sensitive areas. Further work is needed on
vulnerable areas and it would be advisable to develop additional
studies on, for example, estuaries. In addition, the NSTF prepared
an inventory and a comparison of models relevant to its work. In-
dications of the expected impacts of a reduction of inputs includ-
ing nutrients and some contaminants were made available. These
results were incorporated in the 1993 QSR.'? In the furure, sub-re-
gional modelling techniques need to be developed, including co-
ordinating model verification and validation exercises.

To expand scientific understanding the NSTF undertook two
principal activities of research coordinarion: information dissemi-
nation of current research programs via a database, and field stud-
ies coordination (see Figure 8.2). Topics developed included eu-
trophication, biological monitoring programs, ecological quality
objectives, the impact of fishing on ccosystems, the protection of
habitats and species such as marine mammals and birds, as well as
surveys of marine sites and assessments of existing damage and
methods for reconstruction. However it is the QSR, prepared through
a two-tiered system, which remains the NSTF’s crowning achieve-
ment. Figure 8.2 demonstrates that holistic assessment, embodied
in the QSR, was a essential element in providing policy makers
with sound scientific knowledge.

First, the compilation of scientific information was prepared by
a group of practicing scientists mostly from universities or fresearch
institutes. Nominatons were simply “confirmed” by governments
so as to ensure participation of “independent” scientists. They
were organized into five Drafting Panels for the QSR chapters on
geography, oceanography, chemistry, biology, and ecology. As sec-
retary of the NSTE, editing the book was my responsibility with
assistance from a “drafting group” led by the Vice Chairman of the
NSTE and comprised of the Environment Secretary of ICES and
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three scientists nominared by the NSTE?® The report was present-
ed to the ACME of the ICES for critical review (see Figure 8.3).
The scientists involved in the preparation of the QSR and vari-
ous workshops came from diverse scientific backgrounds. The
physical, chemical, and biological scientists concentrated on un-

Assessment of specific
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Figure 8.2. NSTF's methodology tv prepare the 1993 QSR. Note: The sub-
regions are based on the natural hydrographic variations of the North Sea.
Source: See Jean-Paul Ducrotay, Janet Pawlak, ]. Portmann, C.P. Reid, L-O
Reiersen. 1991. Scientific activites in the framework of the North Sea Task
Force. Saurce: North Sea Environment Report 4:1-54.
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derstanding the links berween inputs and the distribution of sub-
stances introduced into the marine environment and the roxicolo-
gists and ecophysiologists were crucial for assessments of biological
effects. Obvious limits of the exercise included the availability of
knowledge and the extent to which scientists could assess and pre-
dict the consequences of substance introduction into the marine
environment.?!

Secondly, it was decided by the Experts Steering Group that
the report would then go to the NSTF for adoption but that no
changes altering the meaning or the content of the report would
be allowed. Delegartes to the NSTF represented their governments.
They had the difficult task of bridging the gap between scientific
inputs and policy recommendations.?? The delegates were respon-
sible for producing the last two chapters of the QSR, incorporat-
ing conclusions and recommendations. Leadership in these pro-
ceedings came more from individual entrepreneurial delegates
than from specific national delegations. In fact, there were pas-
sionate and chaortic discussions ar the NSTF about issues such as
wording, and concentrations of certain substances in seawater and
sediment. The conclustons reached by the research scientists were
not altered in any significant way.

LEssONS FROM THE NSTF

Due to the fragmentation of North Sea environmental manage-
ment, it has been difficult to achieve anything approaching ecosys-
tem management. However, the London Declaration (1987} must
be interpreted as a suggestion, in the strongest terms, to the Oslo
and Paris Commissions thar they be more scientific in their work.
The NSTF accomplished this mission and serves as an example of
the complementarity of scientific and policy-oriented approaches.
The NSTF experience suggests a possible list of the categories of
scientific knowledge required to support marine environmental
protection, including those types which (1} link inputs of contam-
inants to their distribution in the marine environment, from
sources to sinks; (2) expand understanding of the effects of sub-
stances introduced into the marine environment on biological sys-
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tems and other resources; and (3) use an ecosystem approach in-
corporating the above knowledge into a holistic view of the ecolo-
gy of animal and plant species in their specific habitats.

The NSTF synthesized considerable knowledge and made it
available in clear terms in the QSR.*> Why, then, was the organi-
zation’s duration so short? Science is generally understood as syn-
onymous with “progress” and a means to meet many human
needs. Bur science cannor yield cerrainties on the consequences of
human behavior. Science is never able to achieve conclusions be-
yond the reach of criticism and the scientific approach does not
produce copious information (even ordered according to logic) to
be used straight away by policy makers. [n fact politicians seem o
be acrracted by the procedure of science itself, i.c., the working
methodologies that go into the advancement of learning, 2

Science can proceed only on a basis of confidence. Fraud exists
in the scientific world but it can be quickly relegated to a situation
in which disbelief prevents further progress. This may not be the
case in politics. Even if the layman is bewildered by the concepts
of science, he may be seduced by the simplicity of its reasoning.
He may be tempted to confuse the beauty of the idea itself with its
abilities to solve problems. The temptation to apply the scientific
approach to policy making is great, burt political and administra-
tive problems cannot necessarily be translated into scientific terms,
nor are they systematically scientific in character. These mistakes
can be made easily by groups with weak scientific foundations.
Unfortunately, the degree of political learning by the NSTF was
low; ulrimately, this may be the reason it no longer exists.

How was it possible, in the case of the NSTF, to turn such dif-
ficulties into a synergy between science and government? It is not
the purpose of science to make the world becter, bur it can help
solve problems which make management more practicable. The
role of such bodies as the NSTF is, therefore, to develop applica-
tions of available knowledge. Tts success lies in its ability to facili-
tate dialogue between science and politics. Scientists must be con-
sulted, burt responsibility remains political. Dilemmas arise when
policy makers involved in environmental management are forced
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to take scientific uncertainties into account. A lesson learned while
drafting the QSR is that all uncertainties should be incorporated
into any assessment, even if scientific reports look hesitant and pes-
simistic as a result. Difficulties also arose when scientists attempt-
ed to incorporate notions of narural variability and when the
NSTF as a whole had to interpret the observed changes in the en-
vironment,

The main ebjective of the group, through its scientific drafting
panels, was to give concordant advice from the scientific world. As
advised by the Joint Group of Experts on the Scientific Aspects of
Marine Pollution shared between the International Maritime Or-
ganisation and other organizations, every effort was made by
NSTF scientists to better understand the sources of variability and
their underlying principles.>” However, the “pollution approach” is
still prominent in the environmental arena. It is hard for govern-
mental bodies to go beyond the discussion of acceptable concen-
trations in seawater, sediment and organisms. Human activities
constitute only a portion of the factors influencing observed changes
in marine ecosystems. Thus, scientific advice can serve as only onc
part of potential solutions for specific problems, not as a final an-
swer in a crisis situation. In this respect, NSTF demonstrated thac
science can and should help governmental decision-making, but
also that science is not and will never be able to correct political
uncertainty and incompetence, or balance commercial ambition
and greed.

NOTES

1. Gunter Weichart. 1973. Pollution of the North Sea. Ambio 2(40):
99-106.

2. See Peter M. Haas, this volume and Peter M. Haas, Robert O.
Kechane and Marc A, Levy (eds.). 1993, Institutions for the Eareh.
MIT Press, Cambridge.

3. Graham Bennett, 1989. The international control of land-based
discharges to the North Sea: a policy review. In Cato ten Hallers-
Tjabbes and Auke Bijlsma (eds.}. Distress Signals: Signals from the
Environment in Policy and Decision Making. Proceedings of the



10.

il

12,

13.

14.

15.

16.

Scientific Management in Enrope: T e Case of the North Sea © 191

Third North Sea Seminar, Werkgroep Nordzee, Amsterdam, pp.
55-59; and Haas et al., op. cit.

. North Sea Task Force. 1993. North Sea Quality Starus Report

1993, Oslo and Paris Commissions, London. Olsen & Olsen, Fre-
densborg, Denmark, p. 1.

. OSPARCOM. 1993. Ministerial Mecting of the Oslo and Paris

Commissions. Paris, 21-22 September 1992, p. 303.

GESAMP 1991. Global strategies for marine environmental pro-
tection. UNEP Reports and Studies 45:1-36.

Parricia Birnie. 1992. Compararive evaluation in managing con-
flicts: lessons from the North Sea experience. In Paolo Fabbri (ed.).
Ocean Management and Global Change. Elsevier Applied Science,
London and New York, pp. 308-324,

Peter Hoogweg, Jean-Paul Ducrotoy and Ben van de Vetering.
1991. The North Sea Task Force: the first two years. Marine Pollu-
tion Bullerin 22(7):328-330.

. Jean-Paul Ducrotoy. 1992. The North Sea Task Force: a new ap-

proach to assessing the quality of the North Sea. Ocean Challenge
3(1):32-35.

Ministerial Declaration. 1984. International Conference on the Pro-
tection of the North Sea, Bremen, Germany, 1 November.

Ton Ijlstra. 1990. The third International North Sea Conference.
Marine Pollution Bulletin 21(5):223-226.

Claire Nihoul. 1993. From the Oslo and Paris Conventions o the
Convention for the Protection of the Marine Environment of the

North-East Adantic. North Sea Task Force News May 1992:3.

A. R. D. Stebbing, 1992. Environmental capacity and the precau-
tionary principle. Marine Pollution Bulletin 24(6):287-295.

R. Ferm, 1992. Foreword. In Jean-Paul Ducrotay, Janet Pawlak,
Georges Pichot, John Portmann, Chris Philip Reid, Lars-Orcto
Reiersen {eds.). Scientific activities in the framework of the North
Sea Task Force. North Sea Environment Report 4:1.

Ministerial Declaration. 1987. Second International Conference
on the Protecrion of the North Sea, London, 24-25 November.

John E. Portmann. 1991. The implementation of the Monitoring
Master Plan. North Sea Task Force News. November 1991:4-5.



192 « Part II: Scientists, Certainty, and Knowledge

17.

18.

19.
20.

21.

22.
23.
24,

25.

Jean-Paul Ducrotoy, Janet Pawlak, J. Portmann, C.P. Reid, L.-O.
Reiersen. 1991. Scientific activites in the framework of the North
Sea Task Force. North Sea Environment Report 4:1-54.

D. E. Wells. 1993, QUASIMEME — an introduction. QUASI-
MEME Bulletin 1:1-5.

North Sea Task Force 1993, op. cit.
John Portmann, Janet Pawlak, Ben Van de Wetering, Hein-Riine
Skjoldal and Marcel Chaussepied, respectively.

M. Elliott and Jean-Paul Ducratoy. 1991, The future direction of
studies on spatial and temporal compatisons of coasts and estuaries.
In M. Elliotc and Jean-Paul Ducrotoy (eds.). Estuaries and Coasts:

Spatial and Temporal Intercomparisons. Olsen & Olsen, Fredens-
borg, Denmark, pp. 385-390.

See also Frieda Taub in this volume.
North Sea Task Force 1993, op. cit.

See Sheila Jasanoff and Peter M. Haas in this volume for differing
discussions of this point.

GESAMP op. cit.



9

Scientific Communities and
Multiple Paths to Environmental
Management

PETER M. Haas

Students of environmental politics and policy are typically con-
cerned abour the disjuncture between policy advice for the man-
agement of coastal and semi-enclosed seas and actual polirical
processes for their management. It is common for environmental
policy analysts to contend that the effective management of such
seas requires a comprehensive management style using the system-
atic application of scientific understanding of ecosystems to the
management of complex marine ecosystems by all the major cur-
rent and anticipated users.! Such analysts hope for an internation-
al political process of social learning where new threats or prob-
lems are identified and collective understanding evolves and is mo-
bilized to respond to and collectively manage newly apparent
risks.” Very sophisticated international cooperation is required.

In practice this process is very rare. Ecological information is
seldom translated into comprehensive management for regional
and semi-enclosed seas.” Domestic and international polirical sys-
tems are typically poorly equipped to adopt and effectively imple-
ment such demanding policies. Problems of both information
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availability and of political power and practice inhibit their rapid
and effective application. National regulatory bodies are typically
organized to consider and apply management styles designed for
discrete problems rather than cross-cutting ones. Timely environ-
mental quality data is often absent, the relevant holistic or ecologi-
cal models and environmental qualiey data — when they exist —
often remain limired to the purview of the scientific community,
while the government administration is ignorant of or indifferent
to them.’

Polirically, users who benefit materially in the short-term from
the exploitation of a2 common resource are generally bertter repre-
sented in the policy process then those who bear costs in the
short-term and advocate controls in order to support sustainable
development over the longer term. Internationally, governments
are often reluctant ro commit to elaborate and binding arrange-
ments for collective-action problems such as the management of
regional seas, out of a fear that their economies will be saddled
with onerous economic costs not be shared by their partners in the
area and economic competitors ourside.” Recent research in inter-
national relarions suggests the conditions under which different
patterns of regional ocean management are likely to occur.

Two reasonably distinct models now exist in the international
relations literature about how international regimes for marine en-
vironmental cooperation are likely to occur, and the array of plau-
sible policy interventions to promote them. Each model includes a
distinctive cluster of features, whose expression varies in each
model. These include: (1} the political process by which a regime
is created and maintained (i.e., negodation or leadership); (2) the
regime’s substance (its scope of coverage and the stringency of its
rules); (3) the compliance effects on participating countries (effec-
tiveness); (4) the durability and permanence of the regime (ability
to exist beyond the political factors which help account for its cre-
ation); and (5) the degree of learning which it fosters. Learning is a
political process through which collective behavior is modified in
light of new collective understandings. It may be manifest either
through more sophisticated policies for the management of a dis-
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crete issue, or through the appreciation of linkages berween issues
which come to be managed in tandem. This chapter examines and
applies two recent models of international environmental coopera-
tion to understand the collective management of tegional seas and
contrasts experiences of international environmental cooperation
in the Mediterrranean and the North Seas in order to test the
models’ predictions and identify possible procedural interventions
to improve the quality of the management of regional seas more
generally.®

INSTITUTIONAL MODELS OF ENVIRONMENTAL REGIMES

Institutionalists focus on interests and analyze the context or set-
ting under which cooperation may be valued and pursued by
states out of self-interest. Such analysts typically focus on the inst-
rutional context in which decisions are raken, secking to specify
features which may promorte the possibility of joint gains being re-
alized through regime creation. Actors are gencrally portrayed as
egoistic, rational utility maximizers, albeit with incomplete infor-
mation. Their interests are viewed as given, and largely invariant.
Alternatively, analysts may take actors’ statements of their prefer-
ences at face value as accurate depictions of their objectives,
Knowledge is generally seen to play a minor role, although it can
be a source from which actors recognize new interests, or appreci-
ate a change in institurional context.

Contractual institutionalists who are informed by social choice
approaches focus on bargaining structures through which regimes
are created and maintained.” They assume an area of common in-
terests, and seck to specify institutional factors which may encour-
age actors 1o overcome their reluctance to cooperate. Individuals
and collective entities are regarded as constructive, information
seeking actors. The policy question is how to provide them with
sufficient incentives — of which information is one — to ensure
outcomes beneficial to the internavonal communiry, such as pre-
serving the environment. Power is not as important as is the op-
portunity for finding joint gains from cooperation. States” recogni-
tion of their preferences is essential for successtully applying bar-
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gaining techniques, as well as understanding states’ behavior in
collective negotiations. Institutionalists believe that large numbers
of parties make regime creation more difficult, and increase the
likelihood of very weak and transitory regimes. Conversely, they
believe smaller numbers increase the possibility that institutional
bargaining could lead to more stringent and durable regimes.®

Institutionalists have only minimal expectations about environ-
mental cooperation. They expect to find negotiated regimes whose
substance merely reflects the measures tolerable to the least enthu-
siastic party. Arild Underdal has formulated this behavioral pattern
as the “law of the least ambitious program.™ Consequently. collec-
tive measures are often far too diffuse and weak to significantly
improve environmental quality, as in the management of interna-
ticnal fisheries, and, until 1987, in collective efforts to protect the
North Sea and Baltic from pollution.

Least ambitious programs are largely formalizations of the least
stringent existing national efforts. Such regimes typically lack seri-
ous compliance measures (for either monitoring or enforcement),
and regulatory standards tend to be very undemanding. In regions
where countrics have no or weak standards, the regime will be cor-
respondingly modest. In situations where some states have stronger
standards, the weakest one will still serve as the regime norm. Even
in these mixed situations compliance is a relatively minor matter.
States with weaker standards will not be asked to do more than
they are already doing, and backsliding by states with stronger
measures is unlikely due to public scrutiny at home and sunk in-
vestment costs by firms. Some stmple emulatory policy learning
may be possible, but more sophisticated institutional learning is
unlikely because governments are driven by experience and a re-
luctance to accept new obligations, and because joint decisions re-
flect the views of the least enthusiastic party.

Some alternatives to the least ambitious program option exist.
Stronger regime patterns are possible if negotiations occur within a
setting of institutional bargaining. Oran Young characterizes insti-
turional bargaining as che setting in which regimes are created and
maintained through bargaining betwcen several distinct types of
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actors, including stares and NGOs, in an organizational context
and subject to uncertainty about the costs and benefits of coopera-
tion.'" While actors are secking to obrain their own preferences,
they may not be fully certain as to what these preferences are. Un-
der such circumstances Young expects that actors will have only a
weak regard for distributional effects. In institutional bargaining,
leadership can come from a country, entrepreneutial individual
diplomats, or non-state actors — including international organiza-
tions, NGOs or epistemic communities. Such a leader can help
identify compromises from which everyone else may benefit. With
the use of such techniques as stressing uncertainty, monitoring, re-
peated or “iterated” games, promoting equity and integrative bar-
gaining over debate on distributive and efficiency issues, and the
introduction of such “selective incentives” as side payments, politi-
cal pressure, or education, designers may create and maintain
regimes which exceed the least ambitious program.

Robert Axelrod, Robert Keohane, Elinor Ostrom, and Oran
Young identify other institutional factors by which negotiated
regimes may exceed the limited scope of least ambitious program
regimes.'! They observe that stronger, long lasting regimes are pos-
sible when it is easy to monitor and verify actors’ compliance with
major behavioral obligations, numbers of participants are relative-
ly small, actors are engaged in iterated games, and actors are en-
couraged to consider long-term effects of their actions (the shadow
of the future). Institutionally created regimes may persist if partici-
pants come to appreciate the value provided by the regime, and re-
alize that continued cooperation is preferable to a relapse into poli-
cy disorder. Regimes established by a hegemon may also persist
past hegemonic decline for institutional reasons, as Robert Keo-
hane argues with regard to international economic regimes.!?
Hegemonically inherited regimes may also be regulatory in form,
if they were originally designed with regulatory standards.

Environmental regimes concluded in the aftermath of hegemo-
ny may aspire to regulatory content, but the regulations are un-
likely to initially exceed least ambitious program levels because
countrics end to disagree profoundly about appropriate regulato-
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ry standards for environmental protection. Regimes are likely to be
designed ro encourage the provision of information about the
quality of the environment (monitoring) and other countries’ pol-
lution control activities, administer pollution control facilities, or
pay clean up costs from a joint insurance fund. These are interna-
tional functions which are generally regarded as desirable in the
environmental realm both on their own merits and because they
backstop a regulatory regime by quickly alerting parties to defec-
tions.!3

Institutional bargaining may contribute to movement away from
the least ambitious program over time, subject to domestic level
pressures. As national environmental pressures mount, governments
are forced to try to persuade their neighbors to adopt stronger mea-
sures as well, creating a ratcheting element in the least ambitious
program process. Important domestic facrors which may result in
greater pressures for stronger environmental policy include the di-
vision of powers between the federal and state levels, legal tradi-
tions, administrative organization and expertise, relations berween
the judiciary and administration, and a country’s research system
and its input into public policy.’* Regimes that exceed the least
ambitious program demand stronger compliance from laggards
than leaders. Because the regime will probably end up with mea-
sures which are weaker than in the strongest country, little accom-
modation is required by the leader. Laggard countries, however,
must beef up their measures to comply with the regime. Leaders
may cven have their efforts inhibited or retarded by other coun-
tries, who may urge them to go slowly in their adoption of more
rigorous standards thar could introduce new incomparibilities be-
tween the national systems they are trying to harmonize. For in-
stance, Sweden’s efforts ro reduce sulfur dioxide emissions from
autos were slowed by up to two years by the European Communi-
ty’s reluctance to adopr similar measures.'?

Environmental regimes which provide incentives for states to
participate are likely to be more effective than ones which do not.
Major factors which encourage state compliance include regime



Scientiftc Communities and Multiple Patlis to Management + 199

features which: create stable bargaining environments, so thar on-
going negotiations are possible and future expectations of rewards
are created; enhance national concern, so governments are held ac-
countable by their populations for complying with international
obligations; and offer improvements in state capacity so that states
are rewatded for their participation and find it easier to comply
with their obligations.'®

Learning is possible in institutional bargaining. New policies
may be identified and adopted, and some issue linkage may occur.
Because actors are engaged largely in integrative bargaining involv-
ing exploratory forays to determine the exact shape of the bargain-
ing pareto frontier, new scientific findings and consensual knowl-
edge may lead actors to substantively link issues in a regime. Many
learning processes are possible within international institutions:
through demonstration effects laggard countries may gradually
come to emulate stronger policies applied elsewhere; and informa-
tion may be exchanged by experts leading environment ministers
to adopt new measures. While policies may be imitated by other
countries, most countries will remain strongly conditioned by the
fear of unreciprocated policies and hence fail to adopt new policies
which would threaten competitiveness.

Such an approach may have significant value for understanding
European environmental negotiations, where many countries have
alrcady adopted domestic environmental measures and there are
clear reasons for harmonizing national efforts. It is difficult to ap-
ply institutional insights to issues where countries with strong do-
mestic environmental protection measures are reluctant to engage
in meaningful international discussions, such as the United States
during the 1980s. However, there are limits to the applicability of
institutional bargaining techniques. If issues are not widely regard-
ed as generating collective outcomes for all, such rechniques are
unlikely to be effective. Even if actors share common aversions (an
assurance game), there will be eventual distributional squabbles —
perhaps in a second game — which, if actors rationally anticipate,
means that they will also be unwilling to engage in constructive
bargaining to resvlve the first casier problem. !
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EPISTEMICALLY INFORMED BARGAINING

Cooperation can also be understood in terms of knowledge. Schol-
ars who stress perceptions, cognitive processes and interpretive ap-
proaches to understanding international relations commonly stress
the role of ideas and knowledge in shaping the perceptions, beliefs,
expectations, and preferences of major actors.'® Such theorists ar-
gue that interests are often unknown, or incompletely specified.
Consensus about policy relevant understanding can contribute to
shaping regime patterns. Interests are identified subject to consen-
sual knowledge, and the decision to deploy state power is condi-
tioned similarly. Recently, it appears that such explanations have
growing utility, as an environmental regime pattern emerges, dri-
ven not only by state power, but by the application of scientific
understanding about ecological systems to the management of en-
vironmental policy issues with which decision makers are unfamil-
iar. The role of scientific or expert understanding in international
policy coordinarion is documented for security and economic is-
sues as well as environmental ones."”

Scientific knowledge may be best operationalized in terms of
epistemic communities. Consensual knowledge does not emerge
in isolation, but rather is created and spread by transnational net-
works of specialists. Under conditions of complex interdepen-
dence and generalized uncertainty specialists play a significant role
in attenuating such uncertainty for decision makers. Leaders and
politicians are typically poorly informed about the sources of pol-
lution, extent of contamination, interaction berween emissions
and water quality, costs of clean up, and likely actions of their
neighbors. Such conditions are particularly puzzling in technical
issues which possess low probability but high risk outcomes, and
in which specific state interests may be hazy.

Under such circumstances perceptions may be false, leaders
lack adequate information for informed choice, and traditional
search procedures and policy making heuristics are impossible. In-
formation is at 2 premium, and leaders look for those able to pro-
vide authoritative advice to attenuare such uncertainty, and either
consult them for policy advice and/or delegate responsibility to
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them. Subsequent discussions and policy debates are then in-
formed and bounded by the advice which leaders receive. Interna-
tional negotiations may then be viewed “as a process for reducing
uncertainty” as well as a process of deferring to specialists.?® Such
experts’ influence is subject to their ability to avoid widespread in-
ternal disagreement, and it persists through their ability to consoli-
dare political power by capturing important bureaucraric positions
in national administrations, from which they may persuade other
decision makers or usurp control over decision making,

Epistemic communities are networks of knowledge-based com-
munities with an authoritative claim to policy relevant knowledge
within their domain of expertise.2! Their members share knowl-
edge about the causation of social or physical phenomena in an
area for which they have a reputation for competence, and a com-
mon set of normative beliefs about what actions will benefic hu-
man welfare in such a domain. In particular, they are a group of
professionals, often from a number of different disciplines, who
share the following set of characteristics:

1. Shared consummatory values or principled beliefs. Such be-
liefs provide a value based rationale for social action of com-
munity members.

2. Shared causal beliefs or professional judgment. Such beliefs
provide analytic reasons and explanations of behavior, offer-
ing causal explanations for the multiple linkages berween
possible policy actions and desired outcomes.

3. Common notions of validity: intersubjective, internally de-
fined criteria for validating knowledge.

4. A common policy enterprise: a sct of practices associated
with a central set of problems which have to be tackled, pre-
sumably out of a conviction that human welfare will be en-
hanced as a consequence.

In environmental issues, many of these experts have been mem-
bers of an ecological epistemic community. Members of the epis-
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temic community which has dominated technical discussions in
environmental regimes have subscribed to holistic ecological be-
liefs about the need for policy coordination subject to ecosystemic
laws. Thus, they promote international environmental regimes
grounded on policies which offer coherent plans for the manage-
ment of entire ecosystems, sensitive to interactions between envi-
ronmental media (such as air and water), sources of pollution, and
contending uses of the common property resource, rather than be-
ing limited to more traditional policies for managing discrete ac-
tivities or physical resources within fairly short term time horizons.

Epistemic communities are likely to be found in substantive is-
sues where scientific disciplines have been applied to policy orient-
ed work and in countries with well established institutional capaci-
ties for administration, science and technology. Only governments
with such capacities would see the need for the technical skills
which epistemic community members command, and such pro-
fessionals would only be attracred to governmental service when
they believe that their policy enterprise can be advanced. Crises or
widely publicized shocks are probably necessary precipitants of en-
vironmental regime creation, but crises alone are insufficient o ex-
plain how, or which, collective responses to a perceived joint prob-
lem are likely to develop. Epistemic communiries help to idenrify
cause and effect relationships, elucidate linkages between prob-
lems, define the consulting state or organization’s interests, and
formulate policy. Learning will occur in the policy system as new
policy relevant knowledge is identified and applied to a common
problem.

When epistemic communities are widely spread, even in the
absence of leadership by a strong state, environmentally effective
regimes are possible. Environmental regimes in this instance emerge
through institutional bargaining. Regimes are most likely to be
created following widely publicized environmental disasters which
mobilize public and experts’ demands for governmental action.
Regime negotiation and maintenance would be characterized by
conference diplomacy, with many countries seeking to resolve
shared problems subject to the technical advice which they receive
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from their own experts, NGOs, transnational scientific networks
and from international organizations. Non-state actors play an im-
portant role, As epistemic communities obtain and consolidate in-
fluence in different governments, national preferences and policies
come to reflect the epistemic beliefs. International organization
secretariats can play a key role as sources of information and new
policy ideas, as well as buffering political differences between the
parties. In addition, epistemic communities have often been lodged
in international organizations such as the United Nations Environ-
ment Program (UNEP) and its Regional Seas Programme.

The negotiated regime would then reflect the causal and princi-
pled beliefs of the epistemic community. National positions would
vary according to the extent of penetration by epistemic commu-
nities, or the sensitivity of policies in that country to policies in a
country or internarional instirution already influenced by the epis-
temic community. In most cases this would make epistemic envi-
ronmental regimes more stringent and comprehensive than other
forms of environmental regimes due to the more sophisticated vi-
sion of ecological problems which ecological epistemic communi-
ties hold. These regimes will be regulatory and persist until the
epistemic community’s shared body of knowledge collapses or its
institutionalization declines. Both leaders and laggards might mod-
ify their policies in light of the new regime as a bandwagoning
process develops, leading to gradual, progressively increasing changes
in national policies to accommodate evolving scientific under-
standing of ecosystems. As with other patterns, anticipation of ma-
terial rewards from the regime (capacity building provisions, for
example) would also encourage states to comply with the regime.

Learning would reflect lessons imparted by the epistemic com-
munity. Policies and linkages may be quite sophisticated, reflecting
the quality of its beliefs. The extent to which such lessons are ac-
cepted and converted into new policies in different countries, as
well as regime compliance, are subject to the ability of members of
the epistemic community to occupy key bureaucratic slots and to
persuade others of their preferred policies. They may encourage
governments to undertake new patterns of economic development
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based on more complex and integrated visions of ecological inter-
actions, organize issues in novel ways, and make decision makers
aware of previously unrecognized possibilities for murual gain from
cooperation.

Learning in this context may be quite complex as policy makers
reflect on their objectives and recognize or appreciate new substan-
tive connections between issues previously regarded as distinct,
subject to an ecological understanding of global ecological dynamics
and a dawning recognition of extensive interplay between environ-
mental protection and other stare concerns. As such actors inter-
cede in policy making, they may change national attitudes towards
environmental protection, thereby overcoming the antipathy to
instirutional creation and internacional cooperation. New institu-
tions would be created by bargaining and the gradual insinuation
of such groups into international secretariats and national bureau-
cracies, rather than by state leadership.

The epistemic community pattern may well have differential
impacts on advanced industrialized and developing countries. Ad-
vanced industrial countries, with greater familiarity and ability to
evaluate external advice will be more likely to defer to transnation-
al scientific recommendations. Conversely, many developing coun-
tries are highly suspicious of technical advice and information
from abroad, and will only defer to scientific advice which is pro-
vided through domestic channels, The development of indigenous
scientific capability reinforces the authority of those scientists pro-
viding advice to decision makers.

COMPARISON OF MODELS

In policy terms, institutionalized cooperation conforming to the
Epistemically Informed Bargaining model is likely to generate more
desirable regimes for managing coastal seas than cooperation
which follows the Institutional Bargaining model, although both
are preferable to inaction. Such models can be assessed in terms of
their conformity to six broadly held and applied norms: (1) a
model’s likely contribution to ecological improvement; (2) the
economuic efficiency of the anticipated regime; (3) the range of po-
litical representation within the regime; (4) the level of equity in
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the regime’s provisions; (5) the potential for anticipatory action;
and (6) the regime’s flexibility or ability to promptly develop new
measures in response to changes in the policy environment (this
ensures that participants are not locked in to costly efforts should
their need be challenged). Thus, the models can be appraised in
terms of the general features of the regimes they anticipate, and
the degree to which the particular environmental policy attributes
of the regimes are likely to generate an effective set of arrange-
ments for the environmental protection of a common resource.
Not only should the environment be protected, it should be pro-
tected in a way which does nor seriously threaten other socieral
goals. The assessment of the two models in terms of these six enu-
merated norms appears in Figure 9.1.

Pragmatically, epistemic community models are more efficient
than institutional ones because they reflect existing political reali-
ties about the distribution and availability of technical environ-
mental information. Epistemic communities are naturally favored
by decision makers as sources of information and advice, and are
likely to be more widely invoked than the multiple, often poorly
organized and suspicious groups necessary for a fully specified in-
stitutional model to be effective. For those who regard environ-
mental threats as imminent, an epistemic community model is
likely to provide policy outputs which more accurately caprure the
nature of the environmental crisis. The epistemic community
models are likely to provide better environmental policy than in-
stitutional models because measures will be more closely calibrated
to ccosystem tealities, and more flexible because they are in tune
with consensual understanding of threats to particular ecosystems
and the capacity of these ecosystems to withstand such threats. In
addition, policy responses are far more likely to be prompt and an-
ticipatory rather than slow and reactive.

The assertion of the technical superiority of epistemically pro-
vided information requires support because the knowledge com-
ponent of the epistemic community’s claims are socially construct-
ed.?? However, the policy advice of the epistemic community is
likely to be better because it is not a direct expression of underly-
ing material interests and because it is more likely to be true than
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advice from other sources. Thus, it is more likely to obtain its de-
sired effect on the policy target. Unlike general political claims,
knowledge based claims are grounded on empirical verification
and a set of internally derived cruch tests. Their application and
subsequent learning may promotc ‘better’ policy because the knowl-
edge claims are relatively non-biased and have passed a consensus
test for truth.

Comparison of Models

ECOLOGICAL IMPACT: Epistemic community medels are more likely to
contribure direcdy to a sustainable level of ccological equilibrium than
are institutional models because the ecological epistemic community
members may directly apply consensual scientific understanding about
ccosystem dynamics to the policy process. Institutional models alone,
while open to scientific inputs, are constrained by the need 1o reach
political compromises amongst the participants, leading to lower levels
of ecological quality.

Economic EFFICIENCY: Other things being equal, ecological epistemic
communities should be better able to determine cconomically efficient
environmental measures than politicians negotiating through institu-
tional mechanisms. However, ecologists have often focused exclusively
on maximizing the environmental quality objectives identified by their
disciplinary orientation, as well as preferring regulatory instruments.
Economists, including the recent school of ecological economists, of-
ten argue that alternative policy instruments may provide more cost ef-
ficient ways of achieving environmental quality than reguladion. Insti-
tutional models may provide more efficient regimes than models of
epistemic communities composed solely of ecologists if institutional
representacion is sufficiently broad and there are institutional provi-
sions for the weighing of all approaches in such a way that least-ambi-
tious programs do not prevail. Tf the epistemic community is orga-
nized or mobilized more broadly, then the epistemic model may gener-
ate more efficient regimes.

PoLITICAL REPRESENTATION: Institutional models clearly provide for
fuller participation and representation of stakeholders in the management
of shared resources, atthough in practice many groups are excluded. The

Figure 9.1. Comparison of epistemic and institutional models.



Scientific Communities and Multiple Paths to Management + 207

Such evolutionary arguments accept that knowledge is socially
constructed, but contend that it cannot be entirely reduced to so-
cial influence external to the scientific community.”* Through care-
ful study of intellectual history it is possible to determine whether
the identification of consensually determined views occurred by
procedures which were acceptable to the majority of the involved
community — and hence regarded as valid judgments of veracity

epistemic community model privileges technocraric decision-making
models over more democratic and representative ones based on the ar-
gument that such measures are likely to generate regimes which are
more likely to improve environmental quality and which are likely to
persist beyond the short-term correlation of political forces giving rise
10 an institutionally-based regime. Over time, regimes designed by
ecological epistemic communities may become more representative as
a consequence of the community’s principled and causal beliefs that
the widespread inclusion of local participants contributes more
sources of information to a regime and may also contribuce 1o its
durability as more supporeers are artracted.

EquiTy: Insticutional models may generare more equitable regimes
which reflect the concerns of all parties because no one party can be
forced to unwillingly sustain undue costs once the regimes are adopted
and maintained through a process of voluntary compromise. Epis-
temic models may be equitable if the epistemic communiry values eq-

uity highly.

POTENTIAL FOR ANTICIPATORY ACTION: The involvement of an epis-
temic community in a regime is likely tu encourage anticipatory ac-
tion by providing a channel for timely environmental information
which would be processed much more slowly through an institutional
madel.

FLEXIBILITY: Epistemic community models would be more flexible
than institutional models because they are likely to be maore responsive
to current understandings of the physical environment. Consequently,
because policy is based on consensual knowledge rather than on politi-
cal compromise it will be easier to modify past choices in light of new
information and understanding.

Figure 9.1, continued.
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according to the consensus theory of truth — or whether they re-
flect the introduction of fundamental bias and distortion. Recent
reconstructions of the development of plate tectonics, for instance,
demonstrate that scientific understanding can progress without
being significantly distorted by external social, cultural or political
influences.?* An evolurionary approach does not demolish the truth
claims of experts; it scrutinizes the process by which knowledge
claims are created and applied. Concretely, the commitments of
the epistemic community to truth tests and che degree w which
members specific knowledge base conforms to these criteria must
be identified through interviews and studies of specialized publica-
tions of technical advisors before their entry into policy making.

Contrary to more general criticisms of the vulnerability of the
broader scientific community to political capture and influence,
epistemic communities, because of their shared cognitive bonds,
are more immune to temptations to temper their beliefs. It is com-
mon practice for scientific advice to be subsumed by the political
interests of dominant groups or to the bureaucratic exigencies of
an institution which may have solicited such advice.”® The internal
belief system of the epistemic communiry, members’ socialized
faith in ir, and their willingness to subscribe to a code of cruth-
tests would presumably counterbalance pressures to temper advice
to the needs of soliciting institutions. To some extent these bonds
create a common sense of community, identity, and belief which
community members will not easily reject. Subsequent bureaucrat-
ic infiltration and influence by community members could also
compensate for institutional pressures to ignore or distort com-
munity positions.

Episternic community models remain elitist models of decision
making. They favor a small group of technically (and technocrati-
cally) rrained individuals who do not speak for all stakeholders in
environmental conflicts. Since the late nineteenth century such
individuals have been systematically conferred authority by the
modern bureaucratic state out of an overarching and historically
grounded faith in the application of scientific knowledge and engi-
neering to the management of human affairs (founded in part dur-
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ing the Enlightenment as a reaction to autocratic government
based on aristocratic privilege and capricious policy based on reli-
gious faith), as well as an instrumental affinity between the social
application of these disciplines and the acquisition of prosperity
and welfare in modern industrialized societies, on one hand, and
berween a complex modern administrative state and the provision
of advice which is expedient for governance. Originating in West-
ern Europe, these beliefs spread worldwide and are now part of the
globalization of international relations.?®

EXPERIENCE IN THE MEDITERRANEAN

Efforts have been underway since the early 1970s to protect the
Mediterranean and the North Seas from pollution. The experi-
ences vary in ways the two models would predict. An epistemic
community was involved in managing the Mediterranean, and the
Mediterranean regime closely follows the epistemically informed
bargaining model. The North Sea, in the absence of an epistemic
community, progressed from a least-ambitious program to an in-
stirutional bargaining model. The Mediterranean is widely regarded
as one of the more effective collective efforts to manage a regional
sea.

It is estimared that annually 350 million tonnes of solid materi-
al, including about 800,000 tonnes of nitrogen, 500,000 tonnes
of hydrocarbons, 320,000 tonnes of phosphorous, 90 tonnes of
pesticides, 60,000 tonnes of detergents, 21,000 tonnes of zinc, 100
tonnes of mercury, 3,800 ronnes of lead, 2,400 tonnes of chromi-
um, 12,000 tonnes of phenols, 2,500,000 tonnes of organic mater-
ial, as well as 2,540 Ci/a of radioactive materials flow into the Sea
from human sources.?’

The regime was established in 1975, with the adoption of the
Mediterranean Action Plan, and grew in stringency and scope. In
1976 the umbrella Batcelona Convention was signed, as well as
protocols banning dumping of wastes at sea and organizing coop-
eration in cases of oil spill emergencies. In 1980 a protocol was
signed which regulates land-based sources of pollution; banning
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emissions of a set of widely used toxic compounds, and requiring
common standards for the emissions of a broader ser of less roxic
materials. In 1982 a protocol for specially protected areas was
adopted and, in 1993, the parties called for the complete elimina-
tion by 2005 of all “toxic, persistent and bioaccumultaive sub-
stances directly and indirectly discharged into the Medirerra-
nean...with priority given to organohalogens.”*® All treaties rapid-
ly entered into force. Control measures for 12 pollutants or groups
of pollutants have been adopted since 1985, and efforts are under-
way to develop common standards for all substances in the 1980
protocol.

Coordinated research and monitoring activities have been
sponsored by UNEP since 1976, involving the training of hun-
dreds of North African scientists and technicians and the provision
of new labaratory equipment. A Regional Coordinating Unit was
established in Athens in 1982, which now has a biannual budget
of 13.2 million dollars. A Regional Oil Combating Center was set
up in Malta in 1976. An integrated planning unit was established
in 1977 in France to generate prospective models of regional
growth trajectories, called the Blue Plan, and to encourage more
comprehensive views of economic planning. A Priority Action
Programme was established in 1979 in Yugoslavia to study more
concrete projects of immediate interest to the developing coun-
tries, including soil protection, water resource management, fish-
eries and aquaculture management, human secdements, tourism,
and ‘soft’ energy technologies. A Coastal Areas Management Pro-
gram was established in 1990 to promote development planning
in accordance with local environmental conditions. A center for
dealing with specially protected areas was established in Tunis in
1985.

This vibrant regime is scen by well regarded local scientists as
reversing the decline of Mediterranean water quality. The Mediter-
ranean is probably no dirtier than it was 20 years ago, despite a
doubling of the coastal concentration of industry and population.
Originally designed to control discrete sources of pollution, by
1990 the regime aimed to encourage more comprehensive coastal
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zone management. Following the elaboration of the regime, many
national pollution control efforts progressed as well, including
construction of sewage treatment plants, new environmental legis-
lation, application of environmental impact assessment type pro-
cedures to economic planning in five countries, and the introduc-
tion of measures that modify existing environmental standards
and techniques to control the broader list of substances in the
Med Plan.?

From 1970 to 1975 France was the regionally predominant
power within the regime. [t controlled a large proportion of the
trade affected by environmental regulations, had the most devel-
oped marine science capability, had a strong reputation for diplo-
macy, and regarded the Mediterranean as a region in which French
foreign policy should hold sway. Preparations for the 1972 United
Narions Conference on the Human Environment {(UNCHE) alert-
ed government officials to the new issue of the environment, and
Jacques Cousteau sounded public alarms about the impending
“death” of the Sea. Yet decision makers were highly uncertain about
their possible range of action. They lacked specific information
abour the extent of contamination, its causes, and the Sea’s ability
1o sustain pollution, as well as about the range of possible policy re-
sponses. National Fisheries Directors approached the General Fish-
eries Commission of the Mediterranean to collect information
abour the causes and extent of marine pollution in the Mediter-
ranean, and to draft a treaty for regional protection. The FAO de-
livered an interim report in 1972 demonstrating that pollution was
fairly extensive, and required immediate action.

France convened a conference in 1972 to promote a regional
convention to control oil spills which resembled extant French
policy commitments. However, many developing countries were
suspicious of French motivarions, and, together wich ltaly and
Spain, deputized UNEP in 1974 to direct efforts on a draft treaty
and regional action plan. The French government consistently op-
posed including substances or policy instruments in the regime
which did not mirror existing French programs, although France
was ultimately unable to unilaterally determine the regime. In the
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absence of an epistemic commurity and with regime power con-
centrated in France, litde learning occurred during this period, as
information on regional pollution was scarce. Few states had yet
established national auchorities with regularory responsibilities,
and only France, Israel, and Yugoslavia adopted even general ma-
rine pollution control laws for oil and dumping. The environment
remained isolated from other political issues of regional concern.

French regional dominance persisted until 1980, but the Med
Plan’s second phase, 1975-1980, was distinguished by the mobi-
lization of a regional ecological epistemic community. France was
the primary source of funding for Med Plan activities, and strong-
ly pressed its preferences at international meetings. While France
maintined a predominant share of tangible power resources, it
was unable to compel others to its preferred policies, and ultimate-
ly made concessions to others at negotiations. French effores at
control were stymied by the UNEP secretariat’s refusal of French
offers to unilaterally conduct monitoring, draft treaties, and house
the headquarters. Instead, the secrerariat drafted documents en-
dorsing the control of a broader range of pollutants than France
preferred as well as supporting monitoring and research in other
countries, Developing countries were subsequently much more
willing to participate in and support regional talks held under
UNEP's auspices. The Land Based Sources Protocol evenrually
covered radioisotope emissions and pollution transmitted rhrough
rivers and the atmosphere, over French and lralian objections.
While the quality of regional marine science was surely not as high
as that done in France, expanding scientific parricipation served
the political function of expanding the constituency for pollution
control.

UNEP’s leadership efforts were conditioned by a regional eco-
logical epistemic community. By 1975 UNEP had obtained con-
trol over drafting procedures from the FAQO, and proceeded to de-
velop a more comprehensive set of policy proposals than the FAO
had anticipated. UNEP was staffed much more heavily with ecolo-
gists, and the officials responsible for the Mediterranean were
members of the ecological epistemic community. They hoped to
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develop comprehensive regional measures for promoting environ-
mentally sensitive styles of economic development. The members
came from a variety of professional backgrounds — engineering,
marine science, and law — but all were enamored with the holistic
policy philosophy emerging out of UNCHE and galvanized into a
common policy enterprise of protecting the environment. They
wanted to control a broad range of Mediterranean pollution
sources, and incorporate environmental considerations into na-
tional economic planning.

Through a consulting mission for UNEP in 1974 and 1975
Stjepan Keckes, a Yugoslavian oceanographer, became familiar
with most of the major Mediterranean marine scientists. The epis-
temic community already existed in the region; Keckes set out 1o
mobilize it through continued involvement in the collective nego-
tiations, by financially supporting monitoring and research, and
by disseminating its findings regionally. Through UNEP, this
community was mobilized and involved in regional discussions af-
ter 1976. Marine scientists worked in many national laboratories
throughout the region, but lacked access to their national adminis-
trations.

The epistemic communirty’s influence was gradually felt on the
negotiations through a deliberate UNEP strategy of concurrent
environmental assessment and environmental management. Re-
search on environmental quality occurred while regime negotia-
tions were being conducted. Thus, the scientists involved in the re-
search had improved access to policy makers, and the negotiations
were forced to take note of ongoing improvements in technical
understanding about the sources and extent of pollution. More-
over, as many of the littoral countries established new environ-
mental ministries or environmental protection agencies, members
of the epistemic community were hired to staff these new bedies;
in part because few professionals had the relevant experience, and
because their professional profile had been enhanced through
UNEP’s monitoring programs. By providing such resources,
UNEP deepened its transnational bond with the region’s marine
scientists beyond a shared concern about regional pollurion. Even
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those who did not share UNEP’s holistic vision, did support the
control of specific substances with which they were familiar. Key
environmental policy posts in Israel and Greece were already filled
by people sympathetic to UNEP’s cause, and believed, like UNEP,
in the need for coherent, ecologically sound regional development.
Through its sciencific and monitoring programs UNEP also
helped to train and equip more marine scientists to help bolster
membership in the ecological epistemic community.

While France remained dominant, it did not prevail in all of its
objectives. The regime’s substance was regularory; banning the use
of nine proscribed groups of substances and establishing limits and
permit setting procedures on the use of thirteen other groups. The
actual substances covered reflected the shared understanding of the
epistemic community about potential threats to the environment,
which was well in excess of the more limited desires expressed by
all individual countries. National policy learning also occurred
during this phase. Istael, Greece, Algeria, and Spain converted co-
ordinative environmental agencies into regulatory authorities, and
Greece, Libya, and Morocco adopted new legislation governing oil
pollution and marine dumping. Linkages remained weak though,
as only France adopted legislation requiring environmental impact
assessments for new development projects. Participating states be-
gan to consider the linkages between national development activi-
ties, population growth, and environmental quality through Med
Plan projects such as the Blue Plan, but during this period few
countries other than France expressed strong interest in the pro-
jects or their conceptual base.

By the early 1980s much of France’s dominance had passed, as
the North African states were able to diversify their trade depen-
dence from France to the EC and acquire a much greater marine
science capability. The regime persisted, as it became self-funding
through annual governmental contributions which were propor-
tional to their United Nations assessments. A new protocol estab-
lishing marine protected zones for endangered species was adopted
in 1982, wwelve contro! measures were adopted for previously tar-
geted pollutancs, the parties called for a reorientation from pollu-
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tion control to coastal zone management in 1985, and a more
comprehensive coastal zone management program was established
in 1990 to help governments plan for non-environmentally de-
structive coastal zone developments. Administered by an interna-
tional secretariar based in Yugoslavia, the Coastal Areas Manage-
ment Program reflects the institutionalization of epistemic com-
munity members as well as their beliefs in the Med Plan’s organi-
zational mandate. Its focus follows naturally from the comprehen-
sive scope of the Med Plan, and was approved and developed de-
spite severe budgetary shortfalls for the regime as a whole *®

The regime was largely maintained and modified through a
process of epistemically informed bargaining. It continued to de-
velop according to the routinized insticutional procedures and
rules laid out in the Mediterranean Action Plan. While countries
continued to engage in institutional bargaining to develop joint
measures, national policy making was increasingly shaped by the
epistemic community. Its members drafted national policics and,
while on delegations, encouraged officials from foreign ministries
to endorse UNEP’s efforts for more stringent controls. Over time
most countries introduced more stringent environmental protec-
tion measures, and supported the development of universal regula-
tory standards for specific polluting substances.

The Med Plan remained significant for both leaders and lag-
gards (defined in terms of the stringency of their national policies).
Countries in which the epistemic community consolidated its in-
fluence moved toward convergent policies. The effectiveness of the
regime is not due entirely to the provision of capacity building
equipment and craining, as Institutionalists suggest. Countries
such as Algeria and Egypt did not come to support the Med Plan
until their governments received advice from domestic scientists
that coastal pollution was an environmental hazard, even though
they had been receiving capacity building assistance from UNEP
and other international organizations for several years. The region-
al leader, France, wound up improving its marine pollution con-
trol efforts in accordance with the Med Plan. It also continued ro
financially and diplomatically support the regime throughout the
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1980s. In France and Italy many Mediterranean pollution control
efforts preceded the Med Plan, but trajectories of public activity
rose following its creation. In each country rates of environmental
investment and public enforcement of existing measures grew
more vigorous in the late 1970s (for France) and late 1980s (for
Italy).

The laggards also improved their environmental protection ef-
fores in light of the Med Plan. Greece, Algeria, and Egypt em-
barked on new administrative campaigns to integrate environmen-
tal considerations into traditional coastal zone development and
economic planning. Similar shifts are evident in Israel and Spain,
although the data are less thorough. Algeria and Egypt adopted
more comprehensive environmental policies. Following their par-
ticipation in Med Plan discussions and the epistemic community’s
capture of key environmental policy units within their national
administrations, policy reversals occurred in both of these coun-
tries in the early 1980s. Algeria strengthened the legal standing of
its environmental agency, and passed a sweeping environmental
protection law in 1983, requiring environmenral impact assess-
ments on new projects. While state infrastructure and capacity to
implement such measures remain weak, the legal changes are
nonetheless dramatic. Egypr also strengthened the environmental
ministry in 1982, and applied more stringent domestic environ-
mental policies in 1983.

Movement since 1990 has been slow, due to the inability of
many of the developing countties to actively enforce the measures.
The absence of major financial resources and a wotldwide reces-
sion makes enforcement difficult. In April 1992 the World Bank
and Buropean Community announced a new program to promote
sustainable development in Mediterranean countries. The division
of institurional responsibilities berween the Med Plan Regional
Coordinating Unit and other organizations is still being worked
out, bur such an institutional shift may overcome financial bottle-
necks which inhibit the North African countries from fully imple-
menting projects to enforce their Med Plan obligations.
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THE NORTH SEA™!

Since the early 1970s, countries bordering the North Sea have
tried to coordinate their policies to control marine pollution. Con-
cern was initially triggered by the 1967 Torrey Canyon tanker spill
and the 1971 meanderings of the Dutch coastal freighter Stella
Maris as five North Sea governments refused to allow it to dump
its load of chlorinated hydrocarbons in their waters. The Oslo
Commission was established in 1974 to administer the 1972 Con-
vention for the Prevention of Marine Pollution by Dumping from
Ships and Aircraft, and the Paris Commission was established in
1978 to administer the 1974 Protocol to Control land-based
sources of pollution in the North Sea. Regular Ministerial Confer-
ences on the North Sea met in 1984, 1987, and 1990. Since 1978,
fifty-eight decisions, recommendations, and agreements have been
adopted for the North Sea. From 1978-1987 only six Paris Com-
mission decisions were legally binding (adopted unanimously)
while eight binding decisions were taken from 1987 to 1992.** In
1981 the North Sea received 3 million tonnes of industrial waste,
96 million tonnes of dredging material, and 5 million tonnes of
mud from purification plants.?> Current estimates reveal reduc-
tions in the volume of industrial wastes and titanium dioxide
dumped in the North Sea. Total oil discharges from offshore in-
stallations have declined as well.

Until 1987 these measures were developed and applied on a
substance-by-substance basis, leading 1o a disorganized and inco-
herent set of policy efforts. Some substances were regulated ac-
cording to common emission standards and others by common
ambient standards. Although the approach reflected scientific con-
sensus about environmental capacity, it was slow and unwieldy.
Moreover, because they received little public scrutiny and were
subject to pressure from industries, many decisions were delayed
or metely reflected a least ambitious program approach which was
acceptable to the most recalcitrant government on any particular
substance. Since 1987 institutional change has contributed to in-
creased enforcement of environmental protection. Following the
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establishment of the Ministerial Conferences and the spread of en-
vironmental concern in the region, international efforts became
more vibrant and stringent through an institutional bargaining ap-
proach. At the Third Ministerial Conference in 1990 Environ-
ment Ministers approved across the board reductions of 50 per-
cent by 1995 from 1985 levels for 37 significant poliutants, and
70 percent reductions for dioxin, mercury, cadmium and lead
emissions. The 70 percent figure was a compromise between the
countries with ambitious domestic programs who desired cuts of
up to 90 percent and those with less vigorous policies who sought
only 50 percent cuts. The list and dates were also reached by com-
promise.

Because the institutions amplified and reflected domestic envi-
ronmental concern, many countries have accelerated or broadened
national programs for pollution control. Combined with mount-
ing domestic environmental concern, the high profile North Sea
Ministerial Conferences made it difficult for environmental minis-
ters from laggard countries to oppose environmental measures by
leader countries. Ministers also adopted a Memorandum of Un-
derstanding to protect small cetaceans in the North Sea which, in
1991, led the parties to adopt a weak agreement. The current
weakness reflects Norway's efforts to protect its fishery interests in
the region. Technical and process engincering lessons for specific
industries have been circulated around the region as a consequence
of meetings convened by leader countries to educate others about
best available rechnologies.

COMPARING CASES AND DRAWING CONCLUSIONS

In the Mediterrancan, national and institutional learning has been
fairly comprehensive since 1980, reflecting the epistemic commu-
nity’s causal beliefs in linkages between environment and econom-
ic development which many of the region’s governments have ac-
knowledged. During the 1980s most countries adopted stronger
domestic environmental standards for marine pollution, and envi-
ronmental concerns were increasingly linked to other concerns,
both domestically and internationally. Domestically, environmen-
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tal impact assessments were required in Israel, Greece, Algeria, and
Egypt. Internationally, most states became more active in UNEPD
projects with integrated planning and alternatives to coastal devel-
opment which threatened marine quality, and endorsed new pro-
jects for comprehensive coastal zone management and sustainable
development.

These new policies reflect the broader concerns of the ecologi-
cal epistemic community, involving more comprehensive coverage
of pollution sources, and developing more comprehensive plan-
ning procedures to harmonize state developmental and environ-
mental objectives. While some governments have borrowed stan-
dards from the United States EPA or the World Health Organiza-
tion, the need for such emulation was prompted by their mem-
bers, and the information was transmitted through the epistemic
community necwork. In other countries members of the epistemic
community were responsible for finding the figures elsewhere and
applying them in the countries where they were responsible for
formulating and enforcing environmental policy.

Evidence from the Med Plan suggests that insights from each
of the approaches are useful for understanding regime patterns.
The first phase was largely one of institutional bargaining, with
leadership exercised by UNEDP, as predicted and explained by Insti-
tutionalists. The French failure to control the regime, despite un-
patalleled control over resources, challenges Neorealist explana-
tions grounded solely on the distribution of power.** The second
and third phases were periods of epistemically informed bargain-
ing. France continued to support the regime even after its domi-
nance had receded, contrary to Neorealist expectations. The num-
ber of substances controlled by the regime is larger than the mere
summation of the concerns of individual countries, contrary to In-
stitutionalist predictions. Moreover, the regulatory nature persisted
despite the diffusion of power. Compliance by both the leaders
and laggards has continued, contrary to the expecrations of ana-
lysts based on the international distribution of power. Due to the
absence of national resources to fully implement national obliga-
tions, the full effectiveness of the regime is less than expected
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based solely on the influence of the epistemic community, how-
ever.

Most striking is the rapid strengthening of the regime over
twenty years. The evolving regime reflects the altered preferences
of the large number of countries in which the epistemic communi-
ty successfully consolidated bureaucratic power. Knowledge about
the behavior of ecosystems, as imparted by the epistemic commu-
nity, led states to change their preferences for types of environ-
mental protection. As epistemic community members acquired
bureaucratic power, they persuaded colleagues of the need for
more sweeping national environmental policies and support for
coordinated region-wide measures. As the number of countries in
which it held influence grew, support for a more comprehensive
regime grew as well. Changes in national preferences reflecting
more stringent environmental demands occurred during a period
of declining systemic concentration of power. The regime’s com-
prehensiveness, successfully imparted despite the opposition of
France and a number of developing countries to specific elements,
clearly reflects the holistic beliefs of the epistemic community.

A focus on epistemic communities provides the final benefit of
endogenizing knowledge based sources of regime change. As a
consequence of the regime’s activitics, new sources of information
and new actors became available to states for the articulation of in-
formation relevant to the regime’s policy domain. The ecological
epistemic communiry was initially found in just a few organiza-
tions: Israel, Greece, and UNEDP A weak regime was established
through a combination of the epistemic community’s influence on
its own governments (through diplomatic efforts), through UNEP’s
organizational actions and regular international bargaining. Once
established, the regime helped to identify members of the ecologi-
cal epistemic community as authoritative sources of information
about environmental protection, and helped to strengthen devel-
oping countries’ scientific capacity, thus deepening epistemic com-
munity members’ domestic power base, as well as providing insti-
tutional incentives for these countries to support the regime,

As epistemic community members consolidated their influence
in their respective governments during this later phase, most no-
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tably in Egypt and Algeria, their governments came ro adope
stronger domestic marine pollution control measures, and to sup-
port a more stringent and comprehensive regime. As a sufficiendy
large power bloc was amassed in the region, the epistemically in-
fluenced governments and UNEP were able to press for a more
comprehensive regime which reflected their own policy prefer-
ences. Through this political process the shared understanding of
the ecological epistemic communiry abourt the way ecosystems op-
crate was introduced to regional environmental policy making,
and institutional learning occurred through the intercession of the
ecological epistemic community. The regime’s rules became
stronger and more sophisticated, and also linked to rules about
economic development.

Epistemic communities alone do not fully explain regime pat-
terns. Qutcomes are clearly the result of power exercised by parties
on behalf of the ideas and preferences imparted by the epistemic
communiry. Institutional resources are also important for an effec-
tive regime. Yet, without heeding the knowledge controlled and
transmitted by the epistemic community the analyst is unable to
capture the change over time in the regime’s substance, strength
and effectiveness. Learning is a critical process by which regime
patterns change over time, and epistemic communities are impor-
tant actors for shaping what learning occurs and molding the path
by which regimes evolve. To a large extent the epistemic commu-
nity’s influence is irreversible, as its involvement in the region’s in-
stiturions, both in national administrations and on the Med Plan
secretariat, will persist unless there is a full-scale purge — and even
then their policies would likely endure due to various established
patterns of behavior they have induced in domestic industries.

Different regime models yield different patterns of environ-
mental cooperation. Action in both regions was precipitated by
well publicized environmental crises but subsequent responses di-
verged. While in the Mediterranean policies were driven by epis-
remic consensus and learning occurred, the North Sea trajectory
was very different. In the absence of an epistemic community, but
with strong institutional pressures, collective measures following
the 1987 North Sea Ministerial Conference reflected domestic en-
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vironmental pressures. Across the board emission standards were
invoked for a wide array of pollutants, counter to any scientific
understanding about desirable limits, equity concerns for the rela-
tive responsibilities of different countries or economic efficiency
concerns of setting such high reduction goals. The agenda was also
set by public fears and media representations: measures to protect
dolphins and porpoises came in response to Greenpeace claims
that observed deaths were the consequence of marine pollution de-
spite less categorical medical and biological evidence suggesting a
virus as the immediate cause. The stringency and scope of the
regime corresponded to pressing political demands. Effectiveness is
mixed, varying by the degree of domestic environmental concern.
The regime has grown in strength from its inception, but its per-
sistence is solely a function of the continuation of strong domestic
environmental concern to which the environmental ministers re-
spond. In the absence of such domestic pressures — and environ-
mentalism may be a faddish movement — the incentives for
regime compliance and persistence evaporate. Learning in the
North Sea has been limited to the exchange of specitic lessons
about industrial procedures for managing specific pollutants.

In short, the Mediterranean experience since the late 1970s is
consistent with the Epistemically Informed Bargaining model
while that of the North Sea, due to the absence of an epistemic
community in the area and the lack of consensus about the magni-
tude and sources of environmental threats, is consistent with the
Insticutional Bargaining model. The first well regarded systematic
summary of North Sea environmental conditions was not released
until 1987, and the North Sea Task Force has only recently at-
tempted to organize regional marine scientists into a concerted
study of the sea’s health.??

To some extent the absence of a transnational network of like-
minded marine scientists in the North Sea appears surprising, giv-
en the high scientific competence of the delineating countries and
the substantial regional experience with unilateral and collective
efforts to manage technical issues. Yet scientists play only a minor
role in the region; virtually no informal policy nerworks exist.
Quuside of Scandinavia, most applied marine science in the region
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is conducted 1n government laboratories, rather than in universi-
ties or independent laboratories. There is no potential for the cre-
ation of a community of interest independent of institutional mis-
sions. When governments assign experts to international working
groups, the scientists are generally chosen from these government
bodies and are accountable to the responsible ministry. The Inter-
national Council for the Exploration of the Seas (ICES) was un-
able to play a significant role in negotiations due to its overarching
fisheries mandate, lack of secretariat autonomy and general subor-
dination to the will of the member governments. Unlike the
Mediterranean case, there is a longer historical pattern of state su-
pervision over science in Northern Europe, thus discouraging the
mobilization and professional participation of the scientific com-
munity in international policy making, as well as inhibiting any
formation of collective identity on the part of the region’s marine
scientific community.

Environmental management of coastal seas appears to vary by a
regions’ political characteristics. Withourt the involvement of an
epistemic community, efforts are likely to be driven by domestic
political currents. They will follow well publicized disasters more
quickly than the epistemic model because of the possibility for
sidestepping bureaucratic channels, be limited to well publicized
environmental threats, stress across the board pollution cuts and
they are likely to impose changes for industry if there is powerful
domestic polirical support for environmental protection. In the
absence of domestic political support collective efforts will simply
confirm status quo measures. Even so, some laggard countries may
stiffen their regulations to emulate countries with stronger envi-
ronmental regulations. With the participation of epistemic com-
munities, policy styles will be more technical, reflecting consensual
scientific understanding of ecosystem behavior and carrying capac-
ity. Efforts informed by epistemic communities are likely to be
more enduring than institutionally generated ones, as institutions
covary with fickle political currents while epistemic communities
are likely to create more enduring organizational routines within
administrative unics responsible for environmental management
where they can consolidate bureaucratic power. Epistemically cre-
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ated regimes are likely to be more economically efficient than in-
stitutional ones because of the nature of the those communities
which acrually receive governmental attention; however such regimes
may be less easily enforced.

Some effort can be taken to identify and mobilize epistemic
communities in order to expand their influence. Epistemic commu-
nities can be fostered by international institutions, as UNEP has
done in its Regional Seas Programme. Regional institutions should
be encouraged to foster the development of epistemic communi-
ties through enhancing regional marine science cooperation. In ar-
eas where epistemic communities may already exit, institutions
should be encouraged to mobilize their participation and include
them in decision making. The inclusion of epistemic communities
in regional environmental institutions may broaden the substan-
tive base of the regime and enhance its longevity.
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Compelling Knowledge in
Public Decisions

SHEILA JASANOFF

As if revealing the world in a grain of sand, the widely cited phrase
“speaking truth to power” conjures up a tightly-knit universe of as-
sumptions about the proper relationship of science to social order.!
Predicated on an unswervingly realist view of the nature of scien-
tific knowledge, this curiously impersonal phrase implies that truths
about the natural world arise without meaningful human agency
or intervention, in an autonomous domain of endeavor thar is
cleanly separated from the uses of political power. Facts, the resules
of scientific inquiry, are assumed in this standard account of sci-
ence in public policy to be distinct from values, which are seen as
the primary medium of exchange in the political realm. Values are
thought to play no significant role in the creation of scientific
facts. Realists believe that productive discussion of norms and val-
ues stops at the point where public choices come to depend on
chiefly on experts’ objective assessments of the facts.” By exten-
sion, it is the duty of expert policy advisers to bring facts to bear
on the processes of political evaluarion and judgment, and so tw
keep public actions from falling prey to passion and irrationality.
Historically, the realist account of the science—policy relarion-
ship was grounded in two well-established strands of scholarship:

229
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logical positivism in philosophy and, in postwar sociology of sci-
ence, a perspective that associated scientific activities with special
normative commitments designed to promote objectivity. Robert
Merton’s work, which coupled science uniquely with the norms of
communalism, universalism, disinterestedness, and organized
skepticism, framed the public rhetorical posture not only of scien-
tists themselves, but also of policymakers who increasingly turned
to science for legitimation of complex social choices.? It was com-
forting to imagine a neutral space from which scientists could ob-
jectively influence political outcomes because of their privileged
ability to describe present realities and predict plausible futures.
More recently, howevet, theotetical and empirical investigations of
science policy have begun to question the boundaries that were so
easily raken for granted by mid-century writers on science and the
state. In this chapter I present two important competitors to the
standard account of the science-policy relationship and argue that
a more complex formulation, combining elements of both, is
needed to explain the patterns and outcomes of policymaking
based on science, and, incteasingly, on scientific uncertainty.

One point of departure is the radically relativist critique of the
standard account that emerges from studies of technological and
environmental controversies over the past quarter century. Science
has come to be seen in this line of research as chronically incapable
of rationalizing policy because outcomes are always determined by
social relations, such as the competing values of political actors.
Scientific knowledge serves only to underpin particular group or
class interests, lending them the appearance of objectivity, even
though each side’s claims of knowledge are thoroughly contingent
on the purposes for which they were produced. Scientists them-
selves are often characterized as a captive resource in the political
arena, available to be mobilized in the service of other actors.?
Since interests shape the framing and resolution of issues, includ-
ing the conduct of scientific research, science contributes no inde-
pendent direction to the policy discourse. At best, one side or the
other in a policy debate gains temporary advantage by claiming ac-
cess to superior knowledge, but such gains arc eventually wiped
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out as the opposing side learns to generate competing and equally
authoritative scientific claims.

Growing scholarly interest in transnational policy debates has
given rise to a rather different account, which also seeks to avoid
the pitfalls of scientific realism. In this account, which I call med;-
ated realism, science continues to be seen as the repository of a dis-
tinctive form of knowledge with the power to compel political ac-
tion, but this approach incorporates the recognition that policy
decisions are always made under conditions of imperfect knowl-
edge and polirical contestation. Under these circumstances, it is
difficult to demonstrate that actors agrec to policy choices because
they are persuaded by irrefutable scientific claims. Instead of fo-
cusing on the fruth of scientific ideas, therefore, the advocates of
mediated realism emphasize the role of expert groups — often
termed “epistemic communities” — in producing authoritative in-
terpretations of scientific evidence. Scientists are seen in the litera-
ture on epistemic communities as critically important players in
decisionmaking, particularly in the context of international envir-
onmental regimes.’ It is their communal work of consensus build-
ing that gives scientific knowledge and beliefs the power to cross
political boundaries and influence policy; scientific accounts of re-
ality must, in other words, be mediated by scientists in order to
command general political assent. Yet, relatively little attention has
been paid to the means by which scientific communities secure ei-
ther their internal cohesion or their authoritative positions in the
policy process. Most of the work on these coalitions uncritically
assumes that they are held rogether by nothing more than their
shared consensual understandings about the natural world.

While avoiding the naive simplicities of the standard account,
neither radical relativism nor mediated realism have proved able to
capture the complexity of science’s place in the formation of envi-
ronmental policy. By denying the independent authority of sci-
ence, the radically relativist view founders against cases where
scientific findings appear to have reframed policy agendas, redi-
rected the focus of debate, and even closed ongoing controversies.
By conurast, the focus on cpistemic communities fails to explain
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how groups of experts can overcome the resistances of politics and
culture to impose a commanding vision of political action on
skeptical policy audiences. Missing from the science policy litera-
tutre are convincingly elaborared accounts of the processes by which
locally contingent or contested knowledge wins the assent of wider
communities and is taken up into political decisions.

The central argument of this chapter is that, in order to influ-
ence public policy, science must achieve moral as well as epistemo-
logical authority — indeed, that the latter cannot be artained ex-
cept in conjunction with the former. For scientific claims to carry
weight in the policy arena, they must be harmonized with prevail-
ing frameworks for legitimating polirical action; put differently,
scientific discourse and political discourse must be brought into a
mutually sustaining relationship. Ir follows from this analysis that
neither science nor scientists can be counted on to resolve scientific
uncertainty on their own. Uncertainty abour facts in the political
arena is almost inevitably a product of social as well as scientific in-
determinacy. At best, then, scientists can work with other social
aCTors 10 repaty uncertainty.

Using examples from U.S. environmental decisionmaking, [ il-
lustrate three pathways by which the repair of scientific uncertain-
ty may come about in the American political context: scientific
ideas may prove influential because they (1) converge with prevail-
ing culeural ideas about responsibiliry and faulr; (2) support politi-
cally accepted forms of discourse and reasoning; or (3) are rarified
by communities that have established, within well-defined bound-
aries, a privileged right to formulate policy. I conclude by speculat-
ing on how science may acquire similar prescriptive power even
when policy issues cut across the culwural and political divisions
among nation states, as they do in international environmental
regimes.

THE PROBLEM OF RELATIVISM

Controversies about environmental issues multiplied in America
during the 1970s, posing serious challenges to the realist view of
science as an impersonal force “speaking truth to power” On a
host of issues from nuclear power to hazardous waste disposal, sci-
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ence proved incapable of mustering a unified consensus as to whart
counts as truth. Instead, knowledge claims frequently fracrured
along lines of political interest. Thus, on the basis of scientific evi-
dence, the nuclear industry argued that it was possible to store
high-level radioactive wastes over long periods of time with mini-
mal risk to populations or ecosystems. The chemical industry ve-
hemently contested the claims that chemical herbicides such as
DDT or 2,4,5-T presented setious risks to health or, subsequently,
that bio-engineered products posed long-term threats to ecological
sustainability. The building industry evaluated the threats of as-
bestos and formaldehyde-based insulation materials as too small
for regulatory concern. In each case, environmental and consumer
groups disagreed with industry’s assessments and foughr successtul
battles to translate their countervailing perceptions into tough reg-
ulatory mandates. Both sides in this way ded their political agen-
das to expert assessments, although they extracted from the same
scientific studies vastly different estimates of risk to health and the
environment.

Troubled by their failure to close these spiraling rechno-politi-
cal debates, scientists sought refuge in explanations that attributed
all conflicts to uncertainty, that is, to lack of sufficient knowledge.
Alvin Weinberg’s assertion thar there are scientific questions which
science cannot answer struck a deeply responsive chord with fellow
scientists.® By committing contested issues to a region labeled trans-
science, Weinberg and his followers kept alive the realist convic-
tion that science, when propetly interrogated, remains capable of
delivering definitive conclusions. Special decision rules are needed
only in those trans-scientific situations where scientists cannot
reasonably be asked to provide policymakers with the truth. Wein-
berg identified three such situations in his influential 1972 article
on trans-science: (1) where more research would be prohibirively
expensive; (2) where estimates would be required for extremely
low-probability events; and (3) where inquiry would be ethically
impermissible.

Scientists, however, did not long remain content with an ana-
lytic framing that rook many types of “uncertainty” ourt of the
reach of science and so reduced their power to play an active part
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at the nexus of science and policy. From 1970 onward, scientific
inputs to environmental decisionmaking turned increasingly to
developing techniques for objectively measuring and representing
uncertainty. Quantitative risk assessment, in particular, emerged as
a widely hailed basis for estimating the likelihood of harm in just
those zones of small probability that Weinberg had once relegated
to trans-science. Confident scientists declared these marhemarical-
ly disciplined calculations of the unknown to be a sphere of purely
technical activity (risk assessment), to be kept apart from the polit-
ical world of decisionmaking (risk management).” The uncertain-
ty-acknowledging abstinence of Weinberg’s trans-science was re-
placed within a generation by a resurgence of the realists’ more im-
perialist vision that science could represent even uncertainty as rel-
evanc to public policy.

Work in the social studies of science has provided useful correc-
tives to scientists’ naive assumption thar there is a clear boundary
berween the technical and the non-technical aspects of science pol-
icy, but such scholarship has led, in the end, to its own simplifica-
tions. A growing body of research has shown scientific facts to be
socially constructed — 1o be, in other words, the products of com-
plicated negortiations among scientists over how to make and how
to construe observations about the natural world. Social scientists
have been able to show that in narural science fields far removed
from politics closure occurs around particular descriptions of nat-
ural phenomena by intrinsically social pathways.® Controversies
over facts are closed, for instance, through experimental replication
carried out in accordance with conventions that were themselves
the products of prior negotiation; through the provisional incor-
poration of contested facts into broader, ongoing research pro-
grams; or through tacit agreements within a research community
not fo disagrec about poorly understood elements of a dominant
research paradigm. None of these avenues are normally as effective
in closing political debates about science, where combatants lack
the incentives to bury their disagreements in favor of superarching
professional goals, such as the continuation of productive research
programs.
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Confronted by the pervasive social construction of science, some
analysts speculated that science is competent o guide policy enly
in areas where the participants are already in substantial agreement
on relevant normative issues: for instance, how deeply and in whar
forms the state should intervene in marker arrangements; what
rights are due to specially vulnerable populations; or what value is
accorded to an ecological resource or human life. Such overriding
value choices, analysts have argued, must always hinder science
from playing a completely autonomous role in policy debates. In
one particularly stark formulation of the relativist position, science
is always doomed to encounter either an under-critical or an over-
critical policy environment — in either case it proves irrelevant to
actual decisions.” In under-critical situations, policy actors are al-
ready in agreement with respect to values, and scientific claims will
uncritically be accepted as supporting the pre-existing consensus.
In over-critical settings, disagreement over values permeates scien-
tific deliberations, so that technical issues remain contested and
unresolved under intense partisan scrutiny.

This radically skeptical view plausibly accounts for many con-
troversies over policy-relevant science, but, as noted earlier, it fails
to do justice to the wealth of empirical data on episodes where
protracted conflict over science-based policymaking eventually led
to closure. Scientific claims seem frequently to function as effective
motors for determining policy choices as well as for prolonging
disputes. Thus, the recognition of the bivaccumulation of pesti-
cides arguably gave birth to the modern U.S. environmental
movement, cspecially after Rachel Carson, in Sélent Spring, found
a compelling narrative voice for expressing the scientific commu-
nity’s nascent ecological concerns. More recently, the detection of
the ozone hole and the recording of increased carbon concentra-
tions in the earth’s atmosphere have been credited with arousing
worldwide concern and motivating political action. Finally, the
relativist position seems incapable of explaining why science re-
mains such a potent resource for policymakers if it is entirely pow-
erless to influence decisions.
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MEDIATED REALISM AND EPISTEMIC COMMUNITIES

If radical relativism accords too little respect to science as a force in
policy, the move to epistemic communities tends to err in the op-
posite direction. Writers on epistemic communities appear at first
glance to avoid the straitjacket of realism by focusing on the bear-
ers of claims rather than on the claims themselves. Knowledge, in
this line of analysis, ceases to be a mere collection of factual asser-
tions whose truth is guaranteed by theory and experiment. Science
appears instead as a system of beliefs supported and maintained
within a network of social relationships — in short, within com-
munities that both constitute and are constituted by their com-
mon cognitive and normative commitments. For epistemic com-
munities, according to one current definition, are groups of pro-
fessionals united by (1) a shared set of normative and principled
beliets which provide a rationale for social actions; {2) shared causal
beliefs, which serve as the basis for linking policy actions to desired
outcomes; (3) shared criteria for weighing and validating knowl-
edge; and (4) a common policy enterprise.'® These like-minded
professionals gain influence in the policy system through their ca-
pacity to make authoritative knowledge claims which lay the
groundwork for policy prescriptions. Epistemic communities re-
store, in this sense, the invisible though functionally indispensable
agent to the otherwise agentless aphorism of “speaking truth to
power.”

The difficulty of this approach for political analysis, however, is
that it leaves unanswered the very question that most cries out for
explanation when science is engaged in serving policy. What gives
epistemic communities their peculiar staying power in the contest-
ed and deconstructive domains of politics?!! If we assume that the
cause-effect claims advanced by eptstemic communities are un-
problematically correct, then we are back in the world of scientific
realism where facts alone are sufficient to produce actions and sci-
entists themselves are politically superfluous. If, on the other hand,
it is a set of shared values that holds epistemic communities ro-
gether and empowers their instrumental role, then their claims-
making activity becomes just another form of political expression
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designed to advance particular social ends. In this latter case, it is
hard to understand why scientists — as producers of politics by
other means — command higher cognitive authority than any
other interested actors in the political process.!? As in the relarivist
account, sclentists NOW appear as on¢ among many contcnding
voices, and one must look to politics itsclf to see why their voices
nonetheless win a privileged place in policy.

These unresolved tensions within the epistemic communities
approach point toward the need for supplemental theorizing
about the mechanisms by which scientific knowledge, even when
contested, may be able to exert a derermining influence on envir-
onmental policy. Put differently, we need ways of accounting more
completely for the apparent successes of epistemic communities in
connecting their causal beliefs about the environment to selected
prescriptive agendas. Let us turn for further clucidation to the dis-
cursive and institutional contexts within which U.S. environmen-
tal scientists have normally sought to link their epistemological
claims to social action.

RESPONSIBILITY AND CAUSATION

Controversy over the Reserve Mining Company’s discharge into
Lake Superior of wastes (“railings”) from the processing of taco-
nite, a low-grade iron ore, marked a turning point for modern en-
vironmental policy in the United States. From about 1963 to
1978, the company and its opponents waged Byzantine battles in
state and federal courts over the most appropriate means of con-
trolling the potentially adverse impacts of these discharges.!? Sci-
entists and lawyers crossed swords over the nature and severity of
the impacts, as well as over the standard of evidence that courts
should insist on before ordering the cessation of productive eco-
nomic activity, Reserve Mining’s legal travails coincided with a
shift in public thinking that eventually reduced the quantum of
proof needed to justify protective environmental regulation. But
the case in retrospect stands for more than a milestone in the
changing consciousness about risk. It iliustrates the complex pro-
cesses by which social presumptions about causation and responsi-
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bility can repair uncertainty about physical causes and lead, in
time, to publicly accepted decisions.

The first phase of the Reserve Mining controversy centered on
the possible effects of the taconite discharges on the aquatic envi-
ronment of Lake Superior and their implications for the region’s
commercial and recreational development. Experts argued in skir-
mishes before a state trial judge about whether the tailings would
increase the turbidity of the lake, promote algal growth, and harm
fish life or drinking water quality. By 1973, however, a new and
encompassing scientific issue had appeared on the agenda: were
the taconite fibers sufficiently similar to asbestos, a known car-
cinogen, to endanger those drinking the waterborne residues of
Reserve’s mining process? According to the political scientist David
’Brien, this question shifted the controversy “from that revolving
around the ecological risks to Lake Superior to one over public
health and satf'l‘.‘ty.”l4 Indeed, the public health issue completely
eclipsed earlier ecological concerns and became the focal point of a
139-day trial held in the latter half of 1973.

Linking raconite with asbestos did not resolve the scientific un-
certainties that had plagued decisionmakers for nearly a decade —
rather, new grounds for expert disputation arose around such is-
sues as the functional similarity of taconite and asbestos fibers, the
relative risks of ingested and inhaled fibets, and the explanation
for the carcinogenicity of asbestos itself. At the same time, what
seemed at first a scientifically and politically isolated inquiry into
the effects of taconite became intertwined with stories of responsi-
bility and blame carrying mote expansive moral overtones. Asbestos
by now was emerging as America’s leading symbol of death through
palicy neglect.!> Cancer caused by exposure to asbestos, was already
entrenched in the public mind as the most dreaded of environ-
mental illnesses, and the fear of cancer had begun to exert its insidi-
ous influence on notions of prudent environmental management.
Compensation claims by injured asbestos workers led in 1973 to a
major change in judicial policy permitting workers to sue third-
party manufacturers.!® The image of asbestos as hidden killer would
eventually help fuel the passage of the Toxic Substances Control
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Act in 1976.17 Associated with the deadly resonances of asbestos,
taconite became in the 1970s a more politically consequential, if
no less scientifically controversial, emblem of environmental con-
cern.

Judicial attitudes, too, were changing throughout this period in
response to the combined demands of new social movements and
formal legislative enactments. Reduced burdens of proof for regu-
lating risks to health and the environment were gaining support in
the federal courts, most notably in the influential Court of Appeals
for the District of Columbia Circuit.'® Courts, like the activists
who petitioned them for aid, had begun to accept that the change-
over from a harm-based to a risk-based system of environmental
management could only be achieved by requiring less than defini-
tive evidence of risk. Judge Miles Lord, the populist trial judge in
charge of the Reserve Mining case, was an early convert to this po-
sition. The Eighth Circuit, as O’Brien notes, was at first reluctant
to ratify Lord’s relaxation of the common law standard of proof
but later approved it in response to developments in other circuics
and pressure from the Supreme Court.!”

Reserve Mining agreed in 1978, after almost fifteen years of le-
gal conflict, to stop discharging taconite into Lake Superior. Since
the carcinogenicity of taconite railings was never firmly estab-
lished, it could hardly be said that this action was prompted either
by scientific consensus or by pressure from a knowledge-based
epistemic communiry. Rather, the cessation of the discharges be-
came the only reasonable policy choice once there was conver-
gence between an epistemic order that gave credibility to claims of
furure health risks from invisible, asbestos-like fibers and a moral
order that validated, in the name of environmental stewardship,
precautionary actions even in the absence of definite proof of
harm. Within this new cognitively and morally bounded space,
predictive environmental science and preventive health policy sus-
tained each other completely at relevant points, although there was
no discernible community of actors that knit together the science
and the social response.
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DISCOURSES OF LEGITIMATION

As governmental decisionmakers around the world accepted the
need for preventive policymaking, founded on evidence of risk
rather than harm, pressure grew on the scientific community to
supply plausible, quantitative estimates of impacts under various
possible scenarios.’? Modeling replaced direct perceptual experi-
ence as the basis for decisions in many fields of environmental
management, from the control of carcinogenic pesticides to emis-
stons trading policies for greenhouse gases. Regulatory scientists in
the United Stares spearheaded the move to create and disseminate
environmental models, in part because U.S. political culrure
strongly encourages explicit justification of regulatory decisions,
grounded where possible on seemingly impartial, quantitative as-
sessments of the evidence.2! In an address to his disciplinary peers,
a leading American ecologist expressed an atticude widely shared
by scientists sensitive to policy needs: “Scientists must make clear
that uncertainty is an essendal part of prediction, and that deci-
sions must be made in the face of uncertainty.”*2

What happens, however, when predictive models incorporating
divergent ways of understanding the unknown are brought into
conflict within a specific policy proceeding? The metaphor of “du-
eling” is often heard in the world of regulatory medeling, where
disenchanted participants bemoan the stalemate arising from ap-
parently unresolvable conflicts between alternative models and the
divergent numerical estimates they generate. How, if at all, does
scientific and political closure occur under these circumstances?

An instructive example derives from the protracted controversy
between the U.S. Atomic Energy Commission (AEC) and Con-
solidated Edison (Con Ed), a major New York utility company,
congcerning the environmental impacts on the Hudson River from
a planned facility at Storm King Mountain.”* Competing teams of
scientists working for the AEC and Con Ed sought to model the
possible effects of water withdrawal for the plant’s cooling system
on striped bass populations in the river. The result, almost in-
evitably, was a lengthy technical confrontation between “ducling
models™: scientists for the major parties refined their assumptions,
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yet continued to differ about which assumptions best corre-
sponded to reality. Mucual deconstruction proved to be the order
of the day, since each party’s model was seen by the other as an in-
terest-driven and essentially unverifiable surrogate for direct em-
pirical knowledge, which under the circumstances was impossible
to acquire. The Atomic Energy Licensing Board observed in 1973,
in near-poetic despair, “No one knows in detail what activities of
life go on in the unseen depths of the Hudson River nor whar the
future response to changing inputs is going o be.”*

The differences berween the agency’s and the unlity scientists’
simulations could not be resolved on the basis of universally ac-
cepted facts. Only arbitrary or implausible figures could be provid-
ed for crucial parameters, such as the magnitude of biological
compensation, without which no reasonable projections could be
made of long-term population effects. In the end, a greacly simpli-
fied model had to be constructed to win the assent of the involved
parties and produce the 1980 “Peace Treaty for the Hudson.” Re-
lying on a technique called “direct impact assessment,” this model
stuck more closely to easily observable phenomena than the so-
phisticated but untestable alternatives thar agency and utility ex-
perts had constructed during the life of the controversy. Relatively
unproblematic data on the annual abundance and distribution of
fish populations laid the foundation for an eventual convergence
in expert cakculations. Once they decided to accept these common
baseline data, the experts came to roughly similar conclusions
when they modeled specific biological endpoints (for example, the
likely reduction in several vulnerable species through entrainment
and impingement of individuals).

Science, in this case, contradicted the expectations of extreme
relativists by producing a new data-driven approach to biological
modeling thart helped bring closure to the protracted Hudson Riv-
er controversy. As in the Reserve Mining case, however, experts
gravitated toward closure (in this case, the acceptance of direct im-
pact assessment) only when the underlying policy debate shifted
away from an absorption with long-term biological effects, and the
merits of cooling towers, toward a focus on mitigating short-term
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detriments to fish populations. Scientific knowledge achicved po-
litical authority when the boundaries of the relevant moral-politi-
cal space were redrawn so as to accommedate the interests of all
parties. In particular, a consensus developed that entrainment was
the process of greatest environmental concern, and, with this end-
point in place, the negortiating parties eventually worked out a
proposal that provided a degree of mirtigation acceptable to the
agencies at a cost acceptable to the urilities.?>

In a similar vein, Baruch Boxer has argued in his work on ma-
rine pollution science that even the most productive scientific re-
search programs may have no power to sway policy unless they are
integrated with, and interpreted within, a coherent framework of
values and social expectations. “Sophisticated models of water cir-
culation, ecosystern dynamics, and pollutant migration paths have
been developed to describe and simulate local and regional condi-
tions in the Hudson-Raritan estuary,” Boxer observes, but it is dif-
ficult “to relate this information to ill-defined public concerns
about health and the environment, given the vagueness of statuto-
ry mandates, and the overlap and imprecision of regulat