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foreword

)ve always taken comfort in the ocean. It embodies constancy in a world of
uncertainty and change. Like many drawn to the ocean, however, I've come to realize
that what we thought to be immutable does change, and is fragile. We've observed
ocean ecosystems under assault, from over-development of the coastal zone, overfishing,
over-enthusiastic coastal tourism, and from our naive belief that the ocean would absorb
anything we could throw into it.

Almost twenty years ago at the Third World Parks Congress in Bali, Indonesia,
Rodney Salm and others assembled a seminal group of experts on the management
of the coastal ocean to discuss what was then a relatively new concept; marine
protected areas. The first edition of Coastal and Marine Protected Areas: guidelines for
planners and managers, was the product of that meeting. This book presented a
banquet of ideas for those concerned with conservation of the marine environment.
Thanks to its cover, it came to be known as the “Orange Book”. In the course of the
intervening years, the Orange Book has remained surprisingly fresh and current, and
in demand, even long after it has gone out of print.

As a Peace Corps volunteer in West Africa in the mid 1980s, I advised the
government of Sierra Leone on protected area development. The Orange Book was
my companion and guide, even in terrestrial contexts, because it captured the social
context for protected area planning and management better than anything else
available to me. Only time will tell if the engagement with communities based in part
on lessons from the book will pay off in conservation terms, but those of us who have
been on the front lines of conservation know that there is no better hope.

Partly because of the desire to capture some of the experiences since the last
edition, and partly to take the strain off of IUCN’s photocopiers, Rod Salm and John
Clark have graciously agreed to undertake a major revision of the Orange Book,
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with the help of many friends. To be sure, this is not a new book. It does not seek to
provide a comprehensive overview of the latest theories on the application of the reserve
concept to the conservation of biological diversity. Its emphasis and true value is in
capturing the practical aspects of establishing and managing marine protected areas
- including successes and failures.

Mindful of the particular needs of managers in tropical developing countries,
the emphasis is given to tropical marine ecosystems such as coral reefs and mangroves,
and the case studies are drawn from those environments. It is with those environments,
and the people that live within them and depend upon them, in mind that we dedicate
our renewed efforts to protect the resiliency of the marine environment through
protection of its fragile and highly productive areas. And bearing in mind that in the
end, it is not the environment, but we ourselves, that we manage, I commend this
book to you. May it serve you well, and strengthen you in your capacity and resolve
to protect the ocean and the life within it.

John Waugh
IUCN Marine Programme



Preface

pproaches to planning and managing marine protected areas (MPAs) have

evolved considerably since the first edition of this book was published in 1984.
The original version arose from the Workshop on Managing Coastal and Marine
Protected Areas, held in October 1982 during the World Congress on National Parks
in Bali, Indonesia. A second edition was printed in 1989, with minor revisions. This
second edition was exhausted several years ago, but demand for the book remained
high. However, as so much has changed over the past 15 years, and so many new lessons
have been learned, there is evident need for a major update. This Third Edition
answers that demand.

Even today, some 15 years later, the feedback we have received is that the book
is a practical tool with an applied, “hands-on,” viewpoint. This was the book’s original
intention and remains the main goal of this revision. It is still intended as a guide
for people who find themselves with mandates to plan individual or national systems
of marine protected areas (MPAs), or both, and need a philosophical context for marine
protected areas along with some basic principles and approaches to establish them.
Wherever possible, case studies are used to illustrate points or processes by “real world”
examples. We would like to think that practitioners today will find this version as useful
as our counterparts and colleagues did the original “Orange Book” during the past
many years.

The book derives from many sources, including the 1982 Bali Workshop papers
and summary reports of session chairs and rapporteurs. The participants of the
workshop remain contributors to this version of the book. It is heartening to find how
relevant these original outputs are today. But the field of conservation science and
theory have evolved enormously over the past two decades, which has been a period
of catch-up for marine protected areas with those on land. We have reached the point
where one book can only introduce the huge body of thought and publications on
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theory, science and policy surrounding MPAs and the vast quantity of new practical
experience (largely embodied in the gray literature). In revising this book, we have
accessed some of the least accessible techniques and practices, many of which remain
unpublished.

One new trend is important—the emphasis on community participation
mechanisms. Also, there have been major advances in the last two decades on the
challenge of sustainability of MPAs through innovative financing mechanisms,
partnerships with the private sector and NGOs, and collaborative management
between government and coastal communities. These advances have brought along
with them new approaches for MPA establishment and management that are more
participatory, involving communities through interaction and collaboration rather than
prescription.

While it has become popular to write about participatory and collaborative
management, we are still testing and refining different approaches. We may need ten
more years in most cases before we can separate reality from easy optimism and say
that one or another approach is a real success. This applies especially to the emerging
field of collaborative management—partnership between government and communities,
NGOs and/or the private sector (especially those concerned with tourism).

In the search for published material to use in the first edition of this book, it
soon became apparent that relevant publications on planning and managing marine
and coastal protected areas were scarce. There are more today. In the early 19807,
the MPA creation and management field was new and evolving with few tested
practical tools and little to publish. As a result, the book drew heavily on personal
experience and displayed a strong bias toward personal styles of approach. These days
we are blessed with a wider variety of published materials and tools, but there still
exists a deficit of tested, proven, practical results, particularly in collaborative
management. So again, the personal experiences of the authors tend to influence the

book.

This is a book for practitioners in tropical countries. It is meant to complement
modern texts covering policy aspects of MPA selection and design by providing
approaches and tools for everyday application at field sites. Until the modern theories
are tried, tested, refined, proven, and generally absorbed into everyday practice,
there will always be the need for approaches that get results on the ground. Given
the urgency to act now and safeguard what we have before it is lost, we need to lock
up what we can in conservation and to strive over the longer term for perfection.
Practitioners who see their reefs being blasted apart, their mangroves being cut,
their beaches and dunes eroding, their coastal wetlands being clogged with silt, or
their MPA boundaries being ignored or encroached upon often make the same
remark: “We need to do something now to safeguard what we have, based on the best
available information.” That “something” often means “We need to engage the
stakeholders (communities, private sector, tourism industry, government) and work
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with them to achieve compliance with our programme and its objectives, and we need
to do it fast.” It is to this audience that we are attempting to cater: to give the
practitioner in a tropical country some very basic approaches and tools to take those
immediate first steps.

Rodney V. Salm and John R. Clark
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Readers Guide

his book is addressed mainly to conservation of the natural resources of tropical
coasts and seas. To facilitate its use as a sourcebook, the volume is arranged in
three parts.

Part I introduces Marine Protected Areas (MPAs) as an important approach
to managing coastal and marine resources, discussing in its six sections: roles of MPAs,
site planning, community involvement, systematic selection of MPAs, strategies and
tools for planning and managing MPAs, and the legal basis of MPAs.

Part II considers principles and mechanisms for planning and managing
protected areas in four different environments: coral reefs, estuaries and lagoons, small
islands, and beaches. Emphasis is on technical knowledge about particular habitats
and how this knowledge is used to meet management objectives. We recognize that
many MPAs are composed of two or more of these environments but the guidance
for each can be combined in the MPA plan.

Part III presents case histories covering a wide variety of MPA experience
around the world to help protected area planners and managers carry out their tasks.
The emphasis in each case history is on lessons learned that are of wide application.
E-mail addresses of the authors are given to assist the reader in following up on case
details. A “Guide to the Cases” is presented to enhance the reader’s search for relevant
items.

In the selection of materials for this book we have given priority to the types
of resource conservation problems faced by MPA planners and managers in subtropical
and tropical countries where the need for assistance appears to be the greatest.

In Parts I and II most of the material is based on written sources for which
the specific references are listed alphabetically with date of publication in Part IV,
References. Case Histories are individually referenced.






Table of contents

Part | Creating Marine Protected Areas

1. The Roles of Protected Areas

1.1
1.2
1.3
14
1.5
1.6
1.7
1.8
1.9

Multiple Objective MPAs

The Value of Biodiversity

Preserving Biodiversity

Preserving Genetic Diversity

Conserving Ecosystems and Maintaining Ecological Processes
Sustainable Use

Protecting Commercially Valuable Species

Replenishing Depleted Stocks

Education and Research

1.10 Protection from Natural Hazards

1.11 Recreation and Tourism

1.12 Social and Economic Benefits

Site Planning and Management

2.1
22
2.3
24

The Site Management Plan
Planning Approach
Site Planning Procedure

Boundaries and Optimal Size

11

13

14
16
18
20
23
26
27
29
31
32
34
34

37

37
38
40
43



xviii | MARINE AND COASTAL
PROTECTED AREAS

2.5

2.6

2.7

2.8

29

2.10
2.11
212
213
2.14
2.15
2.16
2.17
2.18
2.19
2.20
221

Zoning

Zoning Methodology

Control of External Influences
Advisory Committees

Physical Management Strategy
Information Base

Carrying Capacity

Mapping

Interpretation

Public Support

Public Awareness

The MPA Manager
Administration

Logistics

Surveillance and Enforcement
Monitoring and Evaluation

Budget and Business Plan

3. Community Engagement

3.1
32
3.3
3.4
3.5
3.6
3.7
3.8
3.9

Participation

Understanding the Community
Lessons from Tanga

Issue-Action Analysis

Winning the Support of Communities
Fostering Partnership

Using Maps

Enforcement and Prosecution

Collaborative Monitoring Approach

4. Selection of Marine Protected Areas

4.1
4.2
4.3
4.4
4.5

The Selection Process
Guiding Principles

The Site Selection Process
Using Selection Criteria

Social Criteria

44
46
48
48
50
52
53
54
55
56
57
58
59
59
61
63
63

65

65
66
69
72
74
75
77
77
78

81

82
83
84
87
89



4.6
4.7
4.8
4.9

Economic Criteria
Ecological Criteria
Regional Criteria

Pragmatic Criteria

5. Strategies and Tools

5.1
52
5.3
5.4
5.5
5.6
5.7
5.8
5.9

Geographic Information Systems
Remote Sensing

Participatory Rural Assessment
Education and Outreach
Scientific Input

Restoration

Coastal Zone Management
Zones of Influence

Categories of Marine and Coastal Protected Areas

5.10 Economic Innovations

6. Institutional and Legal Framework

6.1
6.2
6.3
6.4
6.5
6.6
6.7
6.8

Part Il

The Legal Basis of Coastal and Marine Protection
Diagnosis

Different Laws for Different States

Importance of MPA Boundaries

Legislative Options

International Tools for MPAs

The New International Legal Regime

General Guidelines

Protected Areas in Different Environments

1. Protected Areas for Coral Reefs

1.1
1.2
1.3
14
1.5

Ecology

The Value of Coral Reefs

Threats from Human Activities

Global Status of Coral Reef Protected Areas
Avoiding Degradation of Reefs

Table of Contents

91
92
93
93

97

97

99
102
102
105
106
107
113
115
121

131

131
133
134
141
142
145
152
153

159

161

161
164
166
169
169

Xix



xx | MARINE AND COASTAL
PROTECTED AREAS

1.6
1.7
1.8
1.9
1.10

Design Principles for Coral Reef Protected Areas
Design Guidelines for Coral Reef Protected Areas

Sizes of Coral Reef Protected Areas

Estimating the Number of Coral Genera and Subgenera

Estimating Critical Minimum Core Area

2. Protected Areas for Lagoons and Estuaries

2.1
22
23
24
2.5
2.6
2.7
2.8
2.9
2.10

Definitions

Values

The Need for Protection
Management Concepts

Design of the Marine Protected Area
Identifying Critical Habitats
Delineating the Zone of Influence
General Information Needs

Design Principles

Design and Management Guidelines

3. Protected Areas for Small Islands

3.1
3.2
33
3.4
3.5
3.6

An Overview of Islands

Threats to Island Habitats from Human Activities
Site Selection and Island Biogeography Theory
General Principles and Premises

Design Guidelines and Considerations

Management Guidelines

4. Protected Areas for Beaches

4.1
4.2
4.3
4.4
4.5
4.6

Part lll

Values

Beach Dynamics
Beach Protection
Sand Dunes
Barrier Islands

Design and Management Guidelines Summary

Case Histories of Protected Areas

173
174
179
181
183

185

186
186
190
196
198
198
201
203
205
206

209

210
214
214
216
219
224

231

231
232
234
235
238
238

243



Table of Contents

Review of Highlights of Case Histories

1.

10.
11.
12.
13.
14.

15.
16.
17.

18.
19.
20.

21.

22.

23.
24.

25.

Bunaken National Park: Participatory
Management in Zoning

Boca Grande Key: Management of a Wilderness Island

Negombo Lagoon, a Protected Area Under Coastal
Zone Management

Philippines: Community-Based Management of Coral Reef Resources
Bonaire: Calculating Carrying Capacity

Cousin Island. A Sea and Island Reserve Scientifically

Managed by an NGO

Chumbe Island: Experiences of a Private Marine Conservation Project
Florida Keys: Distant Influence on Coral Reefs

Laguna de Tacarigua National Park, Venezuela: Management
Problems in a Protected Estuary

Great Barrier Reef Marine Park

Saint Lucia: Evolution of an NGO-Managed Marine Protected Area
Montego Bay, Jamaica: A Marine Park Under NGO Management
Ngeruangel Atoll in Palau, Micronesia: Community Management

Ras Mohammed National Park, Egypt:
A Comprehensive Approach

Oman and Saudi Arabia: Different Approaches
Celestun Estuary, Mexico. Training of Nature Guides

Turtle Islands National Park, Sabah, Malaysia:
Regional Perspective

Palau: Protection of Reef Fish Spawning Aggregations
Bunaken Islands, Indonesia: Criteria for Zoning

Sea Turtle Conservation Programmes: Factors Determining
Success or Failure

Trinidad: Dilemma of the Scarlet Ibis in the Caroni Swamp
Wildlife Sanctuary

Roatan, Honduras: Protected Area Under Management
of Business Community

Bonaire and Saba: Cost Recovery through User Fees

Tanga, Tanzania: Collaborative Fisheries and Coral
Reef Management

Tanga, Tanzania: Involvement of Women in Village Committees

Part IV References

245

247
253

255
257
260

261
265
271

274
279
282
291
299

305
310
313

318
320
324

327

334

338
344

348
353

357

xxi






Introduction

S ustainable use of coastal resources requires that some coastal areas be retained
in their natural state or as near to natural as possible. Safeguarding critical
habitats for fish production, preserving genetic resources, protecting scenic and
coastal areas, and enjoying natural heritage all may require the protective management
of natural areas.

With the sustainable use of resources foremost in mind, the policy of all
nations should be to provide the necessary legal basis for managing important
habitats and beneficial species. This book presents information helpful to tropical coastal
countries in organizing national systems of marine and coastal protected areas and
in planning and managing selected MPA sites.

Viewpoint

We recognize that all marine protected areas (MPAs) are not created with the same
purpose in mind—each is motivated by a different vision. But two main categories
of conservation enter into the management equation: 1) material, ensuring the
sustainability of economic resources, which may be termed “conservation” and 2)
spiritual, including the important, but less economically tangible, values of species
protection, biodiversity conservation, and landscapes, which may be termed
“environmental protection” (Clark, 1998).

Coastal and marine area protection is usually aimed at practical goals. Except
for spiritual resources, the habitats, ecosystems, species, and communities that we
are trying to conserve have present or potential commercial uses. These resources are
exploitable, currently exploited, or overexploited. The value of marine conservation
can often be readily demonstrated in terms of fish in the diet or cash income, and
people can be actively involved in conservation to avoid conflicts between industry
and conservation and to integrate conservation and development.
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Building effective partnerships between the management authority and
communities remains a major challenge. It is of the utmost importance that
communities be motivated toward active involvement in all stages of MPA planning
and operation. During the last two decades the number of communities effectively
participating in MPA affairs through collaborative management (or co-management),
approaches has increased greatly. But involving communities and building the
requisite level of trust between them and the authorities takes time. However, this is
time well invested, and this step should not be rushed.

This book recognizes that area protection is but one technique of marine
conservation, which integrates many mechanisms and disciplines—international
conventions, management authorities, species population protection, fisheries
management, coastal zone management, and land use planning. Distinguishing
“protected areas” from other resource management regimes is not always easy.
Exclusive economic zones, for example, to which a nation has declared exclusive rights
to manage and harvest resources adjacent to its coast, could conceivably be considered
a form of protected area. Nevertheless, these programmes, which do not single out
areas for their resource values, are excluded from discussion, though their value is
recognized in establishing the broad conservation background needed to protect
specific areas.

We believe that the principal goal of all MPAs is conservation of resources so
they yield the greatest benefit to present generations without losing their potential
to meet the needs and ambitions of future generations. This concept of conservation
that includes elements of protection, use and management is the interpretation of
sustainability applied throughout this book.

Balance

Sustainability does not mean that all MPAs must be sanctuaries. Where possible
commercial uses could be permitted on a controlled and sustainable basis; for
example, fishing, rotational mangrove tree felling, use of foliage for fodder, and use
by tourists. But strict protection of MPA zones to safeguard nesting areas or to
provide sanctuary for breeding fish to replenish neighboring fishing grounds is
justifiable.

While careful design and implementation of management can ensure continued
benefits from natural areas, some types of uses inevitably conflict. For example, it is
impossible to remove timber from mangroves and study natural processes at the same
site. But it should always be possible to preserve at least a representative ecosystem
for appropriate research and monitoring, while achieving overall conservation of
biodiversity, fishery replenishment and tourism. MPAs can be designed and managed
for multiple uses; i.e., to address activities so that pursuing one benefit does not exclude
the pursuit of others.
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People will continue to need fishes from reefs, wood and fodder from mangroves,
access to beaches and seas for recreation, land for seaside housing, and seas for waste
disposal. Conservation aims to satisfy these immediate needs in a way that ensures
maintenance of the resources in the long term. MPAs help channel development to
avoid sacrificing one resource by harvesting another or by modifying habitats or
polluting the sea. As temporary custodians of the world’s resources we are privileged
to use them. We are not justified in using them carelessly—we are obliged to maintain
them and pass them on undepleted to later generations.

Premises

Of the major ecological premises underlying this book, the most important is
recognizing the intrinsic linkage between marine, coastal, and terrestrial realms,
which precludes the effective management of a marine area independent of managing
adjacent land habitats. That coastal ecosystems include both land and water components
and that they should be managed together is considered fundamental. In fact, much
discussion here concerns protecting landforms that border the sea, such as beaches,
dunes, barrier islands, and small oceanic
and coral islands. Also emphasized are
situations where coastal or marine
protected areas would be degraded
without attention to inland areas, such
as the watersheds and coastal rivers
that must be managed to maintain the
water balances of protected estuaries
(Figure 1). In short, the ecological link-
age of land and sea is a major consid-
eration in formulating strategies for
marine protected areas. The implication
of the linkage for management, or
connectivity, is that conserving coastal
and marine resources requires extending
management to shorelands and even
inland areas.

FIGURE 1.

Another important premise is
that ocean currents, wind drifts, and
animal migrations link distant regions
of the ocean. For example, wind trans-
ports industrial pollutants that may be
observed elsewhere as acid rain. These
agents also transport nutrients, food,

A river discharges runoff water, nutrients and sediments—
all damaging to coral reefs—into the ocean near Cairns in
Queensland, Australia. The ecological linkage of land and
seeds, larvae, organisms, and pollutants  seq s o major consideration in the management of the

Great Barrier Reef lying just offshore.

3

Photo by Erkki Siirila.
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across oceans, transcending biogeographic provinces and political boundaries. Thus,
the management of vast areas, via multinational treaties and transboundary reserves
to protect shared resources, along with alliances for conservation are all necessary.
This does not undermine the value of protecting specific small areas, which remain
essential for safeguarding vital habitats like seabird colonies, but the management
of these should be integrated with that of larger, multiple use areas and regional
initiatives whenever possible.

In most countries the fringing sea is open to all who care to use it, as is
generally true on the high seas beyond national jurisdictions (see Box 1). It follows
that individual users are not often active in caretaking, which leads to difficulties in
conserving seabed and open water resources. The general “free for all” exploitation
of resources that has resulted has led to the economic extinction of certain fisheries.
An exception is seen in certain Pacific island nations, for example, where inhabitants
have evolved traditional methods of resource sharing and conservation. The solution,
at the national level, is regulation of fishing activities, government allocation of
fishery resources, and enforced protection of habitats by creating a management
authority with a mandate broad enough to manage activities throughout the coastal
zone (including both terrestrial and marine areas). Beyond the national level there
is need for effective international custodial programmes for marine areas and their
resources.

Box 1. The Doctrine of the Commons

In most countries coastal waters and their resources are considered “commons”;
that is, they are not owned by any person or agency but are common property available
equally to all citizens, with the government as “trustee”—this is an ages old public right,
jure communia, going back to the Institutes of Justinian: ‘Et quidem naturali jure
communia sunt omnium haec: aer, aqua profluens, et mare per hoc litora maris’. In
English this means: ‘By the law of nature these things are common to mankind—the air,
running water, the sea and consequently the shores of the sea’.

Further, this influential doctrine states that: ‘No one, therefore, is forbidden to
approach the seashore, provided that he respects habitations, monuments, and buildings,
which are not, like the sea, subject only to the law of nations’. And now “environment”
must be added to the “he respects” list. A primary aim of coastal conservation is to provide
for sustainable use of the resources of the Commons, a responsibility that should be shared
by all people and all levels of government. As “Trustee”, the government is empowered
to make rules for the Commons that all must obey for the public good.

Source: Clark, 1998.
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Distinctions

It is the special burden of marine conservationists that people cannot easily see what
happens underwater. The sea remains inscrutable, mysterious to people. On land we
see the effects of our activities and we are constantly reminded of the need for action,
but we see only the surface of the sea. Not only are we less aware of our impact on
submerged life, but it is also more difficult to investigate. Boat based and underwater
research and monitoring are far more difficult and costly than their equivalents on
land.

Another distinction of the sea is its limited endemism: marine species and
subspecies are only rarely limited to certain small areas. There is great mixing of the
ocean and its species and few sharply defined biogeographic provinces with unique
species compositions.

Since very few species are confined to narrowly bounded habitats, the chance
that any species would be extinguished by human activities is low. Saving species from
extinction is thus not as strong or universal a motivation for marine protected areas
as is conserving commercial resources (Figure 2).

The ecological systems
of the sea can achieve great
complexity, as in coral reefs, or
high bioproductivity, as in
“upwelling” areas where ocean
waters rise to the surface. These
systems differ from terrestrial
systems in many ways. Three-
dimensional phenomena are
more marked and important in
the ocean, where organisms are
less tied to the solid bottom
than are land organisms to the
earth. Because of the fluid nature
of the seas, whole biological
communities exist as floating
plankton-based entities distributed horizontally and vertically through broad ocean
spaces. Currents transport organic nutrients to distant locations and carry planktonic
eggs and larvae of organisms to distant habitats. In addition, many marine species
migrate long distances. And, since marine organisms are in close chemical contact
with their surrounding medium, they are jeopardized chemical contaminants.

Birds include the most endangered of species occupying coastal areas.

5

Photo by Gonzalo Ivan Arcila.
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Critical Areas and Ecosystems

Among the most ecologically critical and threatened resources are fringing coral
reefs, tideflats, coastal wetlands and shallows, especially lagoons and estuaries and
their grass beds and mangrove swamps. These areas provide food and shelter for
waterfowl and for the fishes, crustaceans, and molluscs utilized by an estimated two
thirds of the world’s fisheries including some of the world’s most lucrative fisheries
(e.g., shrimp). Sea grass meadows are vital because they act as “nurseries” (special
habitats that nurture the young of marine and coastal species) and as nutrient
suppliers for economically important fish stocks. Wetlands, floodplains, sea grass beds,
and coral reefs are being degraded, or even destroyed the world over (Carpenter, 1983;
IUCN/UNEP, 1988; Wells and Hanna, 1992; Wilkinson, 1992, 1998), with severe
effects on the economies that depend on them. Coral reef ecosystems are of great,
significance to tropical countries, providing habitats for the seafood on which many
rural communities in developing countries depend.

In addition, coastal wetlands and coral reefs are extremely important for
protecting shorelines and coastal villages against storm waves and shore erosion
(Figure 3). In Sri Lanka, the removal of corals to produce lime was so damaging that
a local fishery collapsed—mangroves, small lagoons, and coconut groves disappeared
because of increased shore erosion, and local wells were contaminated with salt
before protection was implemented through a coastal zone management programme.

FIGURE 3.

Fisheries

As fisheries for finfish, crus-
taceans, and molluscs become
more fully exploited, the effects
of habitat destruction and pol-
lution will become more evident,
particularly on those species
depending on coastal wetlands
and shallows or on inland wet-
lands and floodplains for nutri-
ents or for spawning grounds

} + T
R R i, i
e T 15 A ! and nurseries.

Abeach damaged by erosion. Beach erosion is often the result of
sand and coral mining for construction materials.

Most of the world catch
of marine species—87 million
tonnes in 1996—comes from within 320 km of land. The continental shelf directly
leads to high production because it concentrates activity into a thin water layer and
provides a substrate (solid surface) for fixed plants and benthic animals. In addition,
the topography of the shelf stimulates the upwelling of deeper waters carrying
chemical nutrients to the surface.
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In many parts of the world, seafood supplies most of the protein and much of
the livelihood for large populations of people (Figure 4). In Africa artisanal fisheries
provide the bulk of the fish eaten by local people, but these fisheries are widely
considered to be fully exploited (Brainerd, 1994; Hatziolos et al., 1994; Insull et al.,
1995; Tvedten & Hersoug, 1992), with some being exploited beyond the level of
sustainability. But because fisheries are typically not managed for sustainability,
their contribution to national diets and income is diminishing and is likely to continue
diminishing.

Past and present overfishing FIGURE 4.
has led many of the world’s most
valuable fisheries to be seriously
depleted. Nor can it be assumed
that depleted stocks will recover to
reach their full potential. In fact,
this is most unlikely for several
reasons: juvenile fishes may
continue to be caught by
“industrial” fisheries and ground
up for animal feed; other species
may take the place of depleted
species and not yield to their
return; and habitats essential for
spawning or as nurseries may be
degraded or destroyed.

Fishermen at work; Inhaca Island, Mozambique.

In addition to depleting fish, crustacean, and mollusc stocks, overfishing has
nearly extinguished certain species of whales, sea cows, and sea turtles. Many aquatic
animal groups are also under pressure because of incidental exploitation (bycatch);
that is, they are captured along with “target” species, killed, and discarded. An
example of this wasteful practice is the incidental capture and killing of sea turtles
in fishing nets in several countries, which threatens the survival of several species.

Preserving Biodiversity

Preserving diversity is a matter of both ethics and economic survival. For example,
genetic diversity (a component of biodiversity) is needed to sustain and improve
agricultural, forestry, and fisheries production, to keep future options open, to guard
against harmful environmental change, and to secure the raw material for much
scientific and industrial innovation.

For practical economic reasons, preserving biodiversity is necessary both to
secure food, fiber, and certain drugs and to advance scientific and industrial innovation.
Such preservation is also necessary to ensure that the functioning of ecological
processes is not impaired by loss of species. It is unlikely that other communities can

7

Photo by John Clark.
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readily replace the particular communities of plants, animals, and microorganisms
that make up the ecosystems associated with so many essential processes. The genetic
variety and compositions of such ecosystems may be crucial for their performance,
and for their response to long-term events like climate change.

The huge coral mortality associated with the 1998 El Nifio related coral
bleaching event drives home the value of different physiological responses to stress
by corals, responses that are presumably seated in their genetic differences. In the
western Indian Ocean and West Pacific, for example, adjacent coral colonies responded
differently to the elevated sea water temperatures: they bleached at different rates,
some bleached and died, others bleached and recovered, and yet others barely
bleached at all. But in some places more than 90 percent of the corals died.

Ethical issues of biodiversity relate particularly to species extinction. Human
beings have become a major evolutionary force, lacking the knowledge to control the
biosphere, but having the power to change it radically. We should be committed to
our descendants and to other creatures to act prudently. We cannot predict what species
may prove important, therefore, we should not cause the extinction of a species.

Just as many varieties of domesticated plants and animals are disappearing,
so too are many species of wild plants and animals. An estimated 25,000 plant species
(Lucas and Synge, 1978) and more than a thousand vertebrate species and subspecies
(TIUCN, 1975) were already threatened with extinction in the early to mid-1970s. The
most serious threat was considered to be habitat destruction (Lucas and Synge,
1978; Allen and Prescott-Allen, 1978). This destruction took and continues to take many
forms: (1) the replacement of entire habitats by settlements, harbors, and other
human constructions, by cropland, grazing land, and plantations, and by mines and
quarries; (2) the effects of dams (blocking spawning migrations, drowning habitats,
and altering chemical or thermal conditions) (Figure 5) (3) drainage, channelization,
and flood control; (4) pollution and solid waste disposal (from domestic, agricultural,
industrial, and mining sources);
overuse of groundwater aquifers
(for domestic, agricultural, and
industrial purposes); (5) removal
of materials (such as vegetation,
gravel, and stones) for timber,
fuel, construction, and so on;
BENWAE OF VIOLENT TURBULENCE (6) dredging and dumping; and
ERAPIDCHAKGES INWATER LEVEL | e =~ -1 (7) erosion and siltation. Since

VIOLKTORS OF POSTED AREA |Seepetis— = = that time, conversion of coastal
WILL BE SUBJECT TO FINE - gl , :
il - = mangroves and related habitats
] g2 into brine ponds for salt pro-
;!i duction and prawn farms has
emerged as a major issue.

FIGURE 5.

Dams change river flows and usually have negative effects on coastal
resources.
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The Coastal Zone Approach

For marine conservation and area protection one should think of the ocean as
including the bays, lowlands, tidelands, and floodplains along the shoreline and
forming the inner edge of what is called the “Coastal Zone”—a combination of
shallow sea and lowlying land. Here people increasingly congregate to live, work, and
play (Figures 6 and 7). This crowding at the coast is common in many countries, as
in the United States, where half or more of the population lives on the fraction of the
total land that is coastal. These people place a tremendous burden on the coastal
environment, needing living space, support services and industries, recreational
areas, and dump sites for domestic and industrial wastes.

Enhanced economic development is typically perceived as the necessary first
step in a nation’s social development. Coastlines often receive much economic
development in the form of tourism and urban, agricultural, and industrial develop-
ment. Unfortunately, the price of short-term benefits from resulting land reclamation,
drainage, or conversion to rice fields, FIGURE 6.
fishponds, coconut plantations, or
pasturage is resultant pollution and
the depletion of natural resources.
Certain damaging activities, such as
dredging, landfill, coral mining,
fishing with explosives, dumping at
sea, and pollution, are direct and
easy to recognize. Other effects are
not so obvious, especially when they
are far removed from the activity
causing them (for example, hydro-
electric dams across rivers, irrigation
projects, and forest cutting in water-
sheds). Thus, even inland development programmes must be persuaded to consider
the coastal environment.

Pattay in Thailand offers many facilities for coastal recreation.
Crowding of the beach is not uncommon.

It is difficult to protect an MPA sited near a highly developed coastline. Impacts
on coastal ecosystems from land based activities are widespread: industrial and
agricultural pollution, siltation from eroded uplands; filling to provide sites for
industry, housing, recreation, airports, and farmland; dredging to create, deepen, and
improve harbors; quarrying; and the excessive cutting of mangroves for fuel. In many
parts of the world the construction of dams has blocked the passage of marine
species migrating to inland spawning sites (Figure 7). The habitats of many other aquatic
animals also are threatened; for example, roads, housing and other developments have
encroached on turtle nesting beaches.

9
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Reactive management alone is insufficient to safeguard the values of coastal
and marine habitats and species under such pressures. Broad proactive programmes

FIGURE 7.

Photo by John Clark.

Occupation of the shoreline of the Isla Comprida Estuary, Brozil.

of management which seek to
deal comprehensively with
marine conservation are needed.
Whereas the impact of carefully
planned development can be
minimal, poorly planned
development projects may exact
a heavy toll on naturally pro-
ductive coastal habitats (Figure
8). Destructive activities must
be contained and ecologically
critical areas protected, difficult
tasks for an MPA manager acting
alone.

The solution for MPA

siting is to ensure that development impacts are controlled by a wider programme
which is authorized to combat pollution and habitat damage in the Coastal Zone

FIGURE 8.

Photo by John Clark.

Shrimp farms took over mangrove areas in Bali, Indonesia, causing
loss of natural production.

surrounding the MPA site. This
can best be done by officially
nesting the MPA into a Coastal
Zone Management jurisdiction
with powers to control
development impacts (see
Section I-5).



PART 1







The Roles of
Protected Areas

M arine and coastal habitats may be protected individually or through national
or regional systems of marine protected areas (MPAs). The success of either
depends on the existence of appropriate legal frameworks, acceptance by coastal
communities, an effective and well supported management system, and the delineation
of areas so their boundaries are clear and they can be treated as self-contained units.

An MPA is formed by a part of the sea and (often) shorelands habitat designated
by the owner or custodian as a conservation area. Each MPA has boundaries and a
declaration of permitted and non-permitted uses within it. The owner or custodian
(public or private) grants authority to a specific entity to manage the area within the
MPA boundaries according to the purposes for which the MPA was created. A simple
example is a small island designated by the Government (owner) for protection of
nesting seabirds with no visitation permitted and which is managed by a Wildlife
Department. A complex example would be a multiple use area created by the
Government (custodian) wherein a variety of uses are permitted—line fishing, diving,
boating, beach use—but no removal of corals or disturbance of sand dunes is
permitted.

An MPA may be designated for any one or a combination of reasons (multiple
use): (1) it is the best example of an important ecosystem or habitat type; (2) it is needed
for sustainability of fisheries such as through “no-take” zones; (3) it has high species
diversity; (4) it is a location of intense biological activity; (5) it is a “natural wonder”
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FiGURE I-1.

A hawksbill turtle refurning to the sea after having laid
its eggs on Grand Anse Beach, a critical habitat
considered for protection in St. Lucia.

FiGure I-2.

Villogers have planted cacti o control beach erosion
north of Tanga in Tanzania. The erosion is also
reduced by protected coral reefs in front of the beach.

or a tourist attraction; (6) it provides a
critical habitat for particular species or
groups of species (Figure I-1); (7) it has
special cultural values (such as historic,
religious, or recreational sites); (9) it pro-
tects the coastline from storms (Figure I-
2), and (10) it facilitates necessary research
or determination of “natural” baseline
conditions.

There is increasing need to justify
protected areas in measurable and con-
vincing terms to satisfy social, commer-
cial, development, and planning interests.
Solely ethical arguments (spiritual values)
are convincing only in a few privileged
nations, and then not always. For these
reasons conservation agencies and pro-
tected area planners should have a well
defined policy and a clear idea of the
purpose of each protected site, stressing
the practical (material) aspects.

1.1 Multiple Objective MPAs

MPAs should be designed to simultaneously
accomplish as many conservation objectives
as possible. Multiple-objective programmes
may be prescribed for a particular desig-

nated MPA or applied to broader management schemes that incorporate one or
more protected areas. Such programmes can include any of the following:

Limiting, as necessary, particular exploitative uses of coastal and marine waters
and their resources or of linked areas that influence life in MPA waters (for example,
preventing the mining of living coral reefs to maintain their value to fisheries and to

protect the coast).

Protecting particular vital parts of coastal or ocean ecosystems (for example,
critical habitats such as prime coral reefs or mangrove forests).

Restoring earlier conditions (for example, closing areas to enable the recuperation
of damaged habitats or depleted stocks, or prohibiting activities that are physically

damaging or polluting).

Enhancing certain economically important activities such as fishing or tourism.
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Defining sustainable levels of use and appropriate management structures and
implementing activities to monitor and control these.

Obtaining and transferring information (for example, through research,
education, and interpretive programmes).

An example of a multiple-objective MPA is the Cousin Island Special Reserve,
a sea and land bird sanctuary in the Seychelles which also protects turtles, coral reefs
and vegetation (Part III, Case No. 6), and includes research and limited tourism
among its objectives.

Impressive benefits have resulted from protecting other coral reefs; e.g., in the
Netherlands Antilles (Bonaire Marine Park), where diving tourism has increased; in
the Seychelles (Ste. Anne National Marine Park), where the park is used by both
residents and tourists for picnicking, swimming, sailing, snorkeling, diving and glass
bottom boat excursions; in Fiji (Tai Island), where subsistence catches have increased,
tourist activity has expanded, and the holders of traditional fishing rights are involved
in managing resorts and boats; and in Kenya (Malindi/Watamu, Mombasa, and
Kisite/Mpunguti National Parks and Reserves), where resultant tourism generates
revenues through gate, guide, and camping fees, rental of boats and equipment, and
hotel expenses. It also has indirect benefits, creating jobs in hotels and for guides and
boatmen.

Protecting lagoons and estuaries has also provided measurable benefits. An
example is the Tortuguero National Park in Costa Rica which has conservation of turtles
as a primary objective but also protects nearly 19,000 ha of tropical wet forest and
palm swamp, a priceless remnant of the diminishing wilderness of the Caribbean
lowlands. In another example, about 3,000 people depend on the fisheries in or at
the mouth of Laguna de Tacarigua National Park in Venezuela, where the annual yield
of fishery products is approximately 1,000 tons. In addition, the lagoon offers
recreation, protects feeding grounds for flamingos and roosting and nesting sites for
scarlet ibises and seabirds like frigate birds and boobies, and conserves endangered
species like crocodile and tortoise (see Case History in Part III for details).

Enlightened programmes can accomplish conservation along with other
activities. For example, restricting access to a military area in Queensland, Australia,
has resulted in the protection of a large number of endangered dugong (Dugong dugon),
which is compatible with military activities. Similarly, military activities on Diego Garcia
Island in the Chagos Archipelago provide for turtle protection. However, bombing
practice by U.S. Navy pilots has disturbed the coral-based ecosystem of Vieques
Island near Puerto Rico.

Properly designed protected areas can provide for a variety of uses and use
controls in large scale integrated resource management programmes (Figure I-3). The
management of Australia’s Great Barrier Reef is an example of such integrated
management. The government established a multiple-use management regime over
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this 300,000-km area, which is zoned to separate incompatible activities and to
reserve sites for their most appropriate uses. Example zones are Marine National Park
Zones, Scientific Research Zones, Preservation Zones, Replenishment Areas, and
Seasonal Closure Areas (Part III, Case No. 10).

FiGure I-3.

Biodiversity is important for tropical ecosystems and is attractive to fourists.

1.2 The Value of Biodiversity

It is popular to use tropical rainforests as the yardstick by which to compare
biodiversity. However, as Ray and Grassle (1991) pointed out, “...marine systems are
extraordinarily diverse in all aspects, from genetic to taxonomic to ecological.” The
ocean floor communities may be as diverse as any land area. Ray (1988) stated that
tropical reefs have a variety of species equal to tropical forests, but overall, the seas
have about twice the number of phyla as land. As the majority of marine phyla occur
in the coastal zone, the marine portion of this zone could be considered the most
biologically diverse area of the world (Ray, 1991) and, by extension, the most in need
of protection.

Conserving the diversity of life is an objective of all MPAs, regardless of the specific
intent for their creation. But it is necessary to recognize the difference between
biodiversity, reflected by the number of species, and genetic diversity (a subset of
biodiversity), reflected by the variation within species. The land has more species than
the sea, and hence greater biodiversity. Marine organisms, however, tend to exhibit
more genetic variability; thus they have great genetic diversity. Both types of diversity
are important and of value to people.

Siirila.

Photo by Erkki
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The value of biodiversity has been at the heart of most publications concerning
the need for its conservation. It is addressed generally in “Global Biodiversity Strategy”
(Raven, 1992), “Caring for the Earth” (IUCN/UNEP/WWF, 1991), in “Economics and
Biological Diversity” (McNeely, 1988), in detail in “Global Biodiversity” (WCMC,
1992), in a special issue of the journal Ambio (Vol. 21(3), 1992), and by Norse (1993)
in his landmark book “Global Marine Biological Diversity”.

Marine species are survivors of 3.5 billion years of change (Norse, 1993). So
which are more or less important to conserve? If we asked a selection of people from
different user groups we might expect them to answer as below:

Subsistence and artisanal fishermen: “prawns, crabs, lobsters, snappers, groupers,
emperors, rabbitfishes, sardines.”

Industrial fishermen: “kingfishes, tunas, prawns.”
Sport fishermen: “sailfishes, marlins, tunas, kingfishes.”
Sea farmers: “prawns, oysters, red algae (Euchema).”

Traders in aquarium species: “ornamental reef fishes, anemones and certain
colourful reef invertebrates.”

Biologists: “coelacanths, corals, mangroves, sharks, toxic animals.”
Ecologists: “coral reef communities, mangrove forests, various keystone species.”

Conservationists: “turtles, mother-of-pearl shells, dugongs, whales, coconut
crabs.”

Person on the beach: “dolphins and whales, coral reef fishes, birds, shade trees.”

These constructed FIGURE I-4.
examples above show the
importance of biodiversity
in satisfying the require-
ments of different users. It
also shows how we need to
conserve a full range of
species and, consequently, |
their supporting habitats |
(Figure 1-4). '

Biodiversity-based tourism is big business in the Caribbean.
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The variety of species offers us opportunities for the discovery of new uses for

them, as in medicine and mariculture (the farming of marine organisms). The genetic
variation within a species offers opportunities to refine its uses, for example, by

selective breeding for increased growth rate or resistance to diseases.

The application of marine taxa in biomedical research and pharmacology is a

real value backed up by numerous examples. Many marine organisms have highly

active biochemical compounds that have yielded extracts with direct antimicrobial,

antileukemic, anticoagulant and cardio-active properties. The species producing
these compounds may be important in the direct production of pharmaceuticals, such

as anticancer drugs, or their compounds may provide models for the synthesis of new

and effective drugs.

The value of wild genetic resources in the improvement of terrestrial food
crops and livestock has been convincingly demonstrated, but examples of marine

applications are largely lacking.

Given the expanding development of mariculture worldwide, especially for
prawns, oysters, mussels, and salmon, wild genetic material will inevitably be
increasingly drawn upon to improve farmed stock. Most stock for mariculture is

FIGURE I-5.

The underwater forests of giant kelp around Santa Catalina Island
(California) provide feeding areas for a wide variety of marine
organisms including the Garibaldi (in the foreground).

1.3 Preserving Biodiversity

obtained from the wild, such as
seaweeds, turtle eggs and hatch-
lings, edible oyster and mussel spat,
pearl oysters, juvenile prawns, and

milkfish fry.

In situ protection of species
(protecting them in their natural
habitats) offers the best method
for preserving genetic diversity. In
situ protection requires habitat
conservation, and this is best
achieved by establishing MPAs
(Figure I-5).

For the purposes of this discussion, marine biodiversity is taken simply as the variety
of life forms (species, communities, populations) in the seas and along the coasts of
our ocean planet. However, underlying this simplistic definition is the understanding
that these life forms in their various assemblages are the expressions of a variety of
processes, and that these processes are integral components of biodiversity. Species
and their environment are inextricably linked through complex interrelationships, and
it is these synergistic feedbacks that sustain the structure and functioning of ecosystems

(Perrings et al., 1992).



PART |
The Roles of Protected Areas

Today, species of plants and animals are being plunged into extinction at
unprecedented rates largely because their habitats are being destroyed (Norse, 1993).
Coral reefs are being blasted by dynamite fishers, poisoned, broken up by nets, and
smothered by silt washed down from eroding hinterlands, rendering them near
lifeless mounds of coral rubble. Turtles and dugongs are gone from parts of their former
range, and endemic plants, birds and mammals falter on the brink of extinction as
the last remnants of coastal forests are cleared for fuelwood.

In the last decade, biodiversity has risen from a new and undefined term in our
vocabulary to a global issue, and major works on the subject have been published in
the last few years (see section above). Norse (1993) provides an extremely detailed
account of biodiversity in the seas, including patterns of distribution, threats, and
conservation needs, tools and priorities. The United Nations Convention on Biological
Diversity has put biodiversity on the agenda of governments, donor agencies, and NGOs
as a high priority.

We are committed to our descendants and to other creatures to act prudently.
We cannot predict what species may become useful to us. We may learn that many
apparently dispensable species can provide important products, like pharmaceuticals,
or are vital parts of life support systems on which we depend. For practical economic
reasons, preserving biodiversity is necessary both to secure food, fiber, and certain
drugs and to advance scientific and industrial innovation. For reasons of both ethics
and economic self-interest, therefore, we should not cause the extinction of a species.

Fishes are the most abundant group of vertebrates, both in terms of numbers
of species (22,000 out of a total 43,000 vertebrates) and individuals (WCMC, 1992).
More than 63% of fishes are marine, exhibiting great diversity in size (ranging from
1 cm long to 15 m), shape (long thin and snakelike, disc-shaped, globular or box-shaped),
and habitat (from polar seas to the tropics, from under ice to thermal vents, from
intertidal through all depths to the ocean floor), yet they remain the least known of
the vertebrates.

In considering biodiversity from the perspective of species richness, the total
number of species may not be as important a parameter as the composition of
species (Figure I-6). Thus, species should be evaluated, not simply enumerated. Many
inconsequential species may not be as valuable as fewer important ones.

For example, Matthes and Kapetsky (1988) have compiled comprehensive lists
of algae, molluscs, crustaceans, echinoderms, and fishes of economic importance that
are associated with mangroves. Totaling species over all the taxa they list yields the
following totals: western Central Pacific 732, eastern Indian Ocean 640, western
Indian Ocean 654. While mangroves might be low on a species diversity scale, they
are of inestimable value as: nurseries for many species of direct commercial or
subsistence value; species of no immediately apparent value to people; and as
ecological support systems for the inshore marine environment (FAO, 1994; Saenger
et al., 1983)
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FIGURE I-6.

e . | 4 T

Diverse habitats encourage diverse species; Yanbu Reef, Red Sea.

Also, certain species, such as predatory or nonterritorial fishes, may have large
area requirements, especially if they are poor at dispersing among separated habitats,
and may be absent in smaller habitat areas. For example, in the Chagos Archipelago
(West-Central Indian Ocean) specific corals were found only on reefs larger than a
certain minimum size (Salm, 1995).

1.4 Preserving Genetic Diversity

Wild genetic resources are lost either through the extinction of a species or through
the extinction of individual populations of that species (genetic impoverishment). The
first process is final and irreversible. The second is a matter of degree and is to some
extent reversible (FAO/UNEP, 1981). In the sea, where endemism (the restricted
distribution of a species to a relatively small geographic area) is low compared to that
on land, the problem is less one of species extinction than of genetic impoverishment.
No significant or detectable increase in extinction rates of fish species has been
observed in the ocean, but overfishing, pollution, and habitat destruction have
extinguished populations (Norse, 1993). Organisms occupying diminishing habitats
will likely never again reach their present levels of genetic diversity.

Human activities diminish genetic variation and encourage the extinction of
species in a number of ways:

Pollution and other environmental changes that stress a population, causing
differential mortality, extinction, or both.

Fishing pressure, which can favor some genotypes over others.

Photo by John Clark.
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Artificial selection and domestication, which can result in conscious or
unconscious inbreeding and genetic impoverishment.

Introduction of exotic species and diseases.

A dam in a river, for example, may create a habitat unsuitable for existing
riverine species that depend on periodic flooding or moving water. It may also prevent
the reproduction of anadromous species (those that move up rivers from the sea to
spawn) and catadromous species (those that move down rivers to the sea to spawn).
Such species will be lost or seriously depleted. Yet the lifespan of the genetic reservoir
will be too short by many thousands of years for the evolution of new replacement
lake species.

Broadly speaking, there are three ways to preserve marine genetic resources
against such human-caused losses. One is establishing gene banks, that maintain genes
for future use (more widely used for terrestrial genetic resources, such as through
seed banks, botanical gardens, and zoos). A second means is preventing the
overexploitation of species by managing the harvest, or by supplementing the harvest
of wild stocks with cultivated products, or by prohibiting the harvest and trade of
depleted and endangered species. A third means is creating protected areas for habitats,
since a major threat to the survival of some populations of species is the destruction
of critical elements of their habitat. Such coastal and marine protected areas function
as in situ gene banks, preserving genetic material within an ecosystem rather than a
special storehouse (Prescott-Allen and Prescott-Allen, 1984).

Coastal and marine protected areas can help maintain in situ gene banks in a
number of ways. They protect rare, threatened, and endangered species and populations
or species known or likely to be of value as genetic resources (e.g., the wild relatives
of farmed species or other wild species useful to people). Local extinction and
depletion of stocks have resulted in part from habitat destruction and in part from
the high demand for such species, for example, whales, turtles, dugongs, and certain
molluscs and corals (Figure 1-7).

Preserving genetic diversity is important for maintaining the fitness of species,
with all its social and economic implications, and is equally important for maintaining
the native variety that helps to maintain the integrity of biological communities.

To feed and accommodate 1,000 or more species in the limited area of a coral
reef, for example, there must be tremendous subdivision of niches (the functions of
species in their community, habitat, or ecosystem). This subdivision requires the
constituent species to be highly specialized. Also, the different species live close
together on the reef, and constantly interact so there is great species interdependence
(e.g., fish species living commensally with anemones or fish that feed by removing
parasites from the gills of larger fishes). A result of this species interdependence is that
eliminating one will likely lead to losses of others. The effects could be far-reaching
through the coral reef community, particularly if the original biodiversity is not
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FiGure I-7.

Whales breed in several protected lagoons in Baja California, Mexico.

maintained. It is this diversity that enables recruitment of larvae best suited to the new
conditions in decimated areas, and it is recruitment that begins community restoration.

Genetic material determines how much species can adapt to changes in their
environment. In several organisms, including some fish species, individuals having
the most genetic variation (and hence greater tolerance of environmental changes)
have been shown to have better survival rates or higher relative growth rates
(FAO/UNEP, 1981). New genetic variation arises in a population from either the
spontaneous mutation of a gene or the immigration of genetically different individuals
from a different population of the same species. For example, there are pale or
smoky varieties of the tiger cowrie (Cypraea tigris) and dark ones. These varieties are
the expressions of different genotypes, i.e., combinations of genes. Alternative forms
of a particular gene (called alleles) cause variation among individual organisms, for
example, in the background colour of shell. The number and relative abundance of
alternative forms of a gene in a population is a measure of genetic variation (called
heterozygosity). The total amount of genetic variation in all populations of a species
is a measure of its genetic diversity. Finally, genetic diversity is a measure of a
population’s ability to adapt to environmental change or stress, and thus of its ability
to survive (FAO/UNEP, 1981).

Genetic differences may explain the differential susceptibilities of corals of the
same species to elevated seawater temperatures at various locations. While unable
to save a population in one location, these differences could confer resilience to
climate change in a species over all its range. Although the mechanism is not clear,
an example of susceptibility to climate change is provided by the corals along the

Photo by John Clark.



PART |
The Roles of Protected Areas

Arabian Sea and Gulf of Oman coasts in the northwestern Indian Ocean. The corals
Euphyllia, Tubipora, Goniastrea, and Montastrea are all found alive in a few restricted
locations off the southern Oman coast, but have all died out in the north and central
coasts where they occur only in Pleistocene beach deposits (Salm, 1993). A similar
pattern is demonstrated by the molluscs Cypraeacassis rufa, Lambis lambis, and
Tridacna. While the majority of corals and molluscs were able to survive the changes
accompanying the transition from Pleistocene to present, the few mentioned above
fell victim.

A species must adapt or die out when faced with environmental change. Did
the corals and molluscs in northern Oman die out because the communities there
were less diverse than further south, hence more susceptible to perturbations? Pimm
(1984) suggested that species might be more resilient to environmental change if the
food web is more diverse. However, there is no evidence to show that complex tropical
reef systems are any more resilient than less diverse polar ones.

Genetic resources cannot be preserved in the wild without maintaining ecological
processes and life support systems. Both ecological processes and genetic resources
must be maintained, then, for the sustainable utilization of species and ecosystems.

1.5 Conserving Ecosystems and Maintaining Ecological Processes

MPAs can conserve entire ecosystems that are unique, particularly rich in species,
representative of biogeographical units, or exceptionally productive of seafood. There
may be unique ecosystems that have complements of species that are found nowhere
else, having evolved to live in their specific environmental conditions. These ecosystems
represent a high-risk natural investment of biodiversity and related genetic resources,
all of which may be lost if such habitats are destroyed. Ecosystems rich in species—
of high biodiversity—represent good investments since they yield a high number of
options for the conservation effort expended.

Different ecosystems have, among their complement of species, genetic resources
influenced by different ecological conditions. Some species are confined to specific
biogeographical regions, while others have separate populations in different regions.
Such separate populations may be genetically distinct, each having developed specific
characters favoring survival in the different regions. As Prescott-Allen and Prescott-
Allen (1984) observe, “Not all populations are equally useful; and useful populations
are not distributed evenly throughout the range of the species they comprise.
Consequently it is possible for valuable genotypes to be threatened with extinction
even though the species is widespread and abundant.”

The ecological systems of the sea may have great complexity—as in coral
reefs—or very high bioproductivity—as in “upwelling” areas where nutrient-laden deep
ocean waters rise to the surface. These examples differ from terrestrial systems in many
ways. Three-dimensional phenomena are more marked and important in the ocean,
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where organisms are less tied to the solid bottom than are land organisms to the earth.
But, more important because of the fluid nature of the seas, whole biological
communities exist as floating plankton-based entities distributed horizontally and
vertically through broad ocean spaces. Ocean currents are great mixers, transporting
organic nutrients produced at one site to distant locations and carrying planktonic
eggs and larvae of organisms to colonize distant habitats. In addition, many marine
species migrate long distances, like tunas, turtles, whales, and eels, and yet other
creatures, such as seabirds, depend on these. Since marine organisms are in closer
chemical contact with their surrounding medium than land organisms, they are
jeopardized more by pollution.

Conservation management of such large-scale ecosystems is a difficult challenge
and for the most part we must focus our protected area efforts on concrete situations.
For example, among the most ecologically critical and threatened areas are coastal
wetlands and shallows, especially lagoons and estuaries and their mangrove swamps.
Coral reef ecosystems are of more local, but nonetheless great, significance, providing
habitats for the fish on which many rural communities in developing countries
depend.

Wetlands, sea grass beds, and coral reefs are being degraded (Figure I-8), or even
destroyed the world over (Carpenter, 1983; ITUCN/UNEP, 1991; Wells and Hanna,
1992; Wilkinson, 1992, 1998), with severe effects on the economies that depend on
them. In Sri Lanka, the removal of corals to produce lime was so extensive that a local
fishery collapsed.

FIGURE I-8.

MPAs help maintain ecosystem
productivity; safeguarding essential ecolog-
ical processes by controlling activities that
disrupt them or that physically damage
the environment. Some of these processes
are physical, such as the movement of
water, food, and organisms by gravity,
waves, and currents. Others are chemical,
such as concentration and exchange of
gases and minerals, and biological, such as
nutrient transfer from one trophic level to
another. Some, such as nutrient cycling, are
of all three types. It is these processes that
maintain ecosystem integrity and produc-
tivity. Lake lchkeul in Tunisia is an example
of an MPA where ecosystem processes are
maintained (see Box I-1).

Reef fishes need healthy coral reef
ecosystems fo prosper.
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Box I-1. Ecosystem Conservation: Lake Ichkeul in Tunisia

Lake Ichkeul in Tunisia is an example of a protected area where ecosystem processes
are maintained. Lake Ichkeul was declared a National Park by the Tunisian government
and also nominated as a World Heritage Site, a Wetland of International Importance
(under the so-called Ramsar Convention) and a Biosphere Reserve (under the United
Nations Man and the Biosphere Reserve Programme). In the early 1980s it was the only
area in the world with three international categories. This reflected the richness of its
biota, its ecological diversity, its regional importance, and the value of the processes that
sustain it.

Lake Ichkeul is considered to have the most important wetlands (marshlands) in
the Mediterranean region. Hundreds of thousands of migratory birds rely on its marshes
as a seasonal habitat, making this a crucial site in the international conservation of these
species, which are of high economic value at both the north and the south extremes of
their migrations.

The water balance of Lake Ichkeul is determined by the alternation of summer
evaporation (lowering the water level and causing an influx of salt water) and winter
inundation (raising the water level and causing dilution of the lake). In winter, 250 to
400 million cu. m of freshwater flow into the lake from five main sources. The flooded
marshes of the lake then give shelter to migratory birds flying over the Mediterranean
to spend the winter in North Africa. Toward the end of spring, as the water drops below
sea level, seawater flows into the lake. Between 10 and 30 million m? of saltwater flow
into Ichkeul annually through the Tinja Canal to compensate for summer evaporation,
and the lake’s salinity increases tenfold. The ecosystem depends on these annual cycles.
The marshes, birds, and fishes are all adapted to these processes in the site’s complex
hydrology.

Source: Baccar, 1982.

External impacts on coastal ecosystems are widespread: industrial and agricultural
pollution, siltation from eroded uplands; filling to provide sites for industry, housing,
recreation, airports, and farmland; dredging to create, deepen, and improve harbors;
quarrying; and the excessive cutting of mangroves for fuel. As the commercially
valuable fisheries for fish, crustaceans, and molluscs become more fully exploited,
the effects of habitat destruction and pollution will become more evident, particularly
on those species depending on coastal wetlands and shallows or on wetlands for
nutrients or for spawning grounds and nurture areas (Figure I-9). Correction of these
problems can be addressed by integrated systems, such as Coastal Zone Management
(CZM), which are mainly intended to control shore based impacts.

A system of protected areas that includes examples of representative, unique,
and critical habitats, as well as species-rich habitats, along with the processes that
link them into the complex marine-coastal ecosystem, provides the maximum
guarantee of biodiversity conservation and the continuity of native stock available to
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FIGURE I-9. restore depleted areas. Also,
this habitat mix can maintain
a genetic pool of unexploited
species that may prove espe-
cially valuable in the future;
for example, in medicine and
mariculture. It is this mix of
species, habitats, supporting
processes, and ecosystems that
helps to maintain the integrity
of entire living systems that, as
Norse (1993) has indicated, is
Mangrove stands provide shelter and nutrients for coastal species. essential for the preservation of
biodiversity.

1.6 Sustainable Use

A basic assumption of this book is that it is in every country’s best interest to achieve
a sustainable yield of its resources. Sustainable use requires control of harvest of
individual species and marine communities together with conservation of the habitats
and ecosystems on which they depend, so that their current and potential usefulness
to people is not impaired. Resources should be managed so that the ability of a
resource to renew itself is never jeopardized. Such management maintains biological
potential and enhances the long-term economic potential of marine renewable natural
resources.

Another fundamental fact to consider FiGure I-10.
here is that many millions of people living
along the coasts of the world have small
cash incomes (less than $300 per year) and
subsist on local resources. The lives and
destinies of these people are linked to the
sustainability of their resources. They will
continue to turn to these resources with or
without conservation (Figures 1-10, 11).
Some may manage for themselves using

customary practices, but often they need
help.

Fishermen rely on the most accessible resources, with

: _ litle knowledge that they can cause rapid depletion
three broad categories. First are uses that o socks. Turfle carapaces make useful containers for

permanently alter ecosystems (e.g., urban, salting fish, turtle meat, and eggs, but excessive
industrial, and agricultural developments). exploitation can ruin the resource (Pukkulom Village,
Second are extractive uses, which include Sri Lanka)

Intervention into ecosystems falls into

Photo by R. Salm.
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harvest of edible resources (e.g., fishes) FiGure I-11.
and of resources having other values,
such as construction (e.g., mangrove
poles, coral blocks, sand, lime, and other
building materials), ornamental (e.g.,
corals, pearls, and shells), domestic
(e.g., sponges), scientific (a wide range
of species), industrial (e.g., giant clams
and species yielding pharmaceuticals),
and maricultural (e.g., oysters and
mussels)—people harvest these for
subsistence, commercial, research, and
recreational purposes. The third cate- |, many developing countries fisherfolk are among the

gory of use is non-extractive, including  poorest people, despite long hours of hard and dangerous
recreational activities (e.g., diving, work to confribute fo the nutrition of their communities. The

boating, bird watching, and swimming), - <ritical habitats on which their livelihoods depend need
research, education, development of profection.

marine parks and reserves, and the use of coastal habitats as natural boat harbors
(e.g., estuaries and atoll lagoons) and for coastal protection (e.g., dunes, barrier
islands, mangroves, and coral reefs).

Photo by R. Salm.

1.7 Protecting Commercially Valuable Species

Ficure I-12.

Of great economic importance is maintaining
productivity for fisheries—an obvious example
of an ecological process directly supporting
people’s economic well-being (Figure I-12).
Naturally productive ecosystems, such as coral
reefs and estuaries, provide free of cost what
expensive mariculture can barely match-
continued fish production. Continued fish
production means a reliable source of food and
continued livelihood for fishers and for others
in the fishing industry, including boat builders,
trap and net makers, packers, distributors, and
retailers. Finally, continued livelihood means
continued social, cultural, economic, and political
stability.

In many parts of the world, seafood sup-
plies most of the animal protein and much of the : :
livelihood for large populations of people (Figure A icangl fishermen in Palau depend upon
I-13). In Africa, where artisanal fisheries provide  healthy reef ecosystems to provide their cafches.
the bulk of the fish eaten by local people, these

Photo by John Clark.
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FIGURE I-13. fisheries are widely considered to be fully
exploited (Brainerd, 1994; Hatziolos et al.,
1994; Insull ef al., 1995; Tvedten & Hersoug,
1992), with some already being exploited
beyond the level of sustainability with no
margin for feeding increasing populations.
Because demand is increasing with population
growth and prosperity, fisheries are typically
not managed for sustainability; their contri-
bution to national diets and income is dimin-
ishing and is likely to continue diminishing.
MPASs can help sustain such fisheries.

Past and present overfishing has caused
many of the world’s most valuable fisheries to
be seriously depleted. Nor can it be assumed
that depleted stocks will recover naturally to
In Dominica these bo)/s do their share b)/ reach their full potential. In fact, this is most
supplying seafood to the community of Portsmouth. ~ unlikely for several reasons: juvenile fishes
They carry typical West Indian fish traps. will continue to be caught for the aquarium

trade or as bycatch by “industrial” fisheries and
ground up for animal feed; other species may invade the territories of depleted
species and prevent their return and; habitats essential for spawning or as nurture
areas may be degraded or destroyed and lose power to regenerate stocks. Also many
lucrative and exploitative and destructive fisheries are being accelerated such as
those that catch and transport large live fish and those that stun fish with cyanide.

In addition to depleting fish, crustacean, and mollusc stocks, overfishing has
nearly extinguished some popular species, like whales, dolphins, and sea turtles.
Some are the victims of incidental capture as bycatch along with “target” species and
are killed and discarded. An example of this wasteful practice is the incidental capture
and killing of sea turtles in fishing nets, which threatens the survival of several
species.

Protecting critical habitats may be necessary to maintain high fisheries returns
or even to prevent the “economic extinction” of commercially important species. Many
commercially valuable species are not now threatened with biological extinction, but
because they are heavily exploited they could nevertheless be “commercially threatened.”

Invertebrates are often very important to subsistence and artisanal fishers. For
example, the palolo worm, Eunice viridis, an important food resource in Fiji and Samoa,
is reported to be declining. While the causes of the decline have not been scientifically
determined, they may include a variety of factors, such as destruction of coral reefs,
siltation, and pollution. Reserves to protect its main breeding areas have been
established, for example, the Palolo Deep Reserve in Western Samoa.
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The coconut crab, Birgus latro, is another invertebrate species that is an
important food resource for many island peoples (Figure I-14). Although still abundant
on islands like Aldabra, where exploitation is negligible, populations declined on many
others, including the Chagos Archipelago and Guam (Sheppard, 1979; Amesbury, 1980).

Giant clams (family Tridac- FiGure I-14.
nidae) have been overexploited
throughout much of their range.
Mariculture may prove a major
tool in conserving and managing
these resources (Munro and
Heslinga, 1982), but in the mean-
time MPAs are probably the only
way of preserving the remaining
stocks in some countries. In
Australia, giant clam populations .."E ﬁa&
are protected by the Great Barrier “ $
Reef Marine Park. These reserves n 1

may play important roles with

the development of mariculture The rare coconut or robber crab {Birgus /afro) is a tasty, easily
caught creature in desperate need of protection (Aldabra Atoll Strict

Nature Reserve and World Heritage Site).

Photo by R. Salm.

operations. Programmes are well
under way for the queen conch,
giant clams, and commercial trochus Trochus niloticus (Berg, 1981; Munro and
Heslinga, 1982; Heslinga and Hillman, 1980). One of the objectives of such programmes
is restocking overexploited areas. The areas will have to be protected to establish the
new populations.

In Indonesia and the Philippines some invertebrate populations are declining
at alarming rates. In Indonesia, sites were sought for reserves specifically to protect
certain species. For example, a marine reserve was delineated for an area off Irian
Jaya, which is still rich in one species, Tridacna gigas, and another reserve was
identified for the species T. derasa in the Flores Sea. In the Philippines, there is little
protection for clams. One exception is the marine reserve along the west side of Sumilon
Island, Cebu, which protects substantial numbers of the clam species T. crocea,
T. maxima, T. squamosa, and Hippopus hippopus (Alcala, 1982).

1.8 Replenishing Depleted Stocks

Protected areas can contribute to the replenishment of threatened marine resources
through creation of No-Fishing Zones (No-Take Zones, Sanctuaries). They can
safeguard breeding sanctuaries from which individuals can disperse to stock exploited
areas. Other MPA protections may be necessary to safeguard recognized nurture
areas (nursery areas) for juvenile stages (Clark, 1996).
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Coastal and marine protected areas can benefit the breeding stocks of valuable
but vulnerable species, like such predatory fishes as snapper (lutjanids), jacks
(carangids), groupers (serranids), and porgies (lethrinids). These are the first fishes
to disappear from heavily fished areas, as in Indonesia where they may be rare or
absent on many reefs. Protected areas can aid the replenishment of depleted stocks
by preserving seed stock that can be transported to depleted areas. In addition,
protecting key breeding stocks in certain protected areas can help replenish depleted
habitats nearby through out migration.

In the Philippines, trials with closing a part of the coral reef around each of several
small islands as fish stock replenishment zones have been successful. In the 1970s,
15 ha of a 50 ha reef area surrounding Sumilon Island was closed to fishing to serve
as a sanctuary. In the other 35 ha, “ecologically sound” fishing methods were prescribed.
The total catch went from 3,633 kg in 1976 to 6,948 kg in the first 10 months of 1979
(Alcala, 1979). Apparently the closed sanctuary served to enhance the regenerative and
other capabilities of the stocks. But political difficulties ended the trial.

Then in 1984, a new project involving intensive community participation, was
commenced at three Islands—Apo, Balicasag, and Pamilacan. About 20 percent of
the reefs were closed at each with good results. The programmes continue to the present
at each island. In a survey in 1997, fishermen of all three islands agreed that fishing
was better because of the reserve and its sanctuary, which served as a semilyahan
(breeding place). A site survey in 1992 showed increases over the six years since 1986
of 83, 32, and 7 percent respectively in food fishes, total fishes, and species richness.
Coral reef cover has remained stable. Dive tourism increased significantly.

The professional staff who worked with the islanders helped them to understand
the ecological processes involved, to organize effective marine management committees
with core groups, to get supportive ordinances in place, to build community centers
(funds provided by project), and explore opportunities for additional income. After
this initial assistance, the programme has continued successfully as a community based
operation and without significant outside intervention, according to White. (Part III,
Case No. 4).

Another example is Looe Key Reef, a well developed bank reef in the lower Florida
Keys (USA) which had seen heavy spearfishing for many years. As a result, its
predator species were depleted, including snapper, grouper, hogfish, snook, and
barracuda. Individuals of these species were also significantly smaller than those on
reefs where there was less spearfishing. With predators scarce, prey species and non-
target fish, such as parrotfish, damselfish, grunt, and sea urchins, had become more
abundant. Following its designation in 1981 as a national marine sanctuary and the
prohibition of spearfishing, a major increase in the number of key fish species on Looe
Key Reef was seen in sanctuary-supported research (Clark ez al., 1989). Scientists suspect
that part of the increase results from an influx of adults and young juveniles from
other reefs and part from security of those already there. Furthermore, in many
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reefs under protection, larger, attractive fish appear to be less frightened of fish
watchers and do not flee so quickly when approached (Figure I-15).

FiIGURE I-15.

Photo by Kaf Smith.

Large yellowtail snapper at Roatan Reef, Honduras.

1.9 Education and Research

Natural areas are used for both education and formal training, as well as research.
Public education is usually organized around on-site interpretive programmes in
the protected areas. Such programmes may take the form of guided or self-guided
trails, for example: boardwalks through coastal wetlands (Figure I-16), underwater
trails like those through the reefs at Buck Island National Monument in the U.S. Virgin
Islands (Figure I-17), and underwater viewing chambers like those found at Green
Island on the Great Barrier Reef (Australia) and in several marine parks in Japan.
Off-site interpretive programmes involve publications, lectures, and film or slide
shows provided at visitor centers,

Ficure I-16. schools, and other institutions, or

gk through television.

FiIGURE I-17.

Photo by John Clark.

Underwater signs inform visitors of the

Boardwalks facilitate educational visits to coastal profected areas marine organisms in the Buck Island
(Umhlanga Nature Reserve, South Africal). National Monument, U.S. Virgin Islands.
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Field trips to marine protected areas and research stations by school and
university students exemplify their use for formal training. Natural areas can serve
as “outdoor laboratories,” providing living examples of ecological principles taught
in class (Figure 1-18).

Ficure I-18.

A group of U.S. and Mexican college students listen to a teacher during a boat trip in the Gulf of California. The
students spent  semester studying marine mammals and visiting protected areas near La Paz, Mexico.

Marine protected areas offer opportunities for academic research (e.g., on specific
behavioral or physiological subjects), applied research (on resource management needs
and the biomedical applications of reef biocompounds), and monitoring of specific events
(e.g., coral bleaching, crown-of-thorns outbreaks) or long term trends (such as the impact
of silt linked to land fill and dredging on corals of the Ste. Anne Marine National Park
in Seychelles), or the recovery of corals following control of blast fishing as in
Komodo National Park, Indonesia. The particular advantage of protected areas for
research is that they enable long-term continuing studies of the same group of
organisms or of the same plot of habitat without the disturbance of inquisitive
visitors, poachers, or vandals. The need to protect research areas is recognized by the
exclusive research zones created at Australia’s Great Barrier Reef and the USAs
Florida Keys Sanctuary.

1.10 Protection from Natural Hazards

An important, and often underestimated, function of habitats along wave-swept
shores is coastal protection against natural hazards. This protection is particularly

Photo by Erkki Siirila.
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important where fringing and barrier reefs and mangrove forests help protect low
lying coastal plains, plantations, and villages from the ravages of tropical storms and
tsunamis. It is important, too, along high energy coastlines characterized by sand dunes
stabilized by specific sand-binding
plants adapted to the harsh dune
environment (Figure I-19).

FiGure I-19.
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Barrier islands and sand cays
are dynamic habitats that protect
coastal communities from storm
waves—their shapes and positions
are determined by prevailing winds,
currents, and waves and the stabi-
lizing influences of reefs and vege- ~
tation. Interference with the = >
processes of island building and :
stabilization can lead to the loss of
houses, hotels, and other buildings,
along with the loss of valuable island and lagoon habitats. Designated MPAs can help

safeguard such sensitive environments by controlling access, uses, and restricting
construction to safe zones.

Photo by John Clark.

Sand binding plants build strong dunes and should be protected.

In Sri Lanka mangroves, small lagoons, and coconut groves disappeared because
of increased shore erosion, caused by mining of coral reef systems for lime products
(Figure I-20). The National Government responded by establishing a Coastal Zone
Management programme to control the mining. In Bangladesh, a “green belt” of
mangroves along the shoreline greatly reduced the damage caused by a major cyclone
in 1991.

Nature too suffers from catastrophic hazardous events. In many areas such
events are part of a natural cycle of destruction and recovery. Natural disasters (tropical
storms, tornadoes, floods, or even a heavy downpour at low tide, elevated sea water
temperatures and related coral bleaching, FiGURE 1-20.
and crown-of-thorns starfish outbreaks)
may devastate certain coastal habitats
and their associated communities.
Afterward, propagules (larvae and seeds)
drifting in from nearby areas can
replenish depleted communities and

speed the recovery of these habitats. If H_--"ﬁ A
thriving and intact communities are =~ - |
nearby, recruitment potential is high and — —
recovery can be complete. Having Sri Lanka suffered severe erosion of its shoreline when
sufficient protected areas helps ensure profected coral reefs were degraded by mining for

adequate recruitment. construction products.
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1.11 Recreation and Tourism

SCUBA diving, snorkeling, swimming, fishing, beach walking, surfing, and sunbathing
bring tourists to small island nations that have attractive shorelands (Figure I-21).
For example, the natural beauty, coral sand beaches, reefs, and rich natural history
of the Seychelles Islands and Mauritius are these countries’ major attractions for
European tourists. Each year millions of North Americans and Europeans visit
Caribbean and Pacific islands, Mediterranean coasts, and Florida’s beaches to relax
in the sun at the water’s edge, dive over wrecks and reefs, sail and waterski, fish, and
feast on seafood. Bali’s reef protected beaches draw hundreds of thousands of tourists.

Tourism is a major industry in these places, bringing to the countries scarce
jobs, revenue, and foreign exchange. The creation of protected areas should thus be
considered in national planning for tourism development in coastal countries. Marine
parks not only arouse interest but also may help to maintain the quality of the
recreational resources that attract tourists (Figure 1-22).

FiGure I-21. FiGURE 1-22.

Photo by Erkki Siirila.

The beaches of St.Lucia offer many forms of
recreation fo tourists, many of whom come from
Europe, Canada and the United States. A visitor observes the graceful elegance of a California
sea lion in the protected sea lion colony of Los Islotes, Baja
Where there is tourism in MPAs, California, Mexico. Visitation fo the colony is not allowed.
it is useful to set aside special tourism
zones for swimming, snorkeling, and other water sports. This will encourage tourists
and minimize conflicts with other uses, such as fishing. Also it can separate conflicting
tourism uses such as between speedboats and swimmers.

1.12 Social and Economic Benefits

There is a growing need to justify protected areas economically; that is, to show that
an area’s monetary benefits can exceed its monetary costs. This is a difficult task. It
is always easier to describe the values of protected areas than to quantify them. For
example, we can say that a particular coastal or marine protected area is a source of

Photo by Erkki Siirila.
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inspiration, spiritual enrichment, and recreation and enjoyment or that it serves as
a nurturing place for commercial species, a sanctuary for endangered species, and a
protector of migrating species. All these are the heritage of both a nation and the world
regardless of economic costs and benefits.

A statement like that of Kalati Poai, Department of Agriculture and Forests, Apia,
Western Samoa (Lucas, 1984), illustrates the cultural wealth of protected areas:
“National Parks belong to the people. Every man, woman and child in the country
has, as a heritage, these areas which are set aside forever to give pleasure to present
and succeeding generations. Thus those who use the parks have responsibility to
themselves and to others to treat this great heritage with care and respect. Reserves
are very important in the country. There are many important things in our life that
could become rare. If we do not preserve or protect some of our lands and seas, these
will be lost”.

However, it is very difficult to put monetary values on such inspirational,
natural, and cultural heritage benefits, or on those of national pride and international
obligation. Nevertheless, there is an increasing demand to counter mariculture
proposals or development schemes that promise large financial returns with solid
arguments based on valuations of the social and economic benefits of natural
production and the costs of degraded systems. These arguments should include the
benefits of marine protected areas and demonstrate that they can be self-financing,
especially in the developing world.

In the above examples the reader will find that some of the values can be easily
measured as “marketplace transactions”; that is, people pay specific amounts of
money for specific benefits. In an economic analysis, the costs of providing the
benefits are subtracted from what people have paid to obtain them (a cost-benefit
analysis). Other economic benefits are more difficult to express in monetary terms,
e.g., the additional food provided for a village by protecting and managing a lagoon.
Economists can create simulated measures (e.g., “shadow prices” or “willingness to
pay”) to judge such benefits in monetary terms. But there are many types of benefits
that cannot, and should not, be measured in conventional monetary terms. These
include most ethically based values like protecting endangered species and conserving
communities’ “way of life.”

A review of some recent methods of economic valuation, with specific references
for marine biodiversity, coral reefs, and mangrove valuations, is given in Section
I-5.10. A warning of the numerous pitfalls of such valuations, also given, should be
taken seriously. A comprehensive economic valuation of protected area benefits
should not be undertaken lightly, and should be done by competent specialists
according to the most recent techniques.
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Site Planning and
Management

arine protected areas (MPAs) require a specific planning process, which is

best done prior to the management phase, whether they are discrete sites or
sites within a larger management framework. The product of site planning is a Site
Management Plan.

It is important to differentiate between planning and management. Planning
provides the basis for decisions on how resources are to be allocated and protected,
for example, through the analysis and selection processes (covered in the next section),
and through the design or zoning and management programmes discussed below.
Management addresses the strategies and operations needed to attain the objectives
of the management plan.

Site planning should look at past progress, the current issues, and future needs
to identify priority actions from the full range of possible management interventions.

2.1 The Site Management Plan

The Management Plan for a particular site is a working document that is updated
periodically. Because its arrangement and complexity must be tailored to the needs
of the site, generic models may be suggestive but not prescriptive. Each site needs
its own customized plan.

There are many practical considerations in designing MPAs that are to be
addressed during the planning phase: location of MPA facilities; types of boats and
motors for surveillance and transport; boundary demarcations; zoning of activities
to separate incompatible uses where necessary; recruiting and training of staff; the
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development schedule and budgets; analysis of visitor use compatibility and safety
considerations; conflict resolution and cooperative arrangements with local communities
and industries; and such ecological factors as the types of habitats to include, and
the size of the protected area and its different zones. Also there should be consideration
of external impacts on the site and procedures to minimize these effects.

FiGure 1-23.

But before these items can be
addressed effectively, there is a need to
define the process that will be used to
determine exactly what needs to be man-
aged (the issues), the prioritization of these,
and how they will be tackled (the actions).
This is the issue-action analysis process,
described later in this section, that in this
form, or another, is the basis of the man-
agement plan.

The general objectives of the Site
Management Plan are to conserve habitats
and ecological processes in order to pre-
serve the value of the area for tourism,
fisheries, research (Figure I-23), education,
or other goals, and to protect certain
species and biotic communities. All these
objectives can be accomplished through an
active and appropriate management A diver couning reef fish in the Soufriere Marine
programme leading to sustainable use of Management Area, St.Lucia, to study the benefits of
coastal and marine resources. non-fishing zones.

2.2 Planning Approach

As the first step in the site planning sequence, a strategy document (or Preliminary
Plan) interprets the policies that need to be implemented, states the programme
goals, and lays out a basic strategy for achieving the programme. Planning a strategy
involves all the preliminary investigation, data collection, issues analysis, dialogue,
negotiation, and draft writing that is necessary to define the problems, to understand
the options and to lay the foundation for the Management Plan. Once the strategy
document is approved by policy makers, administrators, and stakeholders, the way
is clear to create an acceptable management format.

The importance of the strategy planning function cannot be overemphasized—
it is the key to all that follows in site management planning and implementation of
the MPA programme. It helps to organize the programme, to identify the main issues
and anticipate the questions that superiors, politicians, and supporters will ask, and
to provide the data to answer these questions.

Photo by Erkki Siirila.
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The initial Site Management Plan should not be considered as final, or cast in
stone. On the contrary, new knowledge revealed through management experience and
monitoring will reveal additional issues for resolution, actions and approaches that
require improvement, and planning mistakes that will have inevitably occurred.
Allowance for review and feedback on such matters as boundary delineation, user
rights and activities, and even the basic objectives for the area, should be provided
for in the Management Plan and used to modify management actions. It is exceedingly
important, therefore, that adaptable mechanisms are provided to enable management
flexibility, and that management plans include monitoring and feedback mechanisms
such as periodic stakeholder meetings, and internal and external reviews.

The MPA site may not need a full management plan to begin operations, but it
does need one for long term programme development. When circumstances—like
shortages of funds, time, or personnel—delay outside participation in site planning
for an MPA, managers should take action themselves to initiate plan formulation. In
fact, an important general rule for management planning is that the MPA site manager
should be identified during planning
and should have a high level of partici-
pation in the site planning process.

FiGURE 1-24.

Management goals outlined in the
Strategy Plan should address the long-
term ideal state and should be somewhat
open ended, identifying desired condi-
tions more than specific actions. Mana-
gement objectives represent short term,
measurable steps toward attaining these
goals. For example, one goal for a coral
reef protected area might be to protect
and maintain the integrity and natural
quality of the coral reef system. One
objective for the MPA, then, might be to
implement a specific programme to
protect the coral reef habitat from
damage. Such a programme might
include developing a boater’s guide to
safe anchoring procedures, re-
establishing corals destroyed by visitor
related activities, placing moorings at
diving sites to prevent anchor damage,
and periodically closing heavily used
sites to enable their recovery (Figure I-

Mooring buoys for visiting yachts and dive boats are an
24). important coral conservation tool in marine protected
areas (Soufriere, St.Lucia).
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Box I-2. Typical Objectives Addressed in the Sirategy Document or Preliminary Plan

Maintain a high quality coastal environment. Coastal habitats are a major resource,
providing commerce, food, recreation, and spiritual refreshment. Habitats near
coastal settlements can easily become polluted, ugly, and unproductive if protection
is not supplied.

Protect species diversity. A quality marine environment is needed to sustain species
and their habitats. MPAs can protect species.

Protect environmentally sensitive areas. Certain ecosystems are of such outstanding
biodiversity and ecological value that they should be set aside and protected from
alteration by development.

Conserve special habitats. Habitats of special importance include stands of mangrove
trees, coral reefs, kelp beds, submerged meadows of sea grass, sandy beaches and dunes,
and certain tideflat habitats. Wherever these occur on the coast they are presumed
to be critical habitats, the loss of which would reduce productivity, species well-
being, and ecological balance.

Conserve critical ecological processes. Certain ecological processes are critical to the
productivity of coastal ecosystems; e.g., light penetration through the water (which
can be blocked by excessive turbidity), nutrient transfer and trophic balance (which
can be disturbed by loss of natural organic materials such as happens when mangroves
are clear-felled).

Maintain water quality. Pollution from point sources and from land runoff as well as
accidental spills of contaminants can foul coastal habitats and waters causing human
health problems, ecological disruption and reduced productivity, as well as killing
organisms or contaminating shellfish beds. The MPA programme should attempt to
keep the area clean and productive.

Combine natural hazards protection with nature conservation. The measures best suited
to conserving habitats are often the same as those needed for barriers to storms and
flooding; e.g., protection of natural features like coral reefs, sand dunes, and mangrove
stands.

Restore damaged ecosystems. Many otherwise productive coastal ecosystems have
been damaged but are restorable by passive or active means. Restoration of coral reefs,
mangrove stands and other wetlands, sea grass beds, sand dunes, etc. may be a prime
objective.

Replenish depleted fisheries. MPAs have been shown to be effective in replenishment
of depleted fisheries because they safeguard breeding stocks of target fish species. In
MPAs these fishes are able to grow large enough to breed and produce juveniles that
then move out to settle in depleted areas.

Involve and educate the community. MPAs can play an important role in creating public
awareness of ecological values and needs for coastal and marine conservation.

Source: Modified from Clark, 1996.
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2.3 Site Planning Procedure

The site planning process is based on clearly defined conservation goals and objectives
as interpreted during strategy planning, as shown in Box I-2. To achieve these goals,
information on the site is needed, particularly site surveys to determine characteristics
of the resource, the uses of the resource, and threats to the resource. The design of
the MPA—based on this inventory—can be done following the general guidelines
presented in Box I-3 which identify many of the basic elements necessary for designing
MPAs and preparing the Site Management Plan.

Box I-3. Site Planning Guidelines

1. The strategy document identifies steps to establish a protected area and forms the
foundation for the Management Plan. It is the preliminary document by which
approvals are gained and designation of an MPA site is formalized. The strategy
document is thus an important part of the management process.

2. The Management Plan for the site is the operational guide for the MPA and identifies
actions to resolve specific management issues. It is thus a guiding tool for management.

3. The principal goal of the Management Plan is generally to maintain the natural
resource values (seascapes, species habitats, ecological processes) of an area, and to
ensure that all uses are compatible with that aim.

4. The Management Plan should aim to conserve natural values, optimize economic uses,
and integrate traditional uses. Through zoning, it should attempt to separate
incompatible activities, ensuring that particular uses are permitted only in suitable
areas and sustainable levels of use are specified.

5. The Management Plan derives directly from management issues and their related
objectives and activities. It needs to encompass legal and administrative concerns and
educational and social objectives along with ecological and physical ones.

6. The Management Plan should function to achieve interagency coordination and
cooperation among stakeholders (management authority, concerned departments of
government, neighboring communities and other user groups) and to facilitate
communication between MPA administration and management.

7. Initiation of site management need not be delayed until a MPA plan is completed. In
countries where lengthy bureaucratic procedures or other factors delay the completion
of the plan, an interim management document (operational plan) can be formulated
and implemented.

8. Management plans may be required to function as interpretive documents, being
designed for the public as well as for management. Planning workshops should be
conducted to garner interest from the nearby community as well as certain sectors
of the public.

9. Planning should examine the effects that MPAs have on local people and find ways
to avoid negative effects or compensate for these. Public consultation is important
both to identify current uses and to avoid conflict with local traditions and to
encourage participation in planning.

1



2

MARINE AND COASTAL
PROTECTED AREAS

Table I-1. Model Outline for MPA Site Management Plan

Executive Summary

Introduction
A. Purpose and scope of plan
B Legislative authority for the action
Management Content
A. Regional setting: location and access
B. Resources (facts pertinent to management; other data in an appendix
or separate document)
1. Physical: beaches, dunes, shoals, bars, reefs, currents, bathymetry, hydrology
2. Biological: ecosystems (coral reefs, seagrass beds, mangroves, dunes, forests,
Grasslands); critical habitats (nesting, feeding, spawning, roosting); species
(endangered, commercial, showy)
3. Cultural: archaeological, historical, religious.
C. Existing uses (description, facilities, etc.)
1. Recreational
2. Commercial
3. Research and education
4. Traditional uses rights, and management practices
D. Existing legal and management framework
E. Existing and potential threats and implications for management (i.e., analysis
of compatible or incompatible uses, solutions)
F. The plan
1. Goals and objectives
2. Management tactics
a. Advisory committees
b. Interagency agreements (or agreements with private organizations,
institutions or individuals)
c. Boundaries
d. Zoning plan
e. Regulations
f.  Social, cultural, and resource studies plan
g. Resource management plan
h. Interpretive plan
3. Administration
a. Staffing
b. Training
c. Facilities and equipment
d. Budget and business plan, finance sources
4. Surveillance and enforcement
5. Monitoring and evaluation of plan effectiveness
G. Appendices
H. References
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The value of the written Site Management Plan for an MPA is that it specifies
particular courses of action for interested persons, decision makers, and especially
the Site Manager for whom it will serve as an operational guide for daily management
actions. The plan establishes a philosophy of management to guide managers in the
numerous actions they will take over the life of the plan. It is important that the plan
sets realistic objectives for available management resources. To do otherwise encourages
false expectations and begs failure.

Each Management Plan should include a mechanism for evaluating effectiveness
and a schedule for its own revision. As a general rule, plans should have a life span
of three to five years. Plans should be flexible enough for managers to modify certain
activities based on their experience and on new data received during the implementation
phase. A model outline for a Site Management Plan is shown in Table I-1. This
outline is more of a guide to the basic elements of a management plan rather than
intended as a prescription. It will need to be adapted to each site depending on
purposes, scope, and who is implementing management. In cases of community-based
management, for example, simpler outlines that are more directly focussed on the
control of specific uses (like fisheries) will be ample.

2.4 Boundaries and Optimal Size

A major problem in conserving coastal and marine ecosystems is identifying their
ecological boundaries and using these in the protected area design. In the past,
protected area boundaries were based mostly on geological features (such as headlands
that provide a “natural” boundary), political districts (national, provincial, or district
borders), or costs (smaller areas may require less money to maintain). In general, there
has been too little ecological reasoning behind the demarcation of coastal and marine
protected area boundaries. Failure to recognize and use appropriate ecological
boundaries may lead to inappropriate boundaries and zoning of the protected area.

There is no general rule for the optimal size and design of MPAs. There are
proponents of “disaggregation” (establishing a number of small protected areas) and
of “aggregation” (establishing fewer larger areas). The arguments for “disaggregation”
are best applied to the terrestrial protected areas for which they were formulated; they
do not seem to hold so well for underwater areas, where aggregation seems the best
approach coupled with an effective use zoning scheme (see Box 1-4).
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Box |-4. Opinions Favoring Disaggregation

The arguments for disaggregation (advantage of selecting numerous small areas)
are given below and answered in light of the special characteristics of the marine
environment.

1. A number of small areas may support more species. There is no conclusive evidenc