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"In some areas human activity has destroyed entire reefs, converting them to algal-covered rubble, Who knows what

species, known and unknown alike, have already been wiped out? Who can say which ones will be winking out in

the near future, their intricate genetic codes, formed over millennia, suddenly gone, ...

More than forty years ago, I slipped into a sunlit
ocean, dear as air, not far from Miami, Florida, and
glided into a kaleidoscope forest of lavender sea fans,
cavernous sponges, and giant stands of elkhorn coral.
Thousands of fish moved about like animated frag-
ments of stained glass, and other creatures—red starfish,
black urchins, pink cucumbers, translucent anemones,
blue shrimp, brown crabs, silver hydroids, and numer-
ous others I could not name—embroidered every inch
of aquatic real estate as far as I could see in all direc-
tions. I witnessed that afternoon—my first of thousands
of dives on coral reefs around the world—a fair cross
section of the major divisions of life that have ever
existed on this planet. Nearly all ofthe major phyla of
animals and plants, as well as microbes, have at least
some representation in the sea, and most include coral
reef species. Only about half occur on the land, even in
the richest forests, swamps, and grasslands, Diving into
a healthy, productive coral reef system as I did on that
afternoon long ago, I ttaveled far into the history oflife
on earth, a surreal journey into time.

Recendy, I returned hoping to relocate that under-
water Garden of Eden, but found only barren coral
skeletons shrouded with gray-brown sediment. Again,
it seemed that I had ttaveled in time, only now the direc-
tion was a swift fast-forward fantasy, a glimpse of the
future. In my lifetime, I had witnessed change on a geo-
logical scale, wrought by my species. The rapid growth of
population in central and south Florida has had hidden
costs—the consumption, in decades, of species and nat-
ural ecosystems millions ofyears in the making.

Worldwide, including in some parts of Florida, there
are coral reefs and entire reef systems that appear to be
as pristine today as they were in ages past, but there is
no doubt that there is an alarming global ttend of
decline. Until half a century ago, the worst threats to
coral reefs were storms, volcanic eruptions, periodic ice
ages, and occasional comets striking the Earth. However,
since the 1950s, and at an accelerating pace, humankind
has added significant new pressures ranging from out-
right mining of coral for building materials, widespread
pollution, and destructive fishing practices to loss of
vital related mangrove and seagrass ecosystems.

n

—Osha Gray Davidson, The Enchanted Braid

Concern has been growing for decades about the fate
of coral reefs, especially in recent years as more and
more people have access to these underwater worlds
and have come to realize their value for reasons that
both embrace and transcend aesthetic, scientific, eco-
nomic, and environmental considerations. Many more
who have not seen these notorious "rainforests of the
sea" for themselves have been made aware of their
importance and are motivated to want to do something
to stay their swift loss. In 1997, which the United
Nations declared as the "International Year of the Reef)"
many questions were raised about just how widespread
the problems are and what can be done to help protect
what remains of healthy systems—and restore those
that are damaged.

Although coral reefs have become the subject of thou-
sands ofresearch projects in the past few years, remark-
ably little has been done to attempt a global assessment
of where and what are the most pressing problems. Yet,
such information is vital if effective action plans are to
be devised. The authors of this report have taken an
ingenious approach to gauge the areas most at risk, as
well as to highlight those with varying degrees of sanc-
tity, by correlating what is known about the disttibution
of reefs with the disttibution of known human impacts.
The result is a monumental overview, one that can be
used to help guide conservation efforts on a grand
scale—as well as up close, locally.

As human population grows, so will the pressures on
the natural systems that sustain us. Reefs at Risk: A Map-
Based Indicator of Threats to the World's Coral Reefs makes
it possible to pull back and gain perspective on past
problems as an effective way to anticipate—and perhaps
prevent—potential disasters in the making. The fate of
coral reefs, the ocean, and humankind forty years from
now and forevermore will depend on the intelligence,
motivation, and caring of people now alive. In that
spirit, this report provides hope that we may succeed.

Sylvia A. Earle
Explorer-in-Residence, National Geographic Society
Chairman, Deep Ocean Exploration

and Research Organization
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Coral Reefs of the World Classified by Potential Threat from Human Activities

Data Sources:

Reef'locations are based on 4-kilometer-resolution
grtdded data reflecting shallow coral reefs of the
World from the World Conservation Monitoring
Centre (WCMC).

Reefs are classified according to the Reefs at Risk
Indicator, an estimate of potential threat lo coral reefs
developed at the Wodd Resources Institute (WRJ).
This estimate is a composite of four separate

risk factors:

1) Coastal Development

2) Marine-based Pollution

3) Overexploitation and

4) Inland Pollution and Erosion
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The Reefs at Risk Analysis produced a mop-based Indicator of potential threats to ooral reefs.

In order lo capture the potential threats to coral reefs from coastal development, marine pollution,
overexploitation of marine resources, and inland pollution, distance-based threat surfaces wore
developed from 12 representative stressors. These Included cities, settlements, airports and
military bases, population density, mines, tourist resorts, ports, oil tanks and wells, shipping routes,
and areas where blast fishing or fishing using poisons Is known to occur. Additionally, a
watershed-based model was used to estimate potential erosion within the watershed to produce
an estimate of areas potentially threatened by Inland pollution and sedimentation. The 13 threat
surfaces were integrated with data on coral reefs location, resulting in a global classification of
potential threat to coral reefs.

The Reefs at Risk Project is a collaboration of The World Resources Institute,
The International Center for Living Aquatic Resources Management, and
The Wodd Conservation Monitoring Centre.
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Foreword

Coral reefs, which are among the most biologically
diverse ecosystems on the planet, are also some of
the most ancient. They first appeared in the Mesozoic
era some 225 million years ago and some living coral
reefs may be as much as 2.5 million years old.
Outstanding examples of our biological and natural
heritage, coral reefs are an important asset to local
communities—serving as a source of seafood, provid-
ing materials for new medicines, generating income
from tourism, and buffering coastal cities and settle-
ments from storm damage. Yet, in just a few decades,
human activities have devastated many of these bio-
logically rich, ancient ecosystems. In the next two or
three decades, more are destined for destruction.

Until recently, almost nothing was known about the
extent and condition of coral reefs. Unlike the change
in rainforests, that in coral reefs is difficult to assess
from satellites, and information on their status has
been scattered, anecdotal, and relatively inaccessible.
The state of knowledge began to improve in 1988,
when the World Conservation Monitoring Centre
(WCMC) completed work on a three-volume collection
of preliminary reports on coral reef problems in 108
nations, which was published by the United Nations
Environment Programme and the World Conservation
Union. In 1993, ReefBase, a global database on coral
reefs, was established by the International Center for
Living Aquatic Resources Management (ICLARM), and
WCMC. This resulted in the first global map depicting
the location of shallow reefs around the world, pub-
lished by WCMC in 1996. Eighty nations now partici-
pate in a Global Coral ReefMonitoring Network, to
assess the health ofreef ecosystems. This network and
other efforts will provide a clearer picture ofthe impact
ofhuman activities on coral reefs. However, it will take
years to assemble a comprehensive picture of the status
ofreefs based on field research.

Reefs at Risk: A Map-based Indicator of Threats to the

World's Coral Reefs provides the first map-based global
analysis ofthe condition of coral reefs. As such, it

marks a significant advance in understanding the con-
dition of coral reefs and should help stimulate further
data gathering that will improve subsequent reporting.
This study draws on 14 global datasets that are indica-

tors of development pressure, information on 800
ReefBase sites that are known to be degraded, plus sci-
entific expertise—to model areas where existing human
pressures indicate that reefs are threatened by sedimen-
tation, pollution, overfishing, and other factors.

The analysis offers a stark warning: the pressure of
human activities poses grave danger to reefs in most of
the world's oceans, and irreparable damage is occur-
ring rapidly. The exceptions are places still isolated
from intense human pressures and those few places
that have implemented effective measures to protect
reefs. That is the key. Action is needed, and action is
possible to protect these treasuries of ocean wealth.

Many of the protective measures needed to ensure
the health of these ecosystems are "win-win" options
for both reefs and people. Lor example, creating
marine parks and sanctuaries may enrich local com-
munities by attracting tourists and may benefit near-
by fisheries by protecting breeding stock of target
species. Eliminating perverse and often costiy subsi-
dies to fisheries and agriculture, for example, may
reduce overfishing, sedimentation, and pollution of
reefs, and building sewage treatment facilities within
coastal communities may provide both environmen-
tal and health benefits.

We deeply appreciate support for this project from
the United Nations Environment Programme, the
Swedish International Development Cooperation
Agency, the David and Lucile Packard Foundation,
the Bay Foundation, the Henry Foundation, and the
U.S. Environmental Protection Agency.

A (?4/1.15

Mark Collins
Chief Executive
WCMC

Meryl J. Williams
Director General
ICLARM

Jonathan Lash
President
World Resources Institute
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KEY FINDINGS

This report presents the first-ever detailed, map-based
assessment of potential threats to coral reef ecosys-
tems around the world. "Reefs at Risk" draws on 14
data sets (including maps ofland cover, ports, setde-
ments, and shipping lanes), information on 800 sites
known to be degraded by people, and scientific
expertise to model areas where reef degradation is
predicted to occur, given existing human pressures
on these areas. Results are an indicator of potential
threat (risk), not a measure of actual condition. In
some places, particularly where good management is
practiced, reefs may be at risk but remain relatively
healthy. In others, this indicator underestimates the
degree to which reefs are threatened and degraded.
Our results indicate that:

m Fifty-eight percent of the world's reefs are poten-
tially threatened by human activity—ranging
from coastal development and destructive fishing
practices to overexploitation of resources, marine
pollution, and runoff from inland deforestation
and farming.

m Coral reefs of Southeast Asia, the most species-
rich on earth, are the most threatened of any
region. More than 80 percent are at risk (under
medium and high potential threat), and over half
are at high risk, primarily from coastal develop-
ment and fishing-related pressures.

m Overexploitation and coastal development pose
the greatest potential threat of the four risk cate-
gories considered in this study. Each, individually,
affects a third of all reefs.

m The Pacific, which houses more reef area than any
other region, is also the least threatened. About
60 percent of reefs here are at low risk.

m Outside ofthe Pacific, 70 percent of all reefs are
at risk.

m Atleast 11 percent of the world's coral reefs con-
tain high levels of reef fish biodiversity and are
under high threat from human activities. These
"hot spot" areas include almost all Philippine

REETFS AT RI1ISK

reefs, and coral communities offthe coasts of
Indonesia, Tanzania, the Comoros, and the Lesser
Antilles in the Caribbean.

Almost half a billion people—38 percent of the
total global population—Ilive within 100 kilome-
ters of a coral reef.

Globally, more than 400 marine parks, sanctuar-
ies, and reserves (marine protected areas) contain
coral reefs. Most of these sites are very small—
more than 150 are under one square kilometer in
size.

At least 40 countries lack any marine protected
areas for conserving their coral reef systems.



INTRODUCTION

Although they occupy less than one quarter of 1
percent of the marine environment, coral reefs are
home to more than a quarter of all known marine
fish species.1These habitats have been called the
rainforests of the marine world: highly productive,
rich in species, and—because they predominate in
many regions noted for extreme poverty and high
population growth rates—particularly vulnerable
to future degradation.

Seventy percent of the planet is covered by oceans,
yet humans have barely begun to catalog the biota
found within marine environments. Over recent
decades, scientists, policy-makers, and the public
have become increasingly aware of the magnitude
of destruction of terrestrial habitats, especially the
biologically rich tropical rainforests, and the need
to stem the onslaught of human pressures on
remaining natural places. Knowledge has proved key
to raising awareness: by at least roughly gauging—
through such figures as deforestation rates and esti-
mates of species loss—the extent and magnitude of
human impact on terrestrial biodiversity, scientists
have demonstrated what is at stake should poorly
planned development continue unchecked.

Midway through the 1998 "Year of the Ocean"

and following the 1997 "Year of the Reef"—two
campaigns aimed at raising global awareness of
the importance of our marine heritage—we still
lack comprehensive estimates regarding the status
of, and the magnitude of threats to, these aquatic
ecosystems. In terms of addressing knowledge gaps,
coral reefs are a priority because of their extraordinar-
ily high biological richness and the multitude

of products and ecosystem services they provide

to human beings.

This report presents a detailed, map-based analysis of
threats to (and pressures on) the world's coral reefs.
Until now the only information on the status of
coral reefs worldwide was an estimate, first published
in 1993, which indicated that 10 percent of the
world's reefs were dead, and that 30 percent

were likely to die within 10 to 20 years.2These fig-
ures, which have since been widely quoted, were

based on guesswork by a number of scientists and on
anecdotal evidence. Reefs at Risk—the first systematic
and data-driven global assessment of these habitats—
confirms that coral reefs are seriously threatened in
most parts of the world. The maps in this report
provide a detailed picture of where reefs are

in jeopardy, identify reefs at risk that are of high
biodiversity value, and show where reefs lack protec-
tion through parks, sanctuaries, and reserves.

Our results serve as an indicator of the threats to these
ecosystems, not as an actual measure of degradation.
Scientists do not know the actual condition of the
vast majority of the world's reefs. In the Pacific, for
example, 90 percent of the coral reefs have never
been assessed.3In the absence of complete informa-
tion on reef condition, we have drawn together avail-
able global maps and other data sets that measure
human activity and, using a geographic information
system and more than 800 mapped ReefBase sites*
known to be degraded by humans, have modeled
areas where one might predict degradation to occur,
given existing anthropogenic pressures on the land-
and seascape. Reefs at Risk draws on 14 distinct data
sets and the input of coral reef experts and scientists
from around the world.

*ReefBase—a database produced by the International Center for
Living Aquatic Resources Management—is the most comprehen-

sive source of global information available on coral reefs.
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REEFS AND PEOPLE:
What Is at Stake?

oral reefs are among the most valuable ecosystems on earth because of their
immense biological wealth and the economic and environmental services they
provide to millions of people. According to one estimate, reef habitats provide
humans with living resources (such as fish) and services (such as tourism returns and

coastal protection) worth about $375 billion each year.4

Coral reefs are important for the following reasons: these habitats. One prominent scientist, Marjorie
Reaka-Kudla, estimates there may be between one and

Biodiversity: Coral reefs are among the most biologi- nine million species associated with coral reefs.* Using

cally rich ecosystems on earth. About 4,000 species of this figure and rough estimates of human-caused reef

fish and 800 species of reef-building corals have been degradation, Dr. Reaka-Kudla projected that over a mil-

described to date.5However, experts have barely begun lion ofthese species may face extinction within the

to catalog the total number of species found within coming four decades.6

8 REETFS AT RI1ISK



Coral Reef Ecosystems

Coral reefs resemble tropical rainforests in two ways: both thrive
under nutrient-poorconditions (where nutrients are largely tied
up in living matter), yet support rich communities through incred-
ibly efficient recycling processes. Additionally, both exhibit very
high levels of species diversity. Coral reefs and other marine
ecosystems, however, contain more varied life forms than do land
habitats. All but one of the world’s 3 3 phyla (major kinds of
organisms) are found in marine environments— 5 exclusively so.7

Coral reefs are noted for some ofthe highest levels of total
(gross) productivity on earth. Coral polyps—the thin living
layer covering reef structures—provide much ofthe energy
that fuels these communities. These tiny animals contain
algae, which convert sunlight to fuel, deriving nutrients from
polyp wastes inthe process. Reef-building corals and certain
calcareous algae (which may constitute more than halfofa
reef’s stony substance) lay down a foundation of calcium car-
bonate. Over generations this accumulation results in often
massive structures, providing homes and hiding places for
countless other creatures. Coral reefs, then, are the net result
of thousands of years of growth. As such, many are among the
planet's oldest living communities.

In general, coral reefs are found in shallow waters,

between the Tropic of Capricorn and the Tropic of Cancer.

Reef-associated plants and animals provide people with:

Seafood: Much ofthe world's poor, most of whom are
located within the coastal zones of developing regions,
depend direcdy on reef species for their protein needs.
Globally, one-fifth of all animal protein consumed by
humans comes from marine environments—an annual
catch valued at $50 billion to $100 billion.R21In devel-
oping countries, coral reefs contribute about one-quar-
ter of the total fish catch, providing food, according to
one estimate, for one billion people in Asia alone.I13UIf
properly managed, reefs can yield, on average, 15 tons
of fish and other seafood per square kilometer per year.
However, in many areas of the world, fishers are deplet-
ing this resource through overexploitation and destruc-
tive fishing practices. According to a World Bank esti-
mate, Indonesia forfeits more than $10 million a year

* Reaka-Kudla's figures may be high. Scientists who helped prepare
the Global Biodiversity Assessment (United Nations Environment
Programme, 1992) estimated that there are perhaps 14 million
species altogether, counting those within land and aquatic environ-
ments. Others suggest even greater diversity is possible, when micro-
bial life is fully considered.

Their total extent is unknown, although it probably exceeds
600,000 square kilometers.8The World Conservation
Monitoring Centre recently mapped the global distribution
of shallow reefs (the base maps for this study). Using these
data, Mark Spalding and A. M. Grenfell estimated the total
global area of near-surface reefs (these being the most
diverse, productive and economically important reefs) to
be some 255,000 square kilometers.9Coral reefs repre-
sent less than 0.2 percent of the total area ofoceans (and
coveran area equivalent to 4 percent of the world’scrop-
land area).

Levels of species diversity vary within these ecosystems,
depending on location. The most species-rich reefs are found
ina swath extending through Southeast Asia to the Great
Barrier Reef, off northeastern Australia. More than 700
species of corals alone are found inthis region. Within the
Great Barrier Reef, 1,500 species of fishand 4,000 species
of mollusks have been counted. Reefs outside this region are
important for the distinct populations and species they con-
tain. Forexample, although fewertypes of corals are found in
the Red Sea, this basin contains more endemics (species
found nowhere else) than other portions of the Eastern
Indian Ocean.Qll

in lost productivity, coastal protection, and other bene-
fits through large-scale poison fishing alone. Through
careful management, these reefs could support a

$320 million industry, employing 10,000 Indonesian
fishers. 15

New medicines: In recent years, human bacterial infec-
tions have become increasingly resistant to existing
antibiotics. Scientists are turning to the oceans in the
search for new cures for these and other diseases. Coral
reef species offer particular promise because of the
array of chemicals produced by many of these organ-
isms for self-protection. This potential has only barely
been explored. Corals are already being used for bone
grafts, and chemicals found within several species
appear useful for treating viruses. Chemicals within
reef-assodated species may offer new treatments for
leukemia, skin cancer, and other tumors.6According to
one estimate, one-half of all new cancer drug research
now focuses on marine organisms.178

Other products: Reefecosystems yield a host of other
economic goods, ranging from corals and shells made

REETFS AT RISK 9
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into jewelry and tourism curios to live fish and corals
used in aquariums, to sand and limestone used by the
construction industry. However, such extractive activi-
ties are usually damaging to these habitats.

Coral reefs offer a wide range of environmental ser-
vices, some of which are difficult to quantify, but are of
enormous importance to nearby inhabitants. These ser-
vices include:

Recreational value: The tourism industry is one of the
fastest growing sectors of the global economy. Coral
reefs are a major draw for snorkelers, scuba divers,
recreational fishers, and those seeking vacations in the
sun (some ofthe finest beaches are maintained
through the natural erosion of nearby reefs). More than
100 countries stand to benefit from the recreational
value provided by their reefs. Florida's reefs pump

$1.6 billion into the economy each year from tourism
alone.9Caribbean countries, which attract millions of

Diving and snorkeling allow up-close viewing of some of the wonders

of the undersea world.
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Complex chemistry—the clownfish is immune to and protected by the

stinging tentacles of the sea anemones.

visitors annually to their beaches and reefs, derive, on
average, half of their gross national product from the
tourism industry, valued at $8.9 billion in 1990.2

Coastal protection: Coral reefs buffer adjacent shore-
lines from wave action and the impact of storms. The
benefits from this protection are widespread, and range
from maintenance of highly productive mangrove fish-
eries and wedands to supporting local economies built
around ports and harbors, where, as is often the case in
the tropics, these are sheltered by nearby reefs.

Globally, we estimate almost half a billion people live
within 100 kilometers of a coral reef, benefiting from
the production and protection these ecosystems pro-
vide (see Figure 1). A recent study found that the costs
of destroying just one kilometer of reefrange from
about $137,000 to almost $1.2 million over a 25-year
period, when fishery, tourism, and protection values
alone are considered.2

FIGURE 1. Almost Half a Billion People Live Near Reefs
Number of People Within 100 km. ofa Coral Reef
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THREATS

oral reefs around the world are
threatened by an onslaught of

human activities. These include:

Effects of coastal development: The growth of
coastal cities and towns generates a range of threats to
nearby coral reefs. Where space is limited, airports
and other construction projects are built upon reef
communities. Dredging of harbors and shipping
channels and the dumping of spoils result in the out-
right destruction of these habitats. In many areas,
coral ecosystems are mined for construction materi-
als—sand and limestone, which is made into
cement—for new buildings.

The indirect effects of development are the most
damaging. Reef-building corals—specifically the algae
(zooxanthellae) within their coral polyps, which gener-
ate energy through photosynthesis—require sunlit

TO REEF'S

waters to survive. Algal blooms resulting from excess
nutrients that come from sewage releases and other
sources block sunlight, reducing coral growth.
Shoreline construction and modification disturbs sedi-
ments, which smother corals. Nutrient-rich runoff pro-
motes the growth of bottom-dwelling algal competitors
and interferes with coral reproduction. Other threats
include hot-water discharges from power plants, and
mine runoff and industrial toxic waste effluents, which
poison reef communities. 2232

Even tourism, where it is unregulated, can pose a
threat. Swimmers and divers in the Gulf of Aqaba
(bounded by Saudi Arabia, Jordan, Israel, and Egypt),
for example, have destroyed corals through trampling,
while boat anchors create further damage to some
areas.? In many other places, hotels and resorts dis-
charge sewage directly into the ocean, polluting reef
waters and promoting algal growth. Demand for food
fish and tourism curios results in overfishing of key
reef species.

REETFS AT RISK 11
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Overexploitation and destructive fishing practices:
Although measured together in the Reefs at Risk indica-
tor, overexploitation and destructive fishing can be sep-
arated into two types of threats.

Overexploitation affects the vast majority of the
world's reefs. (See box "Overfishing of Target Species.”) At
a minimum, overfishing results in shifts in fish size,
abundance, and species composition within reef com-
munities. Evidence suggests that removal of key herbi-
vore and predator species may ultimately affect large-
scale ecosystem changes. For example, removal of trig-
gerfish has been linked with explosions in burrowing
urchin populations, their prey, who subsequently accel-
erate reef erosion through feeding activities.

In the Caribbean, decades of overfishing has led, in
many places, to very low levels of grazing fish species.
Because of this, herbivorous sea urchins (a nonburrow-
ing species) have played an increasingly important role
in keeping down algal growth. In the early 1980s, huge
numbers ofthese urchins succumbed to disease.

W ithout grazing fish or urchin populations, and
spurred on in many areas by organic pollution, algae
quickly dominated the reefs, inhibiting coral settlement
and sometimes overgrowing living corals. In areas such

The live fish trade is leaving many reefs devoid of showcase species.
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Pollution and erosion from land-clearing activities far inland

contribute to reef sedimentation.

as Jamaica, hurricanes further compounded the dam-
age, reducing coral to rubble. Formerly thriving reefs
were replaced by low-diversity and low-productivity
algal systems. Some scientists claim this is a harbinger
of events to come, as reefs around the world continue
to be overfished. Others argue that these major ecosys-
tem effects may be reversible in the short term, if
degradation has not gone too far. 5277829

Destructive fishing: Blast fishing; fishing with cyanide
and other poisonous chemicals; muro-ami netting
(pounding reefs with weighted bags to scare fish out of
crevices); and in deeper waters, trawling directly dam-
age corals. Because these methods are generally nonse-
lective, large numbers of other species, along with
undersized target species, may be sweptup in nets or
killed by poisons or explosives in the process. (See box
"Cyanide Fishing."”) As not all fishing methods are
destructive, this is less of a widespread threat than over-
exploitation.

Impact from inland pollution and erosion: Sediment,
pesticides, and pollution from human activities inland
can damage coral reefs when transported by rivers into
coastal waters. These result in the smothering of corals,

LAURETTA BURKE, WRI



reduced light levels (affecting growth), and
overnutrification ofreef communities.
Pollution is a particular threat to coral reefs
near the mouths of small and medium-
sized watersheds, as the high volume of
freshwater flow and sediments carried by
major rivers naturally inhibits coral growth.
Land clearing can expand the extent of this
no-growth zone. Watersheds cleared of their
forests and other vegetation cover are
vulnerable to erosion and flooding. During
high water periods, silt and pollutants with-
in these basins are carried far beyond the

' or the area where coral

normal "plume,’
reef growth would normally be limited by

river discharges, had they been intact. 33l

Marine-based pollution: In comparison to
the Other stresses, oil spills and the deliberate
discharge of oily ballast water by passing

Destructive fishing practices, such as the use of cyanide, and overfishing pose the

greatest threats *°the inte9ri*v °*coral ree,s-

Overfishing of Target Species

Many reef species, including giant clams, sea cucumbers,
sharks, lobsters, large groupers, snappers, and wrasses, are
now fetching high prices both on domestic markets and inter-
nationally. Inorderto capture these "target species,”commer-
cial fisheries operations are moving further and further afield,
and now regularly visit even the most remote reefs inthe
world. In many areas such harvesting is clearly unsustainable.

Fishers sweep reefs of their valuable species and then
move on, eliminating entire populations within the areas they
leave behind. Two examples from the Philippines illustrate this
threat. During the 1960s and 1970s, several giant clam
species became locally extinct due to overharvest for food
and fortheir large shells, which are popular as decorations,
sinks, and bird baths. As recently as 1987, the sea urchin
Tripneustesgratillavtas found indense populations across a
24-square-kilometer sea grass bed ona reef flat in Bolinao.
Exploitation rates increased suddenly with the appearance of
atrader from China and by 1995 the sea urchin was believed
to have become locally extinct.32

There are increasing reports of buyers for specialty
markets appearing in reef areas and overfishing species to
local extinction. Sea urchin and sea cucumber have
reportedly disappeared from certain reefs inthe
Galapagos and the western Caribbean. Concerns about
the overexploitation of sea horses for Chinese medicine
and the aquarium trade have prompted the initiation of

successful projects in the Philippines to educate villagers

to properly manage the wild stocks and to grow sea horses
for controlled export.

A very obvious change to many ofthe world’s reefs is the
lack of large, predatory fish. A long-standing symbol of coral
reefs, the large grouper isbecoming a rarity. Much of the
problem isrelated to the ease with which these often very
sociable fish can be shot with spear guns. Rampant blast fish-
ing has also contributed to their demise. The capture of sharks
for sharkfin soup and other products has made sharks rare on
many reefs, especially inthe Southeast Asian region. Of par-
ticular importance isthe loss of large reef fish inconnection
with the live fish trade supplying Chinese restaurants. This
trade has led to widespread reductions of populations of
groupers, humphead wrasses, and others.33

Experts contributing to the Reefs at Risk study concluded,
during a 1997 mapping workshop held in Manila, that target
species fishing now occurs on most of the world’s reefs. This
fact was confirmed during the recent Reef Check volunteer
survey covering hundreds of reefs around the world, which
showed that even some of the most isolated reefs on the
planet are affected. Because this activity is so widespread and
difficult to document, the threat of target species overfishing
isunderrepresented inthe Reefs at Risk indicator. Although,
to date, few marine species are known to have become com-
pletely extinct, the important message isthat because ofthe
pervasive nature of this threat, very few reefs can truly be con-

sidered pristine.
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Coral Reef
Bleaching

Coral bleaching occurs rapidly in response to a wide range of

stresses.

MAPI.

Locations of 1969 - 197B

Observed
Coral Bleaching 1979-1986
by Year 1987 -1996

ships pose an unknown, but probably less significant,
threat to coral reefs. Studies on the impact of some 8-9
million barrels of oil discharged into the Arabian Gulf
during the Iran-Iraq and GulfWars found that spills
appeared to be related to short-term declines in many fish
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When corals undergo certain kinds of stress, much of the
zooxanthellae—the symbiotic algae that provide coral polyps
with nutrients—are expelled from the coral tissue. Ultimately,
weakened corals may die. Bleaching isa frequent symptom of
pollution-induced stress, as well as a response to natural fac-
tors such as changes inwater temperature, salinity levels, and
possibly ultraviolet light.34

During the El Nifio of 1982-83, large areas of coral reef
around the world were severely damaged by high water tem-
peratures, which resulted incoral bleaching. Scientific studies
have linked bleaching events to temporary “hot spots,” local
areas of unusually high temperatures caused by changes in
atmospheric circulation during the El Nifio oceanographic
events. (Map Iprovides a sense ofihe wide incidence ofcoral
reefbleaching.)The effects of the severe El Nifio that started
in 1997 have yet to be documented.3%

Coral Bleaching Has Been Observed Worldwide

Source: ReefBase f1997), International Carter Foe Living
Aquatic Resources Management (ICLARM)

and other species. In 1986, a major spill offthe mouth of
the Panama Canal was linked by scientists to significant
losses of coral diversity and cover in heavily affected areas.
In the longer term, oil spills may leave reef communities
more vulnerable to other types of disturbances.37 833



In many cases it is difficult to pinpoint the exact
causes of coral reef declines now occurring around the
world. Scientists believe that degradation frequendy
occurs through the interaction of a combination of
human-caused factors, which then leaves reef commu-
nities less resistant to periodic natural disturbances.
Disease, temperature extremes, pest outbreaks, tropical
cyclones, and other natural events periodically devas-
tate corals, with resulting ecosystem-wide repercus-
sions. However, healthy reefs are resilient, and will
recover with time. The impact of multiple stressors,
both natural and human caused, can have a multiplica-
tive effect on reef ecosystems. Evidence, much of'it
anecdotal, suggests that human-damaged reefs may be
more vulnerable to some types of natural disturbances
and take longer to recover.4) For example, some experts
believe pollution contributed to the recent die-offs of
Florida Key reefs in the United States from white pox
disease.4

Even where they are not directly affected by
human activity, coral reefs may be threatened by the

Cyanide Fishing:

degradation of nearby mangroves, seagrass beds,
and other associated habitats, which serve as nurs-
eries for many reef species. In addition, mangroves
play an important role in filtering out sediments
washed into coastal areas from upstream runoff.
In many parts of the world, mangroves are being
hacked away for fuel wood, creation of aqua-
ulture ponds, and to make room for coastal
development.248

One other long-term threat is global climate
change. Current models predict that climate change
will elevate sea surface temperatures in many places,
cause sea levels to rise, and result in greater frequency
and intensity of storms. Although regional and local
patterns in these changes are harder to model, the
effects on coral reefs are likely to include greater physi-
cal damage by storms and more frequent instances of
coral bleaching. (See box "Coral ReefBleaching.”) This
increase in "natural" stress levels will leave coral reefs
in many parts of the world more vulnerable to human
disturbances.4

A Poison Tide on the Reef

The use of cyanide to stun and capture live coral reef fish
began inthe 1960s inthe Philippines to supply the growing
market foraquarium fish in Europe and North America, a
market now worth more than $2 00 million a year. Since the
late 1970s, the poison has also been used to capture larger
live reef fish (primarily grouper species) for sale to specialty
restaurants in Hong Kong and other Asian cities with large
Chinese populations. Selected and plucked live from a restau-
rant tank, some species can fetch up to $300 per plate, and
are an essential status symbol for major celebrations and busi-
ness occasions. As the East Asian economy boomed over the
past several decades, live reef food fish became a business
worth some $1 billion annually.

Despite the fact that cyanide fishing is nominally illegal invir-
tually all Indo-Pacific countries, the high premium paid for live
reef fish, weak enforcement capacities, and frequent corruption
have spread the use ofthe poison across the entire region-
home to the vast majority of the planet's coral reefs. Since the
1960s, more than one million kilograms of cyanide has been
squirted onto Philippine reefs, and the vast Indonesian archipel-
ago now faces an even greater cyanide problem. As stocks in

one country are depleted, the trade moves on to new frontiers,

and cyanide fishing is now confirmed or suspected incountries
stretching from the central Pacific to the shores of East Africa.
Sadly, the most pristine reefs, far from the usual threats of sedi-
mentation, coral mining, and coastal development, are the pri-
mary target for cyanide fishing operations.

Systematic scientific testing of the impact of cyanide on
reefs is scanty, but tests show that cyanide kills corals, and its
toxic effects on fish are well known. Anecdotal evidence of
the poison’s lethal effects on the reef comes from countless
scuba-diving operators, field researchers, and cyanide fisher-
men themselves. The process of cyanide fishing itself indis-
putably wreaks havoc on coral reefs. The divers crush cyanide
tablets into plastic squirt bottles of sea water and puffthe solu-
tion at fish on coral heads. The fish often flee into crevices,
obliging the divers to pry and hammer the reefs apart to col-
lect their stunned prey. Cyanide fishing also poses human
health risks: to fishermen, through accidental exposure to the
poison and careless use of often shoddy compressed-air
diving gear by untrained divers.

Cyanide fishing can be attacked, as experience shows inthe
Philippines, the only country so far to take concrete action

against the problem. That country’s Cyanide Fishing Reform

(continued on page 16)
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Destructive Fishing is Widespread in Southeast Asia
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Areas Under High
Threat from
Destructive Fishing

Program, a unique partnership between the government and
the International Marinelife Alliance (IMA), a local non-gov-
ernmental organization, has trained thousands of fishermen to
use alternatives to cyanide such as fine-mesh barrier nets
draped overa reef section to catch aquarium-sized fish and
hook-and-line techniques to catch largerfishforthe restaurant
trade. The government has stepped up enforcement of anti-
cyanide fishing laws by establishing a network of cyanide detec-
tion laboratories, operated by IMA, that randomly sample fish
exports at shipment points throughout the country and monitor
all aspects of the trade. New regulations are slated to make
testing a requirement for all live fish exports and to tighten con-
trols on import and distribution of cyanide. A public awareness
campaign inthe media and public schools is helping to educate
Filipinos about the value of coral reefs and the threats posed by

cyanide and other destructive fishing practices. Cyanide fishing
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has not ceased inthe Philippines, but it has certainly been
reduced as a result of these efforts.

Currently, IMA, the World Resources Institute, and other
partners are implementing the only on-the-ground program in
Indonesia to train cyanide fishermen in alternative capture
techniques, and are collaborating inthe Indo-Pacific
Destructive Fishing Reform Program to assist governments in
at least halfa dozen countries in Southeast Asia and the Pacific
to combat this poison tide sweeping the planet's largest and

most diverse expanse of coral reefs.

Adaptedfrom Charles VictorBarberend VaughanR. Pratt,
Sullied Seas: Strategies for Combating Cyanide Fishing in
Southeast Asiaand Beyond (Washington D.CJ WorldResources
InstituteandInternationalMarinelife Alliance, 1997).



THE REEFS AT
RISK INDICATOR

/]

eefs at Risk" is an indicator: it flags problem areas around the world

where, in the absence of good management, coral reef degradation might

be expected, or predicted to occur shortly, given ongoing levels of human

activity. Such degradation includes major changes in the species composition, relative species

abundance, and/or the productivity of coral reef communities, attributable to human distur-

bance. As noted above, this indicator measures potential risk associated with human activity,

not actual reef condition.

Our analysis covers potential threats from (1) coastal
development, (2) overexploitation and destructive fish-
ing practices, (3) the impact ofinland pollution and
erosion, and (4) marine pollution. This assessment
does not include likely future threats posed by popula-
tion growth or dimate change, nor does it consider
threats resulting from coral diseases, bleaching, and
other factors considered largely natural in origin.

Our results are based on a series of distance relation-
ships correlating mapped locations of human activity
such as ports and towns, oil wells, coastal mining activi-
ties, and shipping lanes ("component indicators"), with
predicted risk zones of likely environme