




















< i

Elkhorn Coral with reef fish. © Marilyn Brandt 2008

Rising sea levels may “drown”—or bury—corals and deprive them of sunlight

Besides making ocean water warmer and more acidic, global warming also causes rising sea lev-
els. Although it may seem surprising, since corals are already underwater, higher seas could
threaten coral polyps: if sea level rises too quickly, corals can “drown” by being too far from the
sunlight that allows zooxanthellae to perform photosynthesis. As NOAA points out in a July 2008
report, the high rates at which sea level has been rising in south Florida “could directly impact
corals by shifting them to a deeper, lower light position in the water column.”*

Beginning about 1930, tide gauges recorded acceleration in the rate of sea-level rise in South
Florida. Since then, sea level has taken another giant step up, about 23 centimeters (9 inches).
Thus far, this rise is at a rate of about 30 cm (one foot) per century, about ten times faster than
the average rate over the past 1,000 years. As recent research has shown, sea-level rises occur
“not as a gradually changing linear trend, but as a series of pauses and then rapid steps.”

Besides depriving coral reefs of vital sunlight, rising sea levels hurt corals in at least two other
ways. First, rising sea levels stir up mud and other sediments trapped by seagrasses, mangroves,
and dune vegetation in coastal areas (such as bays, estuaries, and barrier islands). Tides and
other forces then deposit some of those sediments onto coral reefs, potentially smothering
them. Second, short-sighted efforts to combat sea-level rise—such as dredge-and-fill opera-
tions—can make matters still worse for coral reefs.**



Global warming increases vulnerability to other threats

Global warming is not the only threat to healthy coral reefs. But as coral scientists are discov-
ering, climate change appears to make coral reefs more susceptible to a wide range of other
harms.

Among the greatest threats are a variety of coral diseases. The first coral disease was not
widely recognized until the 1970s.* There are now 29 described diseases known to afflict
corals,* including white band disease, white pox, white plague and black band disease.*’

While episodes of coral bleaching are more dramatic, some of the most devastating losses
to reefs within the Florida Keys and greater Caribbean region have been due to white band and
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other diseases.* Since the early 1980s, losses of more than 97% of the most important type of
coral in the Caribbean—elkhorn and staghorn corals—have been reported throughout the
Keys.* The primary causes of these coral deaths were the “white” diseases—white band dis-
ease, white plague, and white pox. The most recent report of the Coral Reef Evaluation and
Monitoring Project (CREMP) in the Florida Keys reported white diseases at 54 of 105 moni-
toring stations located throughout the Keys. Black band disease was noted at four stations, and
other diseases were found at 74 stations.”

Coral diseases are part of a worldwide crisis in the health of coral reefs over the past 30 years.
For example, the mass-mortality deposits of coral skeletons generated during a recent wide-
spread outbreak of white band disease in Belize were unprecedented over the past 3,000 years,
as indicated by the fossil record.” Scientists cannot conduct a controlled experiment in the
world’s oceans to demonstrate conclusively the impact of global warming on increased virulence
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of coral diseases. But as a recent report explained, “multiple, concurrent chronic stresses may

interact to weaken the resistance of corals and other reef organisms to agents that they might
otherwise withstand.” Global warming may thus be an important factor in “the apparent down-
ward spiral of coral reef ecosystems that seems to involve many causes and agents.”>

Just as humans harbor a wide variety of microorganisms in our digestive systems, corals live
in close association with a wide variety of bacteria and other microorganisms. Like healthy in-
testines that are lined with beneficial bacteria, the majority of coral microbes are helpful, or at
worst harmless. But under certain conditions, some of these bacteria can cause lethal diseases.
Warmer oceans can stimulate rapid growth of these pathogens, even as they weaken the coral
colonies’ ability to ward off infection.”

Several coral pathogens are known to reside on healthy coral tissues and merely need to be
triggered to initiate disease. White pox, which is highly contagious and exclusively attacks
elkhorn corals, is caused by a common, heat-resistant bacteria, Serratia marcescens.’ And re-
search indicates the coral diseases prefer warmer waters: optimal water temperatures for those
infectious agents for which data are available are at least 1°C [1.8° F] higher than the optimal
temperatures for their coral hosts.®® By warming ocean waters, climate change may thus
lengthen the period each year in which diseases are most potent.”

In 2006, researchers at the Center for Coral Reef Research in Sarasota uncovered what may
be a crucial link between warmer ocean temperatures and the spread of coral diseases.”
Through painstaking research, a team led by Dr. Kimberly Ritchie (pictured on the next page)
discovered that elkhorn corals—one of the two pre-eminent reef-building coral species off
Florida’s coasts—“employ a biochemical mechanism for disease resistance that may act as a
primary defense against pathogens.” In effect, under normal conditions, these corals relied on
“good” bacteria to generate antibiotics that protected the corals from disease-producing
microbes. But during times of warmer ocean water, the corals “did not show significant anti-
biotic activity against the same suite of sources and tester strains, suggesting that the protective
mechanism employed by [elkhorn corals] is lost when temperatures increase.” This may explain
how warmer ocean waters lead to coral disease: by thwarting corals” natural defenses against
harmful bacteria.



Can evolutionary adaptation save the corals?

When any species faces a changing environment, there is a chance that adaptation—including
both evolutionary changes and migration to a different environment—will enable the species
to survive in altered circumstances. Over geological time periods, corals have certainly adapted:
corals in the Arabian Gulf, for example, tolerate conditions that
would be fatal if imposed rapidly on the same species in more
temperate environments.” Thus, “the pressing question is not
“can corals adapt?” but ‘how fast and to what extent can they
adapt?”® In other words, can corals adapt when climate change
is happening not slowly (over millennia) but rapidly (over
decades), and is imposing many stresses on corals simultane-
ously—and on top of other environmental stressors such as nu-
trient runoff, physical damage from boats, and vandalism?
Some recent studies offer hope that corals can in fact adapt
to warmer ocean waters—provided that we act quickly to re-
duce greenhouse gas emissions. A 2004 report by Dr. Andrew
Baker, now of the University of Miami, for example, studied
coral reefs in Kenya, Saudi Arabia, and Panama that had re-
cently faced heat stress. The results suggest that when faced
with higher water temperatures, coral polyps may team up with
specific types of zooxanthellae that tolerate higher water tem-
peratures. The Baker team found that “corals containing un-
usual algal symbionts that are thermally tolerant and commonly
associated with high-temperature environments are much more
abundant on reefs that have been severely affected by recent
climate change.” Based on that finding, the Baker team “pre-
dict[s] that these adaptive shifts will increase the resistance of

these recovering reefs to future bleaching.”

Dr. Kimberly Other scientists, including the authors of the 2007 Science article, are less confident that
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ager, Marine corals can adapt to global warming: They argue that “evidence that corals and their [zooxan-
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by global warming and other human-created stresses.

The impact of declining coral health on reef fish

Studies of Caribbean reefs strongly suggest that reef fishes—damselfishes, grunts, snappers,
groupers, and others—are more abundant and have greater species diversity in areas with
healthy corals. These fish, which are important to both recreational and commercial fisheries
in Florida and throughout the Caribbean basin, apparently prefer complex, high-topography
coral reefs. These coral reef habitats are all classified as “essential fish habitat” by the National
Marine Fisheries Service; in the South Atlantic region, living coral reefs get the highest status,
“habitat areas of particular concern.” Although overfishing of large predatory fishes (and ecosys-
tem-engineer species like large lobsters) can have a major impact on overall reef health, even
in marine reserves where fishing is prohibited, declining coral health is correlated with reduc-
tions in fish community condition. For example, in a study in Papua New Guinea, researchers
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found that in a marine reserve, declines in overall coral cover from 66% in 1996 to 7% in 2002
was correlated with parallel losses in fish diversity and abundance.®" Juveniles of many reef
fishes strongly prefer live coral colonies, even if somewhat degraded, to dead, algae-covered
colonies. One exception is the three-spot damselfish, which actively “farms” algae on reefs, and
can proliferate to the detriment of reef health when predatory fishes are removed from reef
ecosystems.

The Seychelles: a reminder of the need for prompt action

In 2006, six coral scientists published a groundbreaking study of the
long-term impacts of severe stresses to coral reefs.®* The authors’
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conclusion is stark: “climate change-driven loss of live coral . . . in the
Seychelles [island chain off of Africa] results in local extinctions, sub-
stantial reductions in species richness . . . and a loss of species within
key functional groups of reef fish.”

The harm to reef fish in the Seychelles has happened quickly. As
recently as 1994, Seychelles reefs “were characterized by high cover
of live branching and massive coral, soft coral, and high structural complexity.” In 1998, how-
ever, the Seychelles, like most corals throughout the world, were slammed by a massive bleach-
ing caused by a periodic El Nifio weather pattern, which led to warmer ocean waters. Seven
years later, in 2005, the once-thriving reefs remained devastated: they have “low complexity,
rubble, standing dead branching coral, and algal fields.”

Reflecting the central role of coral reefs as homes for other marine species, the poor health



of the Seychelles’ coral reefs “had a profound effect
on reef-associated fish.” The researchers “identify
the possible local extinction of four fish species,”
and “a reduction to critically low levels for six
[other] species . . . all of which rely on live coral for
key life processes, such as [reproduction], shelter,
or diet.” If the future holds more ocean warming
events such as the 1998 El Nifio—as climate scien-
tists warn is likely—the prospects for recovery of
the Seychelles’ reefs are poor. (An El Nifio is a pe-
riodic weather pattern that is associated with
floods, droughts, and other disturbances in a range
of locations around the world.) Although El Nifios
are historically periodic, they are becoming more

Damaged reefs frequent—and scientists are concerned that we may soon have nearly permanent EI Nifio con-
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sity of Newcastle . . . . .

Upon Tyne The authors hypothesize that because the Seychelles corals are relatively isolated, their abil-
ity to recover from extreme stresses, such as a major bleaching event, is more limited than those
in areas with a larger expanse of coral reefs that could help re-seed stricken areas. While
Florida’s corals are better placed than those of the Seychelles to recover from bleaching events,
the sorry condition of the Seychelles’ corals is a vivid reminder of the importance of taking im-

mediate steps to slash greenhouse gas emissions.

The big picture: greenhouse gas emissions
and the future of coral reefs

n the 2007 Science article, a group of leading coral scientists describe three future sce-

narios for coral reefs, depending on the extent to which humans control greenhouse gas

emissions in the future. In Scenario A, carbon dioxide concentration in the atmosphere re-
mains about where it is now—around 380 parts per million (ppm). In Scenario B, atmospheric
CO, concentration reaches 450 to 500 ppm for an extended period. In Scenario C, airborne
CO, exceeds 500 ppm for a substantial period. As the authors explain, even the worst of these
scenarios is towards the lower end of the possible outcomes modeled by the Intergovernmen-
tal Panel on Climate Change. (The primary difference between these scenarios is how fast the
world reduces emissions of global warming gases.)

The most important message of the 2007 Science article is that if we simply proceed with
business as usual—ever-increasing emissions of greenhouse gases—the impact on coral reefs
will be disastrous. In Scenario B, with atmospheric CO, between 450 and 500 ppm, “reef ero-
sion will exceed calcification.” As a result, “[t]he density and diversity of corals on reefs are likely
to decline, leading to vastly reduced habitat complexity and loss of biodiversity, including losses
of coral-associated fish and invertebrates.” In the view of this research team, the truly disas-
trous potential outcome—Scenario C—would be likely to “reduce coral reef ecosystems to
crumbling frameworks with few [calcium-shell-building] corals.” With much warmer—and
more acidic—ocean waters, “reefs will become rapidly eroding rubble banks such as those seen
in some inshore regions of the Great Barrier Reef, where dense populations of corals have van-



C CRS-C

AS0-S00 gy

da

= o0 Ppm
=

ished over the past 50 to 100 years.” As discussed earlier, rapid changes in sea level may also
lead to “drowned” reefs in which coral growth fails to keep up with rising sea levels, leaving
corals too far from sunlight to survive.

The authors of the 2007 Science report provided photographs (above) to illustrate the likely
state of the world’s corals in the three scenarios just described:

The world’s corals—including Florida’s economically vital reefs—are at risk of descending
into Scenario C if the world fails to slow its current pace of greenhouse gas emissions. Accord-
ing to Professor Hoegh-Guldberg, “[i]f current CO, emission trends continue, then even the
most conservative estimates predict CO, concentrations exceeding 500 ppm and global tem-
perature increases of 2°C [3.6° F] or more by the end of the century.” Under those conditions,
he predicts, what will remain of coral reefs—in South Florida and elsewhere—will be no more
than a “crumbling framework™ of what was once a spectacularly beautiful ecosystem that nur-
tured innumerable marine species.

Other scientists are more optimistic, noting that some corals—especially certain species of
Acropora corals—have “an underappreciated ability to adapt rapidly to changing environ-
ments.”® These scientists point out that these species of coral mature early and grow rapidly,
giving them the ability to respond more quickly than corals that take decades to develop.®* In
addition, as discussed earlier, different varieties of zooxathellae have different tolerances for
warmer water, potentially serving as better partners for coral polyps in the future.

In any event, coral scientists are unanimous that greenhouse gas emissions are adding greatly
to the stresses already bearing down on coral reefs. And scientists on all sides of the adaptation
debate agree that we must act swiftly to reduce those emissions to give corals the best chance
to retain their current vibrancy and beauty.




-
;ln

-]
gy

TR CREl 1S TEE TEE 0] JDE

The special threat to Florida’s coral reefs

reefs have repeatedly been shown to take longer to recover from stresses (such as
bleaching) than do reefs in the Pacific and Indian Oceans.® In addition, corals in Florida
(and the Caribbean as a whole) are much less genetically diverse than in other parts of the

The worldwide hazards to coral reefs arc particularly acute for Florida. Caribbean

world, such as the Pacific: “the Indo-Pacific has approximately 750 species of reef-building
corals . . . compared to about 50 coral species . . . in the Caribbean.”®

In part because of its lack of species diversity, the corals that build Florida’s coral reefs—
elkhorns and staghorns—have been particularly hard-hit by human-caused environmental “in-
sults” to date, and remain highly vulnerable to the still higher ocean temperatures and
acidification that the next few decades will bring if present trends continue. According to
NOAA, for example, staghorn coral declined by 73% in the Florida Keys over the past 12
years.®” The cumulative effects of the environmental harassment endured by staghorn and
elkhorn coral reefs in Florida and other portions of the Caribbean are captured in the map
above, which was prepared by coral reef researchers.

As the map shows, elkhorn and staghorn corals have declined by 97% at five different (mea-
sured) locations off the Florida coast. The drastic decline in the coverage of elkhorn and
staghorn corals has long been recognized by scientists, tourists, divers, and anglers.%® While
Florida’s reefs were hard-hit by disease in the 1980s, recent reports show still-further declines
in Florida reefs. Between 1996 and 2004, for example, hard coral cover, including elkhorn and
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staghorn corals, declined from 11.9% to 6.6% across the Florida Keys National Marine Sanc-
tuary (FKNMS).% Compared to other species of coral, elkhorn and staghorn coral grow rela-
tively quickly. But in the world of corals, “fast” growth can take decades or centuries, depending
on the type of damage inflicted the coral.™

Although the corals that build Florida’s reefs grow faster than some, the state’s reefs face a
special challenge because of Florida’s vulnerability to hurricanes, which can inflict severe phys-
ical damage on reefs. Not surprisingly, corals have evolved an ability to tolerate, and even ben-
efit from, a certain degree of hurricane damage. Coral debris from hurricane damage can
accumulate in low areas and build up the overall reef. As one scholar explained, broken-off coral
fragments “accumulate between coral colonies and are . . . cemented together to form a mas-
sive wave-resistant limestone reef.”” But reefs that are too frequently or violently damaged by
hurricanes have difficulty recovering, particularly if they have been weakened by bleaching, dis-
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ease or pollution. The result is a low, zero, or nega-
tive expansion of the overall reef, especially de-
pending on the rate of bioerosion initiated by boring
organisms, such as urchins.

Florida’s recent history shows that extremely se-
vere storms are becoming commonplace: a list of
the 11 worst hurricanes to hit Florida in the past
century includes four since 1992 (Andrew, Frances,
Jeanne, and Wilma), and three since 2003. And be-
cause of warmer ocean waters, Florida’s exposure to
hurricane is likely to increase, not decrease. Ac-
cording to the June 2008 report of the U.S. Climate
Change Science Program, called Weather and Cli-
mate Extremes in a Changing Climate, for example, “[i]t is likely that hurricane/typhoon wind
speeds and core rainfall rates will increase in response to human-caused warming. Analyses of
model simulations suggest that for each 1°C [1.8°F} increase in tropical sea surface tempera-
tures, hurricane surface wind speeds will increase by 1 to 8% and core rainfall rates by 6 to
18%.7™

Hurricanes and tropical storms also pose special environmental risks to Florida because of
its canal systems. Wetter, more powerful storms will lead to massive canal discharge events,
such as the hundreds of billions of gallons of Lake Okeechobee water that discharged through
the St. Lucie River and across Martin County reefs as a result of Hurricanes Fran, Jeanne, and
other major storms.

Because of the combined impact of warmer waters, hurricanes and other threats, in March
2005, the National Marine Fisheries Service (an agency within the National Oceanic and At-
mospheric Administration) determined that elkhorn and staghorn corals are likely to become
endangered within the foreseeable future throughout their entire ranges. The Fisheries Serv-
ice made that determination after a panel of scientists concluded that elkhorn and staghorn
corals are threatened by a variety of perils, led by “disease, temperature-induced bleaching and
physical damage from hurricanes.”

All of these dangers are linked to global warming. In 2008, the Fisheries Service proposed
to designate four areas as protected habitats for elkhorn and staghorn corals under the Endan-
gered Species Act of 1973, including approximately 3,300 square miles of marine habitat in
Florida.

The website Reefbase.org provides interactive maps showing locations of confirmed bleach-
ing events or disease at locations monitored by scientists. As the maps shown here reflect,
Florida’s reefs have been hit hard by both bleaching and diseases.
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Conclusion

lorida’s coral reefs are a priceless natural resource and support a multibillion dollar
economy in the state. Human activity, including greenhouse gases and the harms that

follow in their wake, have already done grave damage to Florida’s reefs, and will inflict
still more grievous harm unless we take immediate action.

“Today’s reefs are as much as 5,000 years old, and they will start to fall apart within a decade
or so if we don’t radically change how we do business,” says Professor Christopher Langdon of
the University of Miami. Global warming brings with it warmer water temperatures, more
acidic oceans, and stronger hurricanes—all powerful enemies of healthy corals. These stresses
on corals add to—and make it harder for corals to recover from—many other human-caused
impacts, including nutrient loading, overfishing, sedimentation, and physical damage from
boats. To help preserve this unique national resource and to protect the lucrative economy that
depends on it, Florida’s policymakers should support strong and immediate action to block
global warming by reducing emissions of CO, and other greenhouse gases.
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APPENDIX

Table 1: Economic Returns of Resident and Non-Resident Recreation Relating to Natural

Reefs?

Palm Beach Broward Miami-Dade Monroe Martin? TOTALS
Sales (in millions) $445 $1,393 $1,103 $469 $7 $3,417
Income (in millions) $179 $688 $527 $135 $3 $1,531
Employment (full & part-time jobs)® 4,500 18,700 12,600 7,600 84 43,484

a. For both Tables 1 and 2, data for sales and income for all counties other than Martin are from Hazen & Sawyer (2003), originally
reported in 2000 dollars but converted to 2008 dollars here. The results are estimates, and are intended to provide an approximate
idea of reef contribution to the local economies.

b. Data for Martin County are from Hazen and Sawyer (2004), originally reported in 2003 dollars but converted to 2008 dollars here.

Table 2: Annual Use Value and Capitalized Value Associated with Natural Reef Use
in Southern Florida

All Counties

Palm Beach Broward Miami-Dade Monroe Martin Combined
Person-days of reef use (in millions) 2.83 5.47 6.22 3.88 0.27 18.67
Use value per person-day $17.23 $19.05 $9.48 $18.63 $17.47 $15.58
Annual use value (in millions) $52.93 $104.12 $58.91 $72.24 $4.70 $292.91

Capitalized value (in billions) $1.764 $3.471 $1.964 $2.408 $0.157 $9.764
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