
First aid for an ailing reef: research in the Florida
Keys National Marine Sanctuary
BioScience, March 1999

Stretching out from shore in the warm blue waters of the Florida Keys National Marine Sanctuary lies the
Western Sambos Ecological Reserve. The tranquil expanse of water, marked by bright yellow buoys, is a
treasure trove for biological research, giving scientists an unprecedented opportunity to determine the
effects of human activities on a coral reef community.

Western Sambos is the sanctuary's largest "no-take" zone, representing a management tool that had
never before been used in the nation's marine sanctuaries. By banning fishing and collecting of all
biological resources in two dozen discrete areas, from Biscayne Bay to the Dry Tortugas, scientists hope
to learn ways to improve the health of the Florida Keys' ecosystem.

"This is a major effort, a very large-scale experiment," says James A. Bohnsack, research fishery biologist
for the National Oceanic and Atmospheric Administration's (NOAA) National Marine Fisheries Service
(NMFS) in Miami. "Most people think it's common sense on land to have areas where we don't hunt. We're
now trying to create natural water areas - to see the buffalo roam, so to speak. It's a major change of
thinking that protects the ecosystem and biodiversity, but it may also improve the fishery."

On a recent snorkel trip to inspect the reserve, Benjamin D. Haskell, science coordinator for the sanctuary,
and research interpreter Joanne Delaney pointed out encouraging signs that the no-take zone may
already be producing results after just 1 year. Beneath the placid surface, the waters were teeming with
schools of blue chromis, blue tang, and yellow tail. Feeding amid the coral colonies were large midnight
and stoplight parrot fish, elegant French angels, and an odd-looking trumpet fish with a bugle-like snout.

Haskell also spied a good-sized grouper swimming by. The popular food fish is heavily exploited, and
finding such large specimens has grown increasingly difficult in the Florida Keys. A black durgon, a
favorite of tropical fish collectors, offered further anecdotal evidence that the no-take zone may be allowing
reef organisms to increase in abundance and size.

But there were also signs of a reef in distress. Haskell spotted two stands of elkhorn coral: one gray, its
"horns" broken, the other bursting with life. A pillar coral, an endangered species in Florida, had patches of
bleaching - an often fatal condition that occurs when zooxanthellae, algae that live symbiotically within the
coral, are expelled from the coral polyps, leaving the white calcium carbonate exoskeleton. Another
troubling sign: black band disease on a mound of brain coral, looking like a neat row of stitching on a
soccer ball.

Much of the research being conducted in the sanctuary is aimed at understanding why problems such as
bleaching and coral disease occur. Sorting out the effects of environmental degradation from naturally
occurring events is one of the important research challenges. To illustrate the point, Delaney dove down
and pointed to a blotch on a piece of coral. Reappearing at the surface she said, "Is that a bite mark from a
parrot fish or the sign of disease? It's very difficult to tell the difference."



Back on board the sanctuary vessel, Delaney discussed the scientific uncertainty. "How bad is the risk of
coral disease spreading? How complex are the problems?" she said. "Should we jump in and provide
mitigation or move money into monitoring, to see if the problems are localized or Caribbean wide? Some
advocate 'let's not say the sky is falling,' and others say, 'let's get in there before it's too late.'"

A system in distress

The area in which the Florida Keys National Marine Sanctuary lies is considered one of the most complex
ecosystems on Earth. More than 6000 species of plants, fishes, and invertebrates live in the seagrass
beds, mangrove forests, and coral reefs. The sanctuary itself encompasses 2800 square nautical miles
(9500 square kilometers) of water and submerged lands.

Drawn by the clear, balmy waters and by the only coral reef in the continental United States, some 3
million visitors come to the sanctuary each year to boat, snorkel, scuba dive, fish, and bird watch. Tourist
dollars support half of the $853 million local economy, either through direct services or retail trade.
Commercial fishing alone brings in $17 million annually. In short, the economic as well as the
environmental well-being of the Florida Keys depends on a healthy marine environment.

But since the 1970s, water pollution, overfishing, and physical impacts have taken their toll. Fish and
lobster populations have shrunk, both in numbers and in size. Some 30,000 acres of seagrass have been
harmed by boat propellers, and 19 acres of coral reef habitat have been damaged or destroyed by large
ships running aground. Major die-offs of corals and long-spined urchins have occurred.

In 1989, threats to the Keys were highlighted when three large ships ran aground on the reef in an 18-day
period. Congress, with the support of President Bush, responded by passing the Florida Keys National
Marine Sanctuary Act in 1990. The act halted such major threats to the reef as offshore oil drilling, and it
set limits on how close large tankers and freighters are allowed near the reef. With the establishment of
the sanctuary, state and federal agencies for the first time began coordinating their efforts to protect the
reef.

Implementing the act proved difficult, however. Many Keys residents resisted the idea of the federal
government controlling such a vast area. It took 7 years, more than 100 public meetings, and considerable
compromise before the sanctuary's final management plan was implemented in July 1997. Meanwhile,
marine life continued to suffer. "If we were speaking in medical terms, I'd say the reef is in the critical care
unit, in guarded condition," Haskell says. "It's pretty grim."

The search for solutions

Although there is general agreement over the poor condition of the marine environment, finding solutions
is complicated by scientific uncertainty and strong feelings on the part of stakeholders. "The scientists
themselves completely disagree with one another," says Delaney. "And the public doesn't realize how
complex it is [to find solutions]." For example, scientists argue about the relative impacts of overfishing and
water quality on coral reef health. There is also controversy over whether the coral decline is human
caused or part of a natural cycle.



From the sanctuary's inception, passions ran high between fervent supporters, who saw the sanctuary as
the salvation of the coral reef, and equally fervent opponents, who feared that government regulation
would harm the local economy by limiting fishing, tropical fish collecting, and other harvesting of marine
resources. In response to the draft management plan and environmental impact statement, published in
April 1995, 6400 people submitted comments over a 9-month period. Says Key West Mayor Sheila Mullins
of the island residents' fabled independent spirit, "We have 28,000 residents [in Key West] and 30,000
different opinions."

Much of the public opposition crystallized around the proposed notake zones. Opponents seized on the
scientific uncertainty over the causes of reef decline to argue that water quality concerns should be
addressed first and fishing left alone. Their opposition succeeded in drastically scaling back the proposed
no-take areas.

"We learned a lot, dealing with the [no-take] marine reserves," says John Ogden, director of the Florida
Institute of Oceanography, the coordinating agency for the sanctuary's research effort. "We learned that
while you can propose the design of a series of marine reserves based on good science, it isn't good
science that will get them accepted by the public - it's politics."

The starting point, based on "good science," was to create five strategically spaced marine reserves
encompassing 20 percent of the sanctuary. Each reserve would be a cross-section of habitats - patch reef,
seagrass bed, rubble zone, deep reef - set aside to preserve biodiversity. After a hue and cry from zoning
opponents, the proposed protected area was reduced to three reserves encompassing 10 percent of the
sanctuary, then to three reserves encompassing 6 percent, and finally to one - Western Sambos -
encompassing less than 0.5 percent of the sanctuary. "That's the political reality," Ogden says.

In addition to the Western Samhos Ecological Reserve, which protects a 9-square-nautical-mile (30-
square-kilometer) swath of the ecosystem, there are 18 small no-take areas, each less than 1 square
nautical mile, called Sanctuary Preservation Areas (SPAs). In both Western Sambos and the SPAs, all
"harvesting" is prohibited, although snorkeling and diving are allowed. There are also four small research-
only zones that can be entered only with a permit.

The no-take zones are crucial for helping researchers examine two important questions. "For the first time,
it will give you a comparative area, undisturbed by humans, to let you know what the marine environment
should look like," Ogden says. "They are essentially a control area for observing the environment.
Secondly, in theory, a system of marine reserves would provide sufficient [fish] larvae to sustain some
level of harvested use outside the reserves. We don't know exactly how big that area should be. But you'll
never find out until you start working with [reserves]."

Researchers are optimistic that, even within the small SPAs, much will be learned. "The literature already
has ample examples of no-take zones that are very small, some much smaller than the ones we're dealing
with, where, nevertheless, the data showed a difference [in fish abundance] between inside and outside
the zone," says Alex Stone, executive director of ReefKeeper International, a conservation group.

The management plan gives the no-take zones a 5-year trial period to prove their worth. The sanctuary is



spending $500,000 a year on zone-monitoring research, in addition to the $135,000 being spent annually
by NMFS on zone monitoring. NMFS will spend the 5 years monitoring 100 sites inside and outside the
zones. This effort builds on a large body of data on fish populations that NMFS has gathered in the
sanctuary for many years.

"We have a whole series of hypotheses about what will happen in these [no-take] zones," Bohnsack says.
"We believe the abundance of exploited species will increase, their size will increase, as will their
biodiversity. We hope to see cascading effects. As we increase the number of predators, we may see
effects down the food chain which may be beneficial to the reefs." For example, certain marine snails are
predators of coral. Increasing the snail's predators - fish - may be one of many effects that will help restore
the reef.

The no-take zones will also give researchers an opportunity to learn more about the natural behavior of
fish, Bohnsack adds. Fish that are targeted by spearfishers, for example, become secretive, hiding in
crevices. "When there's a no-take zone, the fish are more likely to aggregate and act more normal instead
of hiding," he says. In New Zealand, after a no-take zone was implemented, scientists discovered that a
common fish, the spot, has "harems," in which males carve out territory for their band of females. Before
then, the fish's population density was too low for it to exhibit this natural behavior.

Zone monitoring is only part of the research effort underway in the sanctuary. Another $1 million is spent
annually by the Environmental Protection Agency (EPA) on protecting water quality in the sanctuary (see
box above). As part of this program, EPA conducts a quarterly analysis of water quality at 150 sites. In
addition, 46 sites are visited annually to determine the health of the coral community and to measure its
size, number, and diversity. Seagrass beds are also being monitored by EPA. Changes in coral and
seagrass communities will be correlated with water quality problems.

Volunteer monitoring augments science

To help the sanctuary meet its research goals, nonprofit organizations are recruiting hundreds of local
volunteers. "We're trying to fill in any gaps that are identified in the scientific monitoring program," says
Brian Keller, a marine ecologist with the Nature Conservancy of the Florida Keys.

The Nature Conservancy and other organizations rigorously train volunteers to ensure the integrity of the
data that is collected. "We're not replacing scientists, but we're augmenting information on a much broader
scale than scientists could ever collect because [of a lack of] people and funding," says Laddie Akins,
executive director of REEF (Reef Environmental Education Foundation), another nonprofit group involved
in these efforts. Among the volunteer activities:

Monitoring damselfish populations. Through the Nature Conservancy's Sea Stewards program, 60
volunteers are mapping 100-square-meter sites inside and outside the no-take zones to compare marine
life in the two areas. One of the targeted species is the three-spot damselfish, whose destructive algal
gardening behavior may contribute to coral reef declines. The damselfish "weed" out the coral's beneficial
zooxanthellae, creating dead areas where other algae - more to the damselfish's liking - settle and grow.

One hypothesis is that in the notake zones, an increase in predators such as grouper and snapper will



better control the damselfish population. In theory, a decline in damselfish would benefit the reef.

Monitoring the coral community. Sea Stewards are also mapping the location of prominent coral heads,
sea fans, sponges, and other organisms within their sites and keeping journals on their observations.
"We're hoping they'll be able to collect information about seasonal changes, bleaching, and algal growth
that we may be able to use to design additional monitoring targets," Keller says.

Volunteers with ReefKeeper International monitor benthic organisms inside and outside the no-take zones.
"We're gathering information to answer three questions," Stone says. "What percentage of the bottom is
covered by coral, by algae, by sponges, and so on? How rich is the reef in hard coral species? And how
healthy is the coral on the reef?" The information will contribute to ongoing research about the relationship
between coral density and spawning success.

Fish counts. REEF teaches its members to be reliable "fish watchers," similar to volunteers who count
birds on land. The sanctuary contracted with REEF to annually conduct fish surveys in specific sites.
These surveys, available online, are among more than 4000 conducted in the sanctuary by REEF
volunteers since 1993.

"There's growing acceptance on the part of scientists to use volunteers [in marine research]," Keller says.
"Because we're looking at ecological problems on a much greater spatial scale than in the past, having a
huge array of samples, collected simultaneously, can be advantageous for some research programs."

Although scientists and volunteers are only 18 months into the 5-year monitoring projects, early evidence
suggests the no-take zones may be working. "My best guess was that we would be lucky to see changes
in 5 years, but it's unbelievable. We're seeing changes already," Akins says. Grouper abundance is on the
rise in the no-take zones. The lobsters have been "unbelievable." In two different SPAs, Akins' group
counted 87 and 37 lobsters, compared to less than five lobsters in adjacent sites outside the no-take
zones.

If these early reports bear out over time, the sanctuary is likely to win over even some of its staunch
opponents. The fiercely fought no-take zones seem to be accepted for now, and compliance is high. "As
we go along, and as people obtain a sense of ownership of the resources, the chances of instituting
marine reserves are going to become greater," Ogden predicts. Indeed, the sanctuary staff is feeling
optimistic enough to push forward a proposal to establish a second ecological reserve - ten times the size
of Western Sambos - in the Dry Tortugas in the year 2000.

For more information

These Web sites have information about some of the research described in this article:

www.nos.noaa.gov/nmsp/fknms/

The Florida Keys National Marine Sanctuary's Web site includes information about research in the
sanctuary.



www.reef.org

The Web site of the Reef Environmental Education Foundation (REEF) includes surveys of the sanctuary
by REEF volunteers.

www.reefnet.org

This Web site includes scientific articles, research findings, international conservation strategies, and
management techniques related to coral reef ecosystems worldwide.

www.reefbase.org

The official database of the Global Coral Reef Monitoring Network addresses priority actions of the
International Coral Reef Initiative, which is endorsed by 75 nations. ReefBase is part of a research effort to
develop criteria for assessing coral reef health.

RELATED ARTICLE: No easy answers

Water pollution is a leading culprit in the environmental problems facing the Florida Keys National Marine
Sanctuary. Poor water quality is blamed for declines in coral recruitment, fish kills, and seagrass die-offs,
among other ills. Pesticides, herbicides, heavy metals, and hydrocarbons from farms, suburban yards, and
highways eventually end up in sanctuary waters, as does a huge infusion of nutrients from wastewater and
fertilizer. Commercial shipping operations release hazardous materials and dump trash of all descriptions.
Adding to the degradation are small daily doses of oil from thousands of motor boats.

Some of these problems will be addressed through a $10 billion, 20-year federal commitment to "replumb"
the Everglades. The restoration of much of the natural water flow in South Florida is expected to improve
the water quality of Florida Bay. Improvements in Florida Bay, which flows into the Gulf of Mexico, will in
turn benefit the Florida Keys National Marine Sanctuary. "In recent years we've had large phytoplankton
blooms in Florida Bay and seagrass die-offs," says John Hunt, research administrator for the Florida
Marine Research Institute, the research arm of the state's Department of Environmental Protection. "The
impacts of those have been to send high-chlorophyll, high-sediment water out into the sanctuary on a very
frequent basis."

As part of the act establishing the sanctuary, Congress mandated the US Environmental Protection
Agency (EPA) to set up a water quality protection program in the Keys. In addition to studying nutrient
contamination from Florida Bay, EPA is trying to determine the effects of nutrients that originate in the
Keys from wastewater and stormwater. There are some 30,000 septic systems and illegal cesspits in the
Keys, which contaminate groundwater and coastal water with nutrients. The evidence is strong that this
nutrient loading is harming seagrass and fish populations close to shore. As the nutrients become diluted
farther from shore, however, their effects are unclear. More research needs to be done to determine how
eutrophication affects the coral reef, which is several miles offshore. -BB



RELATED ARTICLE: Aquarius - A unique underwater habitat

Standing on the ocean floor some 5 miles off Key Largo is Aquarius, the world's only underwater habitat
where scientists can work for extended periods of time. The bright yellow chamber - part laboratory, part
living space - is a key player in coral reef research in the Florida Keys National Marine Sanctuary.

Run by the National Oceanic and Atmospheric Administration's (NOAA) National Underwater Research
Center at the University of North Carolina-Wilmington (NURC/UNCW), Aquarius allows scientists to spend
up to 2 weeks living underwater. Through a process called saturation diving, in which a diver's body
becomes adjusted to the ambient water pressure, scientists can spend as much as 9 hours a day in the
water. This compares to about 1 hour a day that scuba divers typically can stay under without suffering
from decompression sickness. "With Aquarius, you have the gift of time," says Steven Miller, associate
director of the facility.

In August 1998, four aquanaut-scientists - Sylvia Earle, Explorer in Residence at the National Geographic
Society; Stephen Gittings, science director of NOAA's National Marine Sanctuary Program; Ellen Prager,
of the US Geological Survey; and Billy Causey, superintendent of the Florida Keys National Marine
Sanctuary set out on a 7-day Aquarius mission to survey a deepwater coral community called Conch Reef.

Although shallow reefs (less than 60 feet in depth) have been studied extensively, much less is known
about deeper coral reefs. Conditions are dramatically different in deep water, from less sunlight and lower
temperature to fewer direct impacts by humans.

The scientists were pleasantly surprised to find that the deepest reef sites, 105-115 feet down, were in
remarkably good condition. "They were described as astonishingly beautiful," Miller says. Fish, especially
snappers and groupers, were abundant. By contrast, reefs from 60 to 90 feet under were in decline, with
far fewer fish.

Another Aquarius experiment had to be aborted when it appeared to be doing more harm than good.
Special fish traps had been set inside and outside no-take zones in the sanctuary to monitor numbers and
size of fish. "The traps filled up so quickly that the fish were beginning to do damage to each other
because it was so crowded," Miller says. Although such traps are now banned in the Florida Keys, similar
ones are used by commercial fishermen throughout the Gulf of Mexico. "The fact that they remain in use is
disheartening," Miller says. "They are indiscriminate in the species collected and frighteningly efficient, so
they really are a stressful intrusion into the environment."

NURC/UNCW, with not only Aquarius but also a fleet of other sophisticated underwater equipment, such
as manned submersibles and remotely operated vehicles, at its disposal, is the nation's leading center for
coral research. From 1991 to 1997, more than 100 academic and government research projects were
conducted through the facility, one of six research centers operating through NOAA's National Undersea
Research Program. In 6 years, according to Miller, researchers learned more about marine resources in
the Florida Keys than had been learned in the previous 50 years. Among the areas of study conducted
using Aquarius:

* Geological studies related to reef growth, to help determine if changes in the ecosystem are part of a



long-term natural variation or are caused by human intervention.

* Studies of coral feeding biology and how it is affected by coral bleaching and water quality.

* Evaluation of factors that promote effective coral reproduction, including studies of the fate of young
corals over time.

To participate in an Aquarius mission, researchers submit proposals that are competitively reviewed for
merit, feasibility, and relevancy to the sanctuary's coral reefs. Scientists must have 100 dives under their
belts and undergo several days of training at the Key Largo facility. "The training develops camaraderie
among the team and the staff," Miller says. "We tell them to park their egos on the dock."

The aquanauts are expected to become advocates for the marine environment. "We expect scientists to
speak up and explain to the public what they're doing, why it's important, and why the oceans are
important," Miller says. - BB

Beth Baker is a freelance science writer based in Takoma Park, Maryland.

Abstract
The Western Sambos Ecological Reserve in the Florida Keys National Marine Sanctuary is the site of a
research aimed at learning ways to improve the condition of the Florida Keys' ecosystem. Volunteers are
recruited by nonprofit organizations to help in meeting the sanctuary's research aim.
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