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A Tribute to a Friend and Colleague

This report is dedicated to Dr.
Brian Keller, a longtime member
of the sanctuary science team.
Brian was a sage scientist, patient
mentor and committed conserva-
tionist, a caring friend and beloved
husband who touched countless
lives with his science and his
humanity over the course of an outstanding 40-year career in the
Florida Keys and Caribbean. In the 10 years that Brian worked for
NOAA, he was a true leader in the study, management and conserva-
tion of the marine ecosystems of the Florida Keys, Gulf of Mexico and
Caribbean. In his role as science coordinator with the National Marine
Sanctuary System, Brian dedicated himself to finding innovative ways
to understand marine ecology and to creating new tools for conserv-
ing the ocean world he loved.

Brian came to NOAA in 2000, joining the staff of Florida Keys Na-
tional Marine Sanctuary as science coordinator after more than two
decades of distinguished work in Florida and the Caribbean. During
his time with the sanctuary system, he helped lay the foundation for
management zones in the Florida Keys and led efforts to measure
their effectiveness. He was the architect of the sanctuary’s research
and monitoring plans, and a report he authored that highlights a
decade of success for sanctuary management of the Keys.

Not only was Brian an accomplished scientist and fervent ocean advo-
cate, he was a close friend to many throughout the international science
community. He was a man who was knowledgeable and passionate
about his work, as well as deeply warm in his personal relationships.

Brian will be greatly missed, and his memory will live on in the
hearts and scientific work of his friends and colleagues in the
national marine sanctuaries and beyond.
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Florida Keys National Marine Sanctuary

Florida Keys National Marine Sanctuary

m  Congressionally designated on Nov. 16, 1990, as a national marine sanctuary

m 2,896 square nautical miles (9,933 square kilometers)

m  Surrounds the Florida Keys community of more than 72,000 year-round residents and 3—3.3 million annual
visitors. The “functional population” (number of people in the Keys on an average day) ranges from 115,000 to
117,000 during the winter season and 101,000 to 104,000 during the summer season

m Utilizes over 900 mooring buoys and boundary buoys to protect corals and seagrass from anchors and guide

public use

m Approximately 60% of the sanctuary is state of Florida waters, and 40% is federal waters

m  Shares boundaries with three national parks (Everglades, Biscayne, and Dry Tortugas National Parks)

m  Overlaps four national wildlife refuges, six state parks, three state aquatic preserves, and two previously desig-
nated national marine sanctuaries (Key Largo, designated in 1975, and Looe Key, designated in 1981)

m  Shares trusteeship of marine resources with the state of Florida, the South Atlantic Fishery Management Coun-
cil, the Gulf of Mexico Fishery Management Council, and NOAA Fisheries Service

Home to more than 6,000 species of marine life

except in corridors into Key West Harbor

Includes mangrove, seagrass, hardbottom, and coral reef habitats in coastal and oceanic waters

Approximately 1,700 islands with a combined shoreline length of 1,815 miles (2,920 kilometers)
Marine zones for multiple uses, including 24 highly protected “no-take” areas (6% of the sanctuary)
An “Area to be Avoided” codified into sanctuary regulations prohibits ships larger than 50 meters in length,

Extensive education and outreach, research, monitoring, and law enforcement programs

Contains an estimated 400 underwater historical sites, 14 of which are listed in the Department of the Interior s

National Register of Historic Places

About this Report

This “condition report” provides a summary of resources in the Na-
tional Oceanic and Atmospheric Administration’s Florida Keys National
Marine Sanctuary (sanctuary), pressures on those resources, current
conditions and trends, and management responses to the pressures
that threaten the integrity of the marine environment. Specifically, the
document includes information on the status and trends of water qual-
ity, habitat, living resources and maritime archaeological resources,
and the human activities that affect them. It presents responses to a
set of questions posed to all sanctuaries (Appendix A). Resource sta-
tus of Florida Keys is rated on a scale from good to poor, and the time-
lines used for comparison vary from topic to topic. Trends in the status
of resources are also reported, and are generally based on observed
changes in status over the past five years, unless otherwise specified.

Sanctuary staff consulted with a group of outside experts familiar
with the resources and with knowledge of previous and current scien-
tific investigations in the sanctuary. Evaluations of status and trends
are based on interpretation of quantitative and, when necessary, non-
quantitative assessments, and the observations of scientists, man-
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agers and users. The ratings reflect the collective interpretation of
the status of local issues of concern among sanctuary program staff
and outside experts based on their knowledge and perception of local
problems. The final ratings were determined by sanctuary staff. This
report has been peer reviewed and complies with the White House
Office of Management and Budget's peer review standards as out-

Despite a large diversity in habitat types and communi-
ties within the Florida Keys sanctuary, a single, sanc-
tuary-wide status and trend rating is given for each
question. Although the ratings are generalized for the
entire sanctuary, text found in the report section titled
“State of Sanctuary Resources” provides a detailed
description of the basis for judgment for each ques-
tion, and may include recognition and description of
any conditions that are not consistent with the rating.



Florida Keys National Marine Sanctuary

lined in the Final Information Quality Bulletin for Peer Review.

This is the first attempt to describe comprehensively the status,
pressures and trends of resources at Florida Keys National Ma-
rine Sanctuary. Additionally, the report helps identify gaps in cur-
rent monitoring efforts, as well as causal factors that may require
monitoring and potential remediation in the years to come. The data
discussed will enable resource managers and stakeholders to not
only acknowledge prior changes in resource status, but will provide
guidance for future management challenges.

Summary and Findings

Florida Keys National Marine Sanctuary is one of the largest marine
protected areas in the United States, encompassing 2,896 square nau-
tical miles (9,933 square kilometers). It was designated by Congress
and exists under federal law, and became effective in state waters with
the consent of the state of Florida. Marine zones for multiple uses,
including 24 highly protected “no-take” areas (6% of the sanctuary),
have been in place since 1997. The sanctuary helps protect more than
6,000 species of marine life, including the nation’s only bank-barrier
coral reef that lies adjacent to the continent, and one of the largest sea-
grass communities in this hemisphere. An estimated 400 underwater
historical sites also lie within sanctuary waters, 14 of which are listed
on the Department of the Interior’s National Register of Historic Places.

The Florida Keys and their environs have a long history (>100
years) of exploitation, thus many pressures on sanctuary resources
are chronic, and to some degree cumulative. A historical perspec-
tive of sanctuary biodiversity suggests that the populations of many
higher-trophic-level species, such as marine mammals and predatory
fishes, were dramatically reduced by hunting and fishing prior to the
sanctuary’s designation. Today, pressures on the resources include
commercial and recreational fishing, disturbances to wildlife, coastal
development, harmful algal blooms, marine debris, vessel groundings,
the introduction of non-indigenous species, and vessel traffic. Human-
driven factors such as climate change, sea level rise and ocean acidifi-
cation are large-scale issues that may also affect sanctuary resources.

Generally, the status and trends of the resources protected by Flor-
ida Keys National Marine Sanctuary reflect the inherited condition of a
system that has been heavily exploited during the past century, more
so than the relatively short time frame that these resources have been
managed at the current geographic scale. For example, many of the
historically abundant species (e.g., green turtles) and biogenic habitats
had already been severely altered or reduced when the sanctuary was
designated. Thus, resource managers are working to conserve pieces
of the former system so that it can be restored to an improved state.
However, understanding the degree of change in biodiversity that has
occurred over time and how the coral reef ecosystem functioned in a
“pre-exploitive” state can help managers and stakeholders identify real-
istic ecological and socioeconomic targets for maintaining or improving

ecosystem services. For example, there are positive signs that some
ecosystem services are responding to recent management actions,
most notably in the form of recovering fish spawning aggregations, and
increasing sizes and abundances of economically important fisheries
species inside the larger ecological reserves.

The current management plan for Florida Keys National Marine
Sanctuary was released in December 2007, and it contains a number
of management actions that address current issues and concerns. The
plan stresses an ecosystem-based approach to management, which
requires consideration of ecological interrelationships not only within
the sanctuary, but within the larger context of the Gulf of Mexico and
South Atlantic ecosystems. The management plan includes 14 action
plans that will guide sanctuary management for the next few years.

National Marine Sanctuary System
and System-Wide Monitoring

The National Marine Sanctuary System manages marine areas in both
nearshore and open ocean waters that range in size from less than one
to almost 140,000 square miles (362,598 square kilometers). Each area
has its own concerns and requirements for environmental monitoring, but
ecosystem structure and function in all these areas have similarities and
are influenced by common factors that interact in comparable ways. Fur-
thermore, the human influences that affect the structure and function of
these sites are similar in a number of ways. For these reasons, in 2001
the program began to implement System-Wide Monitoring (SWiM). The
monitoring framework (NMSP 2004) facilitates the development of effec-
tive, ecosystem-based monitoring programs that address management
information needs using a design process that can be applied in a con-
sistent way at multiple spatial scales and to multiple resource types. It
identifies four primary components common among marine ecosystems:
water, habitats, living resources and maritime archaeological resources.

By assuming that a common marine ecosystem framework can be
applied to all places, the National Marine Sanctuary System developed
a series of questions that are posed to every sanctuary and used as
evaluation criteria to assess resource condition and trends. The ques-
tions, which are shown on the following page and explained in Appendix
A, are derived from both a generalized ecosystem framework and from
the National Marine Sanctuary System’s mission. They are widely ap-
plicable across the system of areas managed by the sanctuary program
and provide a tool with which the program can measure its progress to-
ward maintaining and improving resource quality throughout the system.

Similar reports summarizing resource status and trends will be
prepared for each marine sanctuary approximately every five years
and updated as new information allows. The information in this report
is intended to help set the stage for the management plan review
process. The report also helps sanctuary staff identify monitoring,
characterization and research priorities to address gaps, day-to-day
information needs and new threats.

conpITioN REPORT 2011 | Florida Keys
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Florida Keys National Marine Sanctuary Condition Summary Table

Appendix A for further clarification of the questions and the Descrip-
tion of Findings statements. The Response column describes cur-
rent or proposed management responses to pressures impacting
sanctuary resources.

The following table summarizes the “State of Sanctuary Resourc-
es” section of this report. The first two columns list 17 questions
used to rate the condition and trends for qualities of water, habitat,
living resources, and maritime archaeological resources. The Rat-
ing column consists of a color, indicating resource condition, and
a symbol, indicating trend (see key for definitions). The Basis for Status: [IESSSMMGood/Fail Foir
Judgment column provides a short statement or list of criteria used

Fair/Poor - Undet.

2 . L o Trends: Conditions appear to be Improving...........coceveverevennes A
to justify the rating. The Descr|pt|on of Findings column presents the Conditions do not appear to be changing............... _
statement that best characterizes resource status, and corresponds Conditions appear to be declining ..............c.cccoevren.... v
to the assigned color rating. The Description of Findings statements Undetermined trend. ..o ?
are customized for all possible ratings for each question. Please see Question not applicable ..., N/A

Questions/Resources

Rating

Basis for Judgment Description of Findings Sanctuary Response

WATER

Are specific or multiple stressors,
including changing oceanograph-
1 | ic and atmospheric conditions,
affecting water quality and how
are they changing?

Large-scale changes in flushing
dynamics over many decades
have altered many aspects of
water quality; nearshore problems
related to runoff and other
watershed stressors; localized
problems related to infrastructure.

Selected conditions may inhibit the
development of assemblages and may
cause measurable but not severe de-
clines in living resources and habitats.

What is the eutrophic condition
2 | of sanctuary waters and how is it
changing?

Long-term increase in inputs from
land; large, persistent phytoplank-
ton bloom events, many of which
originate outside the sanctuary
but enter and injure sanctuary
resources.

Selected conditions have caused or
are likely to cause severe declines in
some but not all living resources and
habitats.

Do sanctuary waters pose risks
3 | to human health and how are
they changing?

Rating is a general assessment
of “all waters” of the sanctuary,
knowing that in very specific loca-
tions, the rating could be as low
as “poor.” Increased frequency
of HABs and periodic swim
advisories.

Selected conditions have resulted in
isolated human impacts, but evidence
does not justify widespread or persis-
tent concern.

What are the levels of human
4 activities that may influence

water quality and how are they
changing?

Historically, destructive activities
have been widespread throughout
the Florida Keys, but many recent
management actions are intended
to reduce threats to water quality.

Selected activities have caused or are
likely to cause severe impacts, and
cases to date suggest a pervasive
problem.

In conjunction with the Environ-
mental Protection Agency and

Florida Department of Environmental
Protection, the sanctuary will continue
implementation of its Water Quality
Protection Program and conduct long-
term water quality monitoring and
research to understand the effects of
water transported from near-field and
far-field sources, including Florida
Bay on water quality in the sanctuary.
New regulations prohibit discharge

or deposit of sewage from marine
sanitation devices (MSD) within the
boundaries of the sanctuary and
require MSDs be locked to prevent
sewage discharge or deposit while
inside sanctuary boundaries. The
marine area surrounding the Florida
Keys has been designated as a
Particularly Sensitive Sea Area by the
International Maritime Organization.
Florida Department of Health Florida
Healthy Beaches Program tests for
the presence of fecal coliform and
enterococci bacteria in beach water
on a weekly basis, at 17 locations
throughout the Keys. The MEERA
Project, which is designed to provide
early detection and assessment of
biological events occurring in the
Florida Keys and surrounding waters,
continues to be supported by the
sanctuary. A well-established law
enforcement program is in place,
including NOAA Fisheries Service,
Florida Fish and Wildlife Conservation
Commission, and U.S. Coast Guard.

Table is continued on the following page.
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Florida Keys National Marine Sanctuary Condition Summary Table (Continued)

Questions/Resources Basis for Judgment Description of Findings Sanctuary Response

Habitat

In general, mangrove and benthic Marine zoning is used in the sanctu-
habitats are still present and their ary to protect sensitive habitats like
distribution is unchanged, with the shallow coral reefs. Mooring buoys
exception of the mangrove com- have been installed as a threat-
munity, which is about half of what reduction measure. Sanctuary staff
it was historically. The addition and volunteers educate and inform
of causeways has changed the boaters about the unique nature of
distribution of nearshore benthic the coral reef habitat, and organize

Selected habitat loss or alteration has
taken place, precluding full develop-
ment of living resource assemblages,
but it is unlikely to cause substantial
or persistent degradation in living
resources or water quality.

What are the abundance and
5 | distribution of major habitat types
and how are they changing?

habitats in their vicinity. shoreline clean-up and marine
Loss of shallow (<10 meters) debris removal efforts. Sanctuary
staff assess and restore vessel
gy s osaeye o
coral habitats, as well as perform
habitats; regional declines in coral ) ) coral rescue activities ass%ciated with
What is the condition of biologi- cover since the 1970s have led to | Selected habitat loss or alteration has | ;astal construction. Large vessel
6 | cally structured habitats and ﬁow changes in coral-algal abundance | caused or is likely to cause severe avoidance and Racon beacons in
is it changing? patterns in most habitats; destruc- | declines in some but not all living lighthouses have resulted in declines
g vosss grounding mpacian | e To 86 Avided was esabished o
v : C 0 Be Avoided was established to
b?ﬂth':; (b%nt\{lronhmebntt; tager,ﬁt'onl prevent ships larger than 50 meters in
ot hard-botiom habitat by llega overall length from transiting through
casitas. sensitive areas in the sanctuary. A
What are the contaminant con- _ ) well established permitting program is
o . Few studies, but no synthesis of in place to issue a variety of permits
7 trat tuary habitat ? | ; N/A place & y ot p
centrations In sanctuary habitals information. for activities that are otherwise

and how are they changing?

prohibited by sanctuary regulations.
There is also a well-established law
enforcement program in place, includ-
ing NOAA Fisheries Service, the
Selected activities have caused orare | Florida Fish and Wildlife Conserva-

Coastal development, highway
construction, vessel groundings,
over-fishing, shoreline hardening,

What are the levels of human marine debris (including derelict

activities that may influence h . likely to cause severe impacts, and tion Commission, and the U.S. Coast
8 habitat quality and how are they if::rggsigneagﬁmﬁlg? ?ﬁ);&gmg’ causes to date suggest a pervasive Guard. State of Florida's Magrove
changing? 9 P problem. Trimming and Preservation Act of

boats, and consequences of
long-term changes in land cover
on nearshore habitats.

1996 (§403.9321-403.9333) regulates
how mangroves can be trimmed and
altered, and by whom.

Table is continued on the following page.
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Questions/Resources

Living Resources

Basis for Judgment

Description of Findings

Florida Keys National Marine Sanctuary Condition Summary Table (Continued)

Sanctuary Response

9 What is the status of biodiversity
and how is it changing?

Relative abundance across a spectrum of
species has been substantially altered, with
the most significant being large reef-building
corals, large-bodied fish, sea turtles, and
many invertebrates, including, the long-
spined sea urchin. Recovery is questionable.

Selected biodiversity loss has
caused or is likely to cause
severe declines in some but
not all ecosystem components
and reduce ecosystem integrity.

What is the status of environ-
10 | mentally sustainable fishing and
how is it changing?

Historical effects of recreational and
commercial fishing and collection of both
targeted and non-targeted species; it is too
early to determine ecosystem effects of
new fishery regulations and new ecosystem
approaches to fishery management.

Extraction has caused or is
likely to cause severe declines
in some but not all ecosystem
components and reduce
ecosystem integrity.

What is the status of non-
11 | indigenous species and how is
it changing

Several species are known to exist; lionfish
have already invaded and will likely cause
ecosystem level impacts; impacts of other
non-indigenous species have not been
studied.

Non-indigenous species

may inhibit full community
development and function,
and may cause measurable
but not severe degradation of
ecosystem integrity.

12 What is the status of key species
and how is it changing?

Reduced abundance of selected key species
including corals (many species), queen
conch, long-spined sea urchin, groupers and
sea turtles.

The reduced abundance of
selected keystone species has
caused or is likely to cause
severe declines in ecosystem
integrity; or selected key spe-
cies are at severely reduced
levels, and recovery is unlikely.

What is the condition or health
13 | of key species and how is it
changing?

Hard coral and gorgonian diseases and
bleaching frequency and severity have
caused substantial declines over the last two
decades; long-term changes in seagrass
condition; disease in sea turtles; sponge
die-offs; low reproduction in queen conch;
cyanobacterial blooms; lost fishing gear and
other marine debris impacts on marine life.

The comparatively poor condi-
tion of selected key resources
makes prospects for recovery
uncertain.

What are the levels of human
14 activities that may influence

living resource quality and how
are they changing?

Despite the human population decrease
and overall reduction in fishing in the Florida
Keys since the 1990s, heavy recreational
and commercial fishing pressure continues
to suppress biodiversity. Vessel groundings
occur regularly within the sanctuary. Annual
mean number of reported petroleum and
chemical spills were around 150 during that
time period, with diesel fuel, motor oil, and
gasoline representing 49% of these incidents
collectively. Over the long term, localized
direct impacts may be overwhelmed by the
adverse and wide-ranging indirect effects of
anthropogenic climate change resulting in
sea level rise, abnormal air and water tem-
peratures, and changing ocean chemistry.

Selected activities have caused
or are likely to cause severe
impacts, and cases to date
suggest a pervasive problem.

Marine zoning assists in the
protection of the biological diversity
of the marine environment in the
Keys. Mooring buoys have been
installed in these zones to reduce
anchor damage to coral reef biota.
The sanctuary’s education and
outreach team established the
“Blue Star” program to help reduce
the impact of divers and snorkelers
on the coral reef ecosystem. NOAA
has also established the Dolphin
SMART program encouraging re-
sponsible viewing of wild dolphins.
Sanctuary staff assesses and
restores vessel grounding injuries
to seagrass and coral habitats,

as well as performs coral rescue
activities associated with coastal
construction. NOAA Fisheries
Service (American Recovery and
Reinvestment Act) awarded $3.3
million to support Acropora coral
recovery and restoration in Florida
(including the Keys) and the U.S.
Virgin Islands. Other coral nursery
efforts are also underway that con-
tribute to coral restoration. Private
efforts examining potential of long-
spined sea urchin recovery via
nursery propagation and rearing
are also underway. A well-estab-
lished permitting program is in
place to issue a variety of permits
for activities that are otherwise pro-
hibited by sanctuary regulations,
including removal of the invasive
lionfish from the small no-take
zones. The Florida Keys “Bleach
Watch” Program utilizes volunteers
to provide reports from the reef

on the actual condition of corals
throughout the bleaching season.
The sanctuary also participates in
oil spill drills sponsored by the U.S.
Coast Guard and is a partner in the
Florida Reef Resilience Program.
There is a well-established law
enforcement program in place.

Table is continued on the following page.
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Florida Keys National Marine Sanctuary Condition Summary Table (Continued)

Questions/Resources

Rating

Maritime Archaeological Resources

Basis for Judgment

Description of Findings

Sanctuary Response

What is the integrity of known
15 | maritime archaeological re-
sources and how is it changing?

Resources are non-renewable
and are subject to deterioration
or loss resulting from looting,
chemical processes, shifting sedi-
ments, marine life, fishing gear
entanglement and vessel ground-
ings (the last two are increasing in
frequency).

The diminished condition of selected
archaeological resources has substan-
tially reduced their historical, scientific,
or educational value and it likely to
affect their eligibility for listing in the
National Register of Historic Places.

Do known maritime archaeo-

16 logical resources pose an
environmental hazard and is this
threat changing?

Movement of sunken vessels
during storm threatens nearby
resources.

Selected maritime archaeological
resources may pose isolated or limited
environmental threats, but substantial
or persistent impacts are not expected.

What are the levels of human
activities that may influence

17 | maritime archaeological re-
source quality and how are they
changing?

Reports of looting and vessel
grounding cases involving poten-
tial resources are increasing.

Selected activities have caused or are
likely to cause severe impacts, and
cases to date suggest a pervasive
problem.

Proactive management of submerged
archaeological resources in sanctuary
waters is occuring in conjunction with
the state of Florida and the Advisory
Council on Historic Preservation.
This partnership is responsible for
managing cultural resources in the
sanctuary consistent with the Federal
Archaeology Program, the Aban-
doned Shipwreck Act of 1987 and the
National Historic Preservation Act.
The sanctuary’s education team has
also developed a historic Shipwreck
Trail, which highlights nine historic
vessels that sank in sanctuary waters
and represents three broad periods
of keys maritime history. Sanctuary
regulations prohibit alteration of the
seafloor, thus commercial salvage

in the sanctuary must go through a
review process before a permit for
salvage is issued. A well-established
law enforcement program is in place,
including NOAA Fisheries Service,
the Florida Fish and Wildlife Con-
servation Commission, and the U.S.
Coast Guard.
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Figure 1. The 2,896 square-nautical-mile (9,844 square kilometer) Florida Keys National Marine Sanctuary surrounds the majority of the Florida Keys archipelago and includes productive waters
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of Florida Bay, the Gulf of Mexico and the Atlantic Ocean.
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tected areas in the United States. It spans a shallow-water interface between the Gulf of Mexico and the Atlantic Ocean, and is adjacent

F lorida Keys National Marine Sanctuary covers 2,896 square nautical miles (9,933 square kilometers) and is one of the largest marine pro-

to most of the relatively shallow estuarine waters of south Florida, including those of Florida Bay and Biscayne Bay. The sanctuary sur-
rounds more than 1,700 islands, which constitute most of the limestone island archipelago of the Florida Keys. This archipelago extends from the
Florida peninsula south and westward over 220 miles (354 kilometers), terminating at the islands of Dry Tortugas National Park. Hawk Channel
is located “ocean side”, between the island chain and the extensive bank reef tract (about 5 miles offshore). The oceanic boundary of the sanctu-
ary is the 300-foot isobath (~100 meter depth), beyond which the Florida Straits separate the Florida Keys from both Cuba and the Bahamas.

The western tip of the Florida Keys sanctuary lies in an area of high
diversity due to the presence of both tropical and subtropical species,
with an intermingling of a tropical biota characteristic of the greater Ca-
ribbean and the warm-temperate biota of the Gulf of Mexico (Figure 1;
Pages 8 and 9). Though the sanctuary surrounds much of the Florida
Reef Tract, this subtropical region also sustains many other interde-
pendent habitats including fringing mangroves, seagrass meadows,
hard-bottom regions, and patch reefs. Together, this diverse set of hab-
itats supports significant commercial and recreational activities includ-
ing scuba diving, fishing, and other water-based tourism. This marine
ecosystem supports more than 6,000 species of plants, fishes, and
invertebrates, and also has the largest documented contiguous sea-
grass community in the northern hemisphere. The coral reefs and as-
sociated soft-sediment communities comprise one of the most unique
and diverse assemblages of plants and animals in North America.

The sanctuary is also home to maritime heritage resources that
encompass a broad historical period from the European Colonial
Period to the Modern Era. Because of the Keys’ strategic location
in early European shipping routes, the area’s shipwrecks reflect the
history of the entire period of discovery and colonization. The Florida
Keys sanctuary has an extensive education and volunteer program
focused on the protection of maritime heritage resources. Volunteers
on the Submerged Cultural Resources Inventory Team have docu-
mented more than 400 underwater historical sites in the sanctuary.

Approximately 1,680 square nautical miles (5,762 square kilome-
ters), or 60%, of sanctuary waters are under Florida state jurisdic-
tion, and numerous state and federal parks and reserves are located
within the sanctuary’s boundaries (NOAA 1996). The sanctuary is
administered by the Department of Commerce’s National Oceanic
and Atmospheric Administration (NOAA) and is managed by both
NOAA and the state of Florida’s Board of Trustees of the Internal
Improvement Trust Fund through the Florida Department of Environ-
mental Protection (FDEP).
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Geology

The Florida Keys are a chain of limestone islands that extends
from the southern tip of the Florida mainland southwest to the Dry
Tortugas, a distance of approximately 220 miles (354 kilometers).
The islands are the fossilized (lithified) remnants of ancient coral
reefs and sand bars that flourished during a period of higher sea
levels approximately 125,000 to 100,000 years ago during the last
interglacial period of the Pleistocene epoch (Hoffmeister and Multer
1968, Shinn 1988, Lidz and Shinn 1991). Today those remnants are
known as Key Largo Limestone and Miami Oolite, respectively. Dur-
ing this period of lower sea level, the Florida land mass was much
larger than today, and the area now referred to as Florida Bay was
forested. As glaciers and polar ice caps started melting 15,000 years
ago, sea level rise and flooding of land combined with tidal influence
to create the geography of the Keys and their surrounding areas.

Florida Bay formed about 4,000 years ago, during a time when
coral communities thrived along the entire seaward edge of the Keys.
As sea level continued rising, tidal passes started forming, which fa-
cilitated the export of terrestrial material, sediments, and organic mat-
ter from both Florida and Biscayne Bays toward the Atlantic Ocean.
In the Middle Keys in particular, tidal passes that formed allowed for
inimical waters to flow offshore, resulting in conditions less favorable
for coral reef development (Ginsburg and Shinn 1964, Shinn et al.
1989, Lidz and Shinn 1991, Shinn et al. 1994, Ogden et al. 1994).
This is reflected, for example, in the sparse present-day distribution
of patch reefs and offshore bank reefs between Alligator Light and
Moser Channel (Seven Mile Bridge) (Marszalek et al. 1977). In the
upper and lower Keys, ocean-side habitats were less influenced by
these waters due to the size and orientation of the islands, so relative-
ly vigorous coral reef growth continued (Lidz and Shinn 1991, Shinn
et al. 1989). Thus, prior to human impacts in south Florida, water
exchange between inshore and offshore environments significantly
impeded coral reef (and seagrass) development in the same areas.
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Today, the Florida Keys outer reefs are a semi-continuous se-
ries of offshore bank reefs located at the northern zoogeographic
boundary of tropical waters. They began forming between 6,000 to
10,000 years ago during the Holocene sea-level rise and all present-
day bank reefs are located on pre-existing topographic highs in the
Pleistocene bedrock (Shinn et al. 1977, 1989). Due to its location
at the northern limit of coral reef development, Florida Keys reefs
regularly experiences natural stresses such as winter temperatures
below those normally associated with vigorous coral reef develop-
ment (Roberts et al. 1982). Also, the reef system experiences higher
summer temperature extremes than many other reefs in the Carib-
bean basin (Vaughn 1918, Kruczynski and McManus 2002).

The Florida Keys sanctuary also includes the Florida Plateau,
which extends 223 miles (360 kilometers) from Miami to the Dry
Tortugas. This shelf forms part of the Florida-Bahamas carbonate
province and is the only area in the continental U.S. where active
carbonate deposition is occurring on a large scale (Enos 1977, Shinn
et al. 1989). The Florida Plateau is bounded by the Florida Straits to
the east and south and by the Gulf of Mexico to the west.

Water Circulation

South Florida is located at the convergence of the subtropical and
temperate climate zones. Physical oceanographic processes in the
Florida Keys region consist of oceanic currents, tides and wind-driven
currents, along with upwelling along the outer reef tract (Enos 1977,
Schomer and Drew 1982, Brooks 1990, Leichter et al. 1998, 2003). The
physical environment of the Florida Straits is dominated by the Florida
Current, a strong surface current originating in the South Atlantic and Ca-
ribbean Sea (Figure 2) (Lee et al. 1992, Lee and Smith 2002). The Flori-
da Current is the convergence of the Yucatan Current and Gulf of Mexico
Loop Current off peninsular Florida. The Florida Current is renamed the
Gulf Stream System off the southeastern U.S. (Lee et al. 1992). The
Florida Current transports warm water from the Caribbean and is the
major reason for reef development and the occurrence of tropical ma-
rine biota in the Florida Keys (Jaap 1984). The Florida Current comes
within 9 miles (15 kilometers) of the upper Florida Keys, but runs further
offshore, around 50 miles (80 kilometers), off Key West. Differences in
the proximity of the Florida Current to the Florida Keys seascape re-
sult in complex circulation patterns on the south Florida shelf (Lee et al.
1994). For example, eddies of 31 to 62 miles (50 to 100 kilometers) in
diameter frequently form when meanders break free from the main axis
of the Loop Current. These eddies move into the Florida Straits and are
trapped between the Florida Current to the south and the Dry Tortugas
to the north. These “Tortugas gyres” can remain stationary for 50 to 140
days until they are pushed out by the arrival of the next gyre moving
along the Loop Current. Once displaced, they are transformed into the
smaller “Pourtales Gyre” by their movement downstream and the nar-
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Figure 2. Schematic of general surface circulation of southern and south-
western Florida coastal waters. Subregions include: (1) Keys coastal zone,
with Upper, Middle, Lower, and Western Keys localities; (2) Florida Bay;
and (3) the Southwest Florida Shelf. Major tidal passages are indicated
by the arrows immediately west (Seven-Mile Bridge) and east (Long Key
Channel) of Marathon; additional tidal passages lie east of Long Key Chan-
nel (Channels 5 and 2) and between some of the lower Keys. Major bound-
ary currents are the Loop and Florida Currents. Depth contours in meters.

rowing of the distance between the Florida Current and the Keys (Lee
et al. 1994, Lee and Williams 1999). These gyres potentially contribute
to the nutrient and larval transport between the Loop Current and the
Florida Keys system, and may also serve to retain coastal-derived larvae
that would otherwise be carried away by the Florida Current (Cowen et
al. 2006, Sale 2006). On a more localized scale, tides and wind-driven
currents are the dominant processes affecting circulation in the Florida
Keys and Florida Bay (Schomer and Drew 1982). The Florida Keys and
Florida Bay are micro-tidal environments (<3.3 feet or one meter); tidal
exchange between Florida Bay and Hawk Channel mostly occurs in the
middle Florida Keys, and to a lesser extent in the lower Florida Keys.
From November to February, atmospheric cold fronts from the north sup-
plement tidal flow out of Florida Bay (Smith 1994, Smith and Lee 2003).

Nearshore waters of the Florida Keys, defined as from the shore-
line to the seaward edge of Hawk Channel, generally experience
high variability in temperature, salinity and other factors relative
to the reef tract further offshore. Differences in circulation and the
physical and chemical characteristics of water in the Florida Keys
reflect exchange processes between Florida Bay and the Atlantic
Ocean, the influence of the Florida Current, and wind-driven currents
in Hawk Channel. Nearshore waters in the upper Florida Keys are
generally well-flushed and dominated by seagrasses, large sandy
shoals (e.g., White Banks), and large patch reef areas (e.g., Mos-
quito Bank). They are not as significantly influenced by Florida Bay
because of the larger sizes of islands and the absence of larger
tidal passes in the northern Keys. The nearshore environment of the
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Source: redrawn from Lee et al. 2002
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middle Florida Keys is characterized by significant exchange of wa-
ter between Florida Bay and the Atlantic Ocean. The sea bottom in
areas adjacent to tidal channels consists of seagrasses, bare sand,
low-relief hard-bottom communities, and patch reefs. Nearshore wa-
ters in the lower Florida Keys are influenced by exchange of water
between the eastern Gulf of Mexico and Atlantic Ocean. Bottom or
benthic habitats consist mostly of seagrass and bare sand, low-relief
hard bottom, and abundant nearshore and mid-channel patch reefs.

With the exception of nutrient variability from upwelling events, off-
shore waters of the Florida Keys are relatively stable in terms of some
water quality parameters compared to nearshore areas, particularly
temperature, salinity, and dissolved oxygen. Distinct gradients can oc-
cur in circulation patterns and water residence time from the upper
to lower Florida Keys. The offshore environment of the upper Florida
Keys is relatively well-circulated, and dominated by Florida Current
circulation (Klein and Orlando 1994). The upper Florida Keys area
has the most robust reef development, most likely due to the warm-
water influence of the Florida Current coupled with the lack of water
exchange with Florida Bay. The offshore waters of the middle Florida
Keys exchange with Florida Bay via tidal channels, thus reef develop-
ment is relatively poor. The offshore waters of the lower Florida Keys
are influenced by wind-driven circulation in Hawk Channel and off-
shore gyres (or smaller circular currents) of the Florida Current. The
offshore waters of the lower Florida Keys have a significantly longer
residence time than other offshore areas. This has considerable im-
plications for nekton, plankton, and larval transport in these areas. In
the offshore environment of the lower Florida Keys, there is moderate
bank reef development, with several well-developed bank reefs (e.g.,
Sand Key, Eastern Sambo) and patch reef areas (Jaap 1984).

Early Exploration and Settlement

Indigenous peoples have long resided throughout the Florida
peninsula and on the surrounding islands. The southernmost re-
gions of Florida, including the Florida Keys, were dominated by the
Tequesta and the Calusa tribes, who arrived in the region about
7,000 years ago, probably from northeast Florida (Carr 1991). These
Native Americans depended on the sea for almost everything they
needed, subsisting on fish, turtle, crabs, clams, lobster, and mollusks
(Tilmant 1989). The bountiful marine resources in the Florida Keys
provided a cultural subsistence tradition that remained unchanged
for at least 4,000 years, until European contact served to eliminate
the Native American population, mostly through disease (Carr 1991).

The first confirmed European contact with the Keys was made in
1513 by Ponce de Leon of Spain, while exploring the Florida Straits
(Wells 1991). In 1519, the Spanish established Havana, Cuba, and
by the mid-1500s and throughout the 1600s, they colonized Florida. In
1763, the Spanish ceded Florida to the British in a trade for the port of
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Havana. The treaty was unclear as to the status of the Florida Keys. An
agent of the king of Spain claimed that the islands, rich in fish, turtles and
mahogany for shipbuilding, were part of Cuba, fearing that the English
might build fortresses and d