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PREFACE 

Congress passed the Endangered Species Act of 1973 (16 USC 1531 et seq., amended 1978, 1982, 1986, 
1988) (ESA) to protect species of plants and animals endangered or threatened with extinction.  The 
bŀǘƛƻƴŀƭ hŎŜŀƴƛŎ ŀƴŘ !ǘƳƻǎǇƘŜǊƛŎ !ŘƳƛƴƛǎǘǊŀǘƛƻƴΩǎ όbh!!ύ bŀǘƛƻƴŀƭ aŀǊƛƴŜ CƛǎƘŜǊƛŜǎ {ŜǊǾƛŎŜ όbaC{ύ 
and the U.S. Fish and Wildlife Service (FWS) share responsibility for the administration of the ESA.  NMFS 
is responsible for most marine and anadromous species including the elkhorn coral (Acropora palmata) 
and the staghorn coral (A. cervicornis). 

NMFS listed both the elkhorn coral and the staghorn coral as threatened on May 9, 2006.  Section 4(f) of 
the ESA directs NMFS and FWS to develop and implement recovery plans for species under their 
ƧǳǊƛǎŘƛŎǘƛƻƴΣ ǳƴƭŜǎǎ ǎǳŎƘ ŀ Ǉƭŀƴ ǿƻǳƭŘ ƴƻǘ ǇǊƻƳƻǘŜ ǘƘŜ ǎǇŜŎƛŜǎΩ ŎƻƴǎŜǊǾŀǘƛƻƴΦ  baC{ ŘŜǘŜǊƳƛƴŜŘ ǘƘŀǘ ŀ 
recovery plan would promote conservation of elkhorn and staghorn corals and assembled the Acropora 
Recovery Team (ART) to develop this recovery plan.  The ART included coral scientists and management 
experts from state, territorial, and federal government agencies and the non-governmental sector. 

NMFS agrees with the ART that the success of the Acropora recovery plan will depend on cooperation 
from state, territorial, and federal agencies and a long-term commitment to implementing and enforcing 
its recommendations. 
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DISCLAIMER 

Recovery plans delineate actions that the available information indicates are necessary for the 
conservation and survival of listed species.  Plans are published by NMFS, sometimes prepared with the 
assistance of recovery teams, contractors, state agencies, and others.  Objectives will be obtained and 
any necessary funds made available subject to budgetary and other constraints affecting the parties 
involved, as well as the need to address other priorities.  Nothing in this plan should be construed as a 
commitment or requirement that any federal agency obligate or pay funds in contravention of the Anti-
Deficiency Act, 31 U.S.C. 1341, or any other law or regulation.  Recovery plans do not necessarily 
represent the views or the official positions or approval of any individuals or agencies involved in the 
plan formulation, other than NMFS.  They represent the official position of NMFS only after they have 
been signed by the Assistant Administrator.  Approved recovery plans are subject to modification as 
dictated by new information, changes in the status of species, and the completion of recovery actions.  
Please check for updates and revisions at the website below before using. 
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Recovery Plan for Elkhorn and Staghorn Corals 

 

 

iii  

  

ACKNOWLEDGEMENTS  

NMFS gratefully acknowledges the commitment and efforts of the following individuals to the recovery 
of elkhorn and staghorn corals.  Without their assistance and participation in recovery meetings, this 
plan would not be possible. 

Recovery Team Members: 

Dr. Andy Bruckner   NOAA Coral Reef Conservation Program 

Ms. Chantal Collier Florida Department of Environmental Protection, Coral Reef 
Conservation Program 

Dr. C. Mark Eakin   NOAA Coral Reef Watch 

Ms. Graciela García-Moliner  Caribbean Fishery Management Council 

Mr. Doug Gregory   Florida Sea Grant 

Mr. Aaron Hutchins U.S. Virgin Islands Department of Planning and Natural 
Resources, and The Nature Conservancy 

Ms. Meaghan Johnson  The Nature Conservancy 

Ms. Terri Jordan-Sellers   U.S. Army Corps of Engineers 

Dr. Brian Keller   NOAA Office of National Marine Sanctuaries 

Dr. George Sedberry  NOAA Office of National Marine Sanctuaries 

Dr. Bill Kruczynski U.S. Environmental Protection Agency South Florida Office of 
Water Management 

Dr. Craig Lilyestrom Puerto Rico Department of Natural & Environmental Resources 

Dr. Margaret W. Miller  NOAA-NMFS Southeast Fisheries Science Center 

Mr. Tom Moore   NOAA Restoration Center 

Dr. John Ogden   Florida Institute of Oceanography 

Dr. Kim Ritchie   Mote Marine Laboratory 

Mr. Ed Tichenor   Palm Beach County Reef Rescue 

Dr. Cheryl Woodley   NOAA National Ocean Service 

Additional thanks to the following for their technical assistance, editing, and/or for drafting sections of 
this document:  Ms. Jennifer Moore, NMFS Southeast Regional Office; Ms. Sarah Heberling, NMFS 
Southeast Regional Office; Dr. Alison Moulding, NMFS Southeast Regional Office; Dr. Tali Vardi, Scripps 
Institution of Oceanography; and Ms. Mary Parkin, FWS. 

Special thanks to the following peer reviewers for their time, expertise, comments, and suggestions:  Dr. 
Caroline Rogers, Dr. Dana Williams, Dr. Gary Ostrander, Dr. Carol Meteyer, Dr. Chris Langdon, Dr. Derek 
Manzello, Dr. Alina Szmant, Dr. Dirk Petersen, Dr. Michael Hellberg, Dr. Elizabeth Gladfelter, Dr. Tony 
Pait, and one anonymous reviewer. 



Recovery Plan for Elkhorn and Staghorn Corals 

 

 

iv  

  

  



Recovery Plan for Elkhorn and Staghorn Corals 

 

 

v 

  

 

DEDICATION 

Brian Keller 
A Tribute to a Friend and Colleague 
 
Dr. Brian D. Keller, a sage scientist, patient mentor and committed conservationist, friend to many, and 
beloved husband to Fiona Wilmot, passed away on March 10, 2010.  Brian touched countless lives with 
his science and his humanity over the course of an outstanding 40-year career in the Florida Keys and 
Caribbean.  
 
Keller was active in programs that included monitoring reefs and fish life in the Florida Keys National 
Marine Sanctuaries marine protected areas, recovery of the threatened elkhorn and staghorn corals, 
invasive species, effects of pollution in the environment, and causes of harmful algal blooms. He 
authored numerous scientific publications and taught at several Universities and served on numerous 
committees, including much work on this Acropora Recovery Plan before his untimely death. 
 
He received a B.S. in Biochemistry from Michigan State University in 1970, and earned his M.A. and 
Ph.D. in Ecology and Evolution from Johns Hopkins University in 1973 and 1976, respectively.  He was 
trained as an evolutionary ecologist at John Hopkins University under the direction of Jeremy Jackson, 
where he researched the ecology and coexistence of sea urchins in Jamaican seagrass meadows in the 
1970s.  He did postdoctoral research on coral and alpheid shrimp with Nancy Knowlton in the early 
1980s in Jamaica, Venezuela, and Panama. Brian was a Director and Research Fellow of Discovery Bay 
Marine Laboratory, Jamaica, from 1984-1986, and the Manager of the Smithsonian Tropical Research 
Institutes Oil Spill Project from 1987-1994 in Panama.  
 
The monumental Panamanian oil spill study, published in Science in 1989, was a major factor in the 
closure of the Florida coast to oil exploration or extraction. Few studies exist detailing the impact of oil 
spills on tropical marine environments making this work highly influential then and now. 
 
As the first Executive Director of the Ecological Society of America in Washington, DC, Brian was first and 
foremost an ecologist with a deep understanding of basic theory that guided his thinking throughout his 
career. His wisdom as a conservationist and manager, and the respect and high regard of his peers, 
stemmed directly from his ecological sophistication and as his exceptional maturity of judgment. 
 
Brian joined NOAA in 2000 as science coordinator of the Florida Keys National Marine Sanctuary. During 
his time with the sanctuary program, he helped lay the foundation for management zones in the Florida 
YŜȅǎ ŀƴŘ ƭŜŘ ŜŦŦƻǊǘǎ ǘƻ ƳŜŀǎǳǊŜ ǘƘŜƛǊ ŜŦŦŜŎǘƛǾŜƴŜǎǎΦ IŜ ǿŀǎ ǘƘŜ ŀǊŎƘƛǘŜŎǘ ƻŦ ǘƘŜ ǎŀƴŎǘǳŀǊȅΩǎ ǊŜǎŜŀǊŎƘ ŀƴŘ 
monitoring plans and contributed to a decade of success for sanctuary management of the Keys.  
 
²ƛǘƘ 5ǊΦ YŜƭƭŜǊΣ ǘƘŜ bŀǘƛƻƴΩǎ ƻŎŜŀƴ ǎŎƛŜƴŎŜ ŎƻƳƳǳƴƛǘȅ ƭƻǎǘ ŀ Ǝƛŀƴǘ ƛƴ ǘƘŜ ǎǘǳŘȅΣ ƳŀƴŀƎŜƳŜƴǘ ŀƴŘ 
conservation of the marine ecosystems of the Florida Keys, Gulf of Mexico and Caribbean.  In his role as 
science coordinator with the Office of National Marine Sanctuaries, Brian dedicated himself to finding 
innovative ways to understand marine ecology and to create new tools for conserving the ocean world 
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he loved.  Brian used these tools every day to promote science for management, and used his 
experience and knowledge to mentor others.  
 
His wisdom impacted management decisions locally, regionally, and worldwide.  His  
influence can be seen in courses that are taught on MPA management and science, and the 
implementation of science-based programs especially in the Caribbean.  He remained focused on the 
ecosystem and, in particular, what constituted a healthy ecosystem.  He was wholly committed to 
developing strategies to restore those that were degraded both from natural and  
man-made causes. .Ǌƛŀƴ ƛƴǘǊƻŘǳŎŜŘ Ƴŀƴȅ ǘƻ ǘƘŜ ǇǊƛƴŎƛǇƭŜǎ ƻŦ άŎƻƴƴŜŎǘƛǾƛǘȅέ ƭƻƴƎ ōŜŦƻǊŜ ƛǘ ǿŀǎ ŀ 
common concept. 
 
Brian was a rare combination of warmth and intelligence. We will miss his accessibility, his intellectual 
generosity and his unflappable, calm demeanor. These traits, combined with his ability to listen (and 
hear), and his FM classical station-announcer voice, made him a powerful communicator.  Accomplished 
scientist, ocean advocate, and ŎƭƻǎŜ ŦǊƛŜƴŘΣ .ǊƛŀƴΩǎ ƳŜƳƻǊȅ ǿƛƭƭ ƭƛǾŜ ƻƴ ƛƴ ǘƘŜ ƘŜŀǊǘǎ ŀƴŘ ǎŎƛŜƴǘƛŦƛŎ work 
of his friends and colleagues in the Florida Keys and beyond. 



Recovery Plan for Elkhorn and Staghorn Corals 

 

 

vii  

  

ABBREVIATION LIST 

AGRRA   Atlantic and Gulf Rapid Reef Assessment 

ART   Acropora Recovery Team 

ATONs   Aids to Navigation 

BMPs   Best Management Practices 

BRT   Atlantic Acropora Biological Review Team 

CaCO3   Calcium Carbonate 

CBD   Center for Biological Diversity 

CCA   Crustose Coralline Algae 

CDIAC   Carbon Dioxide Information Analysis Center 

CITES   Convention on the International Trade in Endangered Species 

CO2   Carbon Dioxide 

DOM   Dissolved Organic Matter 

EEZ   Exclusive Economic Zone 

ESA   U.S. Endangered Species Act 

FGBNMS  Flower Garden Banks National Marine Sanctuary 

FKNMS   Florida Keys National Marine Sanctuary 

FWC   Florida Fish & Wildlife Conservation Commission 

FWS   U.S. Fish & Wildlife Service 

GIS   Geographic Information System 

INRMP   Integrated Natural Resource Management Plan 

IPCC   Intergovernmental Panel on Climate Change 

LBSP   Land-Based Sources of Pollution 

LNG   Liquid Natural Gas 

MLW   Mean Low Water 

N   Nitrogen 

NASKW   Naval Air Station Key West 

NM   Nautical Miles 

NMFS   National Marine Fisheries Service 

NOAA   National Oceanic & Atmospheric Administration 

NPS   National Park Service 

NWR   National Wildlife Refuge 

OCSLA   Outer Continental Shelf Lands Act 
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P   Phosphorous 

PCE   Primary Constituent Element 

pCO2   Partial Pressure of Carbon Dioxide 

SCUBA   Self-contained Underwater Breathing Apparatus 

SML   Surface Mucopolysaccharide Layer 

USGS   United States Geological Survey 

USVI   U.S. Virgin Islands 

WBD   White Band Disease 

WPx   White Pox 
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EXECUTIVE SUMMARY 

Current Species Status:  Elkhorn (Acropora palmata) and staghorn (A. cervicornis) corals were 

listed as threatened under the ESA on May 9, 2006 (NMFS 2006).  Elkhorn and staghorn corals were 
once the most abundant and important species on Atlantic/Caribbean coral reefs in terms of building 
reef structure.  Both elkhorn and staghorn corals underwent precipitous declines in abundance 
throughout their ranges in the 1970s and 1980s.  Although quantitative data on former distribution and 
abundance of these species are scarce, in the few locations where quantitative data are available (e.g., 
Florida Keys, Dry Tortugas, Jamaica, and the U.S. Virgin Islands), declines in abundance are estimated at 
greater than 97 percent.  The significant loss of population density in both coral species has resulted in a 
reduction of their ability to successfully reproduce, either sexually or asexually.  Data suggest the decline 
in Atlantic/Caribbean elkhorn and staghorn coral abundances is primarily the result of disease.  Although 
disease was the primary cause of initial decline, other threats such as elevated seawater temperatures 
and ocean acidification are credible and potentially significant impediments to recovery of these 
species.  Therefore, this recovery plan not only addresses threats documented to have caused the 
decline of elkhorn and staghorn coral populations, but identifies and addresses factors that are likely to 
negatively impact the survivial and recovery of these species.  Furthermore, no single or collective group 
ƻŦ ǘƘǊŜŀǘǎ Ƴŀȅ ƛƳǇŀŎǘ ŀƭƭ ǊŜƎƛƻƴǎ ƻŦ ǘƘŜǎŜ ǎǇŜŎƛŜǎΩ ǊŀƴƎŜǎ ŜǉǳŀƭƭȅΦ  aǳƭǘƛǇƭŜ ǘƘǊŜŀǘǎ ŀŎǘƛƴƎ ǎȅƴŜǊƎƛǎǘƛŎŀƭƭȅ 
or cumulatively likely compound impediments to recovery among elkhorn and staghorn coral 
populations.  The threats to these species that are impeding recovery are:  disease, increasing 
temperature, depensatory population effects, loss of recruitment habitat, sedimentation, anthropogenic 
abrasion and breakage, predation, inadequacy of existing regulatory mechanisms, natural abrasion and 
breakage, ocean acidification, and nutrients and contaminants. 

Recovery Strategy:  The purpose of this recovery plan is to identify a strategy for rebuilding and 

assuring the long-term viability of elkhorn coral and staghorn coral populations in the wild, allowing 
ultimately for the ǎǇŜŎƛŜǎΩ removal from the federal list of endangered and threatened species.  Elkhorn 
and staghorn coral populations should be large enough so that successfully reproducing individuals 
comprise numerous populations (including thickets) across the historical ranges of these species and 
should be large enough to protect their genetic diversity and maintain their ecosystem functions.  
Threats to these species and their habitat must be sufficiently abated to ensure a high probability of 
survival into the future.  The proposed recovery approach serves to address the most pressing gaps in 
knowledge, addresses critical demographic factors required for recovery, and targets the reduction or 
elimination of threats so that the recovery objectives outlined in this plan have the greatest likelihood of 
being achieved.  Because many of the important threats to the recovery of elkhorn and staghorn corals 
are not directly manageable, the recovery strategy pursues simultaneous actions to address critical 
demographic factors, the range of threats, and knowledge gaps.  The gaps in knowledge must be 
addressed through basic experimental and genetic research along with monitoring to determine the 
current condition of elkhorn and staghorn corals.  Climate models and experimental research indicate 
that recovery of elkhorn and staghorn corals will be impeded by increasing ocean temperatures and 
acidification resulting from global atmospheric CO2 levels.  Therefore, actions must be taken to address 
ocean warming and acidification impacts on these species.  Simultaneously, local threat reductions, 
mitigation strategies, and in and ex situ conservation and restoration actions must be pursued.  These 
include reducing chronic or localized mortality sources (predation, anthropogenic physical damage, 
acute sedimentation, nutrients, and contaminants) and acute stresses (LBSP, physical disturbance 
threats).  Population enhancement is also an integral part of elkhorn and staghorn recovery through 
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restoration, restocking, and active management.  Finally, ecosystem-level actions are necessary to 
improve habitat quality and restore keystone reef species and functional processes such as herbivory to 
sustain adult colonies and enable successful natural recruitment in the long term. 

Recovery Goal, Objectives, and Criteria:  The goal of this recovery plan is to increase the 

abundance and to protect the genetic diversity of elkhorn and staghorn coral populations throughout 
their geographical ranges while sufficiently abating threats to warrant delisting of both species.  The 
goal, objectives, and criteria represent our expectation of what is needed to remove these two coral 
species from the list of endangered and threatened species.  Recovery criteria can be viewed as targets, 
or values, by which progress toward achievement of recovery objectives can be measured.  The 
Population-based Recovery Criteria (Criteria 1-3) represent what recovered species would look like.  The 
Threat-based Recovery Criteria (Criteria 4-10) represent the conditions needed to abate the impacts of 
threats identified as contributing to the speciesΩ threatened status and allow them to sustain a 
recovered status.  The Recovery Criteria are based on the current literature, identified assumptions, and 
expert consensus.  In some cases, the ART was able to define quantitative Recovery Criteria because 
supporting information, such as models or data, was available.  In some cases, the current best available 
information was so limited that it was not practicable to identify delisting criteria.  Thus, interim criteria 
were identified to obtain the information necessary to establish the criteria associated with certain 
recovery objectives.   

Recovery under the ESA is an iterative process with periodic required analyses to provide feedback into 
ǎǇŜŎƛŜǎΩ ƭƛǎǘƛƴƎ ǎǘŀǘǳǎ ŀƴŘ ǇǊƻƎǊŜǎǎ ǘƻǿŀǊŘ ǊŜŎƻǾŜǊȅΦ  ¢he ESA requires a review of the status of each 
listed species at least once every five years after it is listed.  Periodic review of the species may lead to 
updates or revisions of the recovery plan, changes in the listing status of the species, or delisting.  While 
meeting all of the recovery criteria would indicate that the species should be delisted, it is possible that 
delisting could occur without meeting all of the recovery criteria if the best available information 
indicated that the species no longer met the definition of endangered or threatened.  In the case of 
elkhorn and staghorn corals, it is possible that because of the interaction between the threats and the 
ǎǇŜŎƛŜǎΩ ǇƻǇǳƭŀǘƛƻƴ ǊŜǎǇƻƴǎŜǎΣ Ŧǳƭƭȅ ŀŎƘƛŜǾƛƴƎ ŀƭƭ ƻŦ ǘƘŜ ¢ƘǊŜŀǘ-based Recovery Criteria may not be 
necessary to achieving restored, sustainable populations if the benefits to the species from successfully 
addressing one threat (e.g., nutrient enrichment) make them more highly resilient to another threat 
όŜΦƎΦΣ ŘƛǎŜŀǎŜύΦ  /ƘŀƴƎŜǎ ǘƻ ǘƘŜ ǎǇŜŎƛŜǎΩ ǎǘŀǘǳǎ ŀƴŘ ŘŜƭƛǎǘƛƴƎ ǿƻǳƭŘ ōŜ ƳŀŘŜ ǘƘǊƻǳƎƘ ŀŘŘƛǘƛƻƴŀƭ ǊǳƭŜ-
making after considering the same five ESA factors considered in listing decisions, taking new 
information into account. 
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Population -Based Recovery Objectives and Criteria  

Objective 1: Ensure Population Viability 

The recovery strategy for elkhorn and staghorn corals requires simultaneous increases in recruitment 
and abundance of large colonies while maintaining genetic diversity.  The following criteria are 
population-based and measure whether stable, abundant, and genetically diverse populations of 
elkhorn and staghorn corals are present throughout their geographic ranges. 

Criterion 1:  Abundance  

Elkhorn coral:  Thickets are present throughout approximately 10 
percent of consolidated reef habitat in 1 to 5 m water depth within the 
forereef zone.  Thickets are defined as either a) ŎƻƭƻƴƛŜǎ җ м m diameter 
in size at a density of 0.25 colonies per m2 or b) live elkhorn coral 
benthic cover of approximately 60 percent.  Populations with these 
characteristics should be present throughout the range and maintained 
for 20 years; 

and 

Staghorn coral:  Thickets are present throughout approximately 5 
percent of consolidated reef habitat in 5 to 20 m water depth within the 
forereef zone.  Thickets are defined as either a) ŎƻƭƻƴƛŜǎ җ 0.5 m 
diameter in size at a density of 1 colony per m2 or b) live staghorn coral 
benthic cover of approximately 25 percent.  Populations with these 
characteristics should be present throughout the range and maintained 
for 20 years. 

 

Criterion 2:  Genotypic Diversity  

Maintain current overall average genotypic diversity (proportion of 
unique genotypes per number of colonies sampled) of approximately 
0.5 ŀŎǊƻǎǎ ǘƘŜǎŜ ǎǇŜŎƛŜǎΩ ǊŀƴƎŜΦ   

Criterion 3:  Recruitment  

Observe recruitment rates necessary to achieve Criteria 1 and 2 over 
approximately 20 years; 

and 

Observe effective sexual recruitment (i.e., establishment of new larval-
derived colonies and survival to sexual maturity) in ŜŀŎƘ ǎǇŜŎƛŜǎΩ 
population across their geographic range. 

 

Threat -Based Recovery  Objectives and Criteria  

Objective 2: Eliminate or sufficiently abate global, regional, and local threats 

The recovery strategy for elkhorn and staghorn corals requires simultaneous reduction in threats across 
their geographic range.  While each threat-based criterion influences tƘŜ ǎǇŜŎƛŜǎΩ ǾƛŀōƛƭƛǘȅΣ ǘƘŜǊŜ ŀǊŜ ŀƭǎƻ 
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complex interactions and inter-relationships of threats and population response, which will require 
evaluation as the recovery plan is implemented.  The following criteria are based on the threats 
affecting the status of both listed coral species and measure whether each of the threats that are 
currently or are expected to impede recovery of these species is sufficiently abated.  While meeting all 
of the recovery criteria would indicate that the species should be delisted, it is possible that delisting 
could occur without meeting all of the recovery criteria if the best available information indicated that 
the species no longer met the definition of a threatened species.  In the case of elkhorn and staghorn 
corals, it is ǇƻǎǎƛōƭŜ ǘƘŀǘ ōŜŎŀǳǎŜ ƻŦ ǘƘŜ ƛƴǘŜǊŀŎǘƛƻƴ ōŜǘǿŜŜƴ ǘƘŜ ǘƘǊŜŀǘǎ ŀƴŘ ǘƘŜ ǎǇŜŎƛŜǎΩ ǇƻǇǳƭŀǘƛƻƴ 
responses, fully achieving all of the Threat-based Recovery Criteria may not be necessary to achieving 
restored, sustainable populations if the benefits to the species from successfully addressing one threat 
(e.g., nutrient enrichment) make them more highly resilient to another threat (e.g., disease).  Changes to 
ǘƘŜ ǎǇŜŎƛŜǎΩ ǎǘŀǘǳǎ ǿƻǳƭŘ ōŜ ƳŀŘŜ ǘƘǊƻǳƎƘ ŀŘŘƛǘƛƻƴŀƭ ǊǳƭŜ-making after considering the same five ESA 
factors considered in listing decisions, taking new information into account.  

Interim  

Criterion 4:  Disease   

Develop a quantitative recovery criterion through research.  Based on 5 
years of data on disease prevalence and amount of partial and total 
colony mortality in extant thickets, a criterion will be established to 
identify disease carrying capacity and to reduce the impact of disease to 
a level appropriate for recovery. 

Criterion 5 :  Local and Global Impacts of Rising Ocean Temperature  and Acidification  

Sea surface temperatures across the geographic range have been 
reduced to Degree Heating Weeks less than 4; 

and 

Mean monthly sea surface temperatures remain below 30°C during 
spawning periods; 

and 

Open ocean aragonite saturation has been restored to a state of greater 
than 4.0, a level considered optimal for reef growth. 

Criterion 6: Loss of Rec ruitment Habitat  

 Abundance (Criterion 1 above) addresses the threat of Loss of 
Recruitment Habitat because this criterion specifies the amount of 
habitat occupied by the two species.  If Criterion 1 is met, then this 
threat is sufficiently abated; 

or 

Throughout the ranges of these two species, at least 40 percent of the 
consolidated reef substrate in 1-20 m depth within the forereef zone 
remains free of sediment and macroalgal cover as measured on a broad 
reef to regional spatial scale. 

file:///O:/Species%20Conservation/Corals/Acropora/Recovery/Recovery%20Plan/Drafts/130606_Draft_Acropora_RP.docx%23_Glossary
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Interim  

Criterion 7: Nutrients, Sediments, and Contaminants ( Land -Based Sources of Pollution ) 

Develop quantitative recovery criteria through research.  Based on 5 
years of data, criteria will be established to reduce sources of nutrients, 
sediments, and contaminants to levels appropriate for recovery. 

Criterion 8 : Regulatory Mechanisms  

Adequate domestic and international regulations and agreements are 
adopted as necessary to ensure that all threat-based recovery criteria 
are met.  For example, appropriate local, state/territorial, national, 
international, and multi-jurisdictional efforts, agreements, and 
regulations are necessary to abate the threats from LBSP, physical 
impacts to corals, and rising ocean temperature and ocean acidification 
resulting from increasing atmospheric CO2 concentrations. 

Criterion 9: Natural and Anthropogenic Abrasion and Breakage  

Appropriate and effective regulatory, response, restoration, and 
enforcement mechanisms are in place domestically and internationally 
for both planned and unplanned impacts.  For planned impacts (e.g., 
marine construction), project planning should ensure no net loss of 
listed corals.  Where natural or anthropogenic impacts do occur, an 
effective and complete response plan, including appropriate 
compensatory and site restoration, is executed. 

Interim  

Criterion 10: Predation  

Develop a quantitative recovery criterion through research.  Based on 5 
years of data on predation prevalence and amount of mortality in 
extant thickets, a criterion will be established to identify predation 
carrying capacity and to reduce the impact of predation to a level 
appropriate for recovery. 

 

 

Actions Needed:  Because many of the important threats to the recovery of elkhorn and staghorn corals 
are not directly manageable, the recovery strategy must pursue simultaneous actions to: 

¶ Improve understanding of population abundance, trends, and structure through monitoring and 
experimental research. 

¶ Curb ocean warming and acidification impacts to health, reproduction, and growth, and possibly 
curb disease threats, by reducing atmospheric greenhouse gas concentrations.  

¶ Determine coral health risk factors and their inter-relationships and implement mitigation or 
control strategies to minimize or prevent impacts to coral health. 

¶ Reduce locally-manageable stress and mortality sources (e.g., predation, anthropogenic physical 
damage, acute sedimentation, nutrients, contaminants). 
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¶ Develop and implement appropriate strategies for population enhancement, through restocking 
and active management, in the short to medium term, to increase the likelihood of successful 
sexual reproduction and to increase wild populations. 

¶ Implement ecosystem-level actions to improve habitat quality and restore keystone species and 
functional processes such as herbivory to sustain adult colonies and enable successful natural 
recruitment in the long term. 

Date of Recovery:  The Recovery Team estimated that it will take approximately 400 years to achieve 
recovery based on the significant mitigative actions identified in this plan. 

Total Cost of Recovery: Over the course of the next five years, and beyond, the total cost of recovery is 
not determinable given the global scale of many of the threats impeding recovery.  Based on recovery 
actions for which we have cost estimates, a gross estimate for the total cost of recovery actions to be 
implemented in U.S. jurisdictions is calculated to be $254,540,000+.  This represents an extreme 
underestimate for the actual cost of recovery, which is likely to be higher in consideration of actions 
needed in foreign nations with elkhorn and staghorn corals living within their territorial sea outside U.S. 
jurisdiction. 
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I. BACKGROUND  

The overall goal of the Endangered Species Act (ESA) is to provide a means by which endangered and 
threatened species and the ecosystems upon which they depend may be conserved.  To help achieve 
this goal, the ESA requires the preparation of a recovery plan for each listed species unless such a plan 
will not promote its conservation. 

Recovery plans guide the implementation of actions required to recover listed species to the point at 
which they are self-sustainable in the wild and can be safely removed from the list of endangered and 
threatened species.  Recovery plans are advisory documents only, and their recommendations are not 
obligatory.  However, failure to implement recovery actions may result in the indefinite listing of the 
species or its extinction.  This recovery plan covers both elkhorn (Acropora palmata) and staghorn (A. 
cervicornis) corals, which the National Marine Fisheries Service (NMFS) listed as threatened under the 
ESA in May 2006.   

A. Brief Overview   

The genus Acropora is the most abundant and species-rich group of corals in the world.  Elkhorn and 
staghorn corals are two of three acroporids that are found in the Atlantic/Caribbean, typically in shallow 
water on reefs; the third acroporid is a hybrid of elkhorn and staghorn corals, known as fused-staghorn 
coral (A. prolifera).  Relative to other corals, both elkhorn and staghorn corals have high growth rates that 
have allowed acroporid reef growth to keep pace with past changes in sea level (Fairbanks 1989, Pandolfi 
and Jackson 2006, Blanchon et al. 2009).  Both coral species were historically among the most dominant 
framework-building species on Atlantic/Caribbean coral reefs.  Based on existing quantitative data, 
declines in their abundance have been estimated at 97 percent.   

All scleractinian1 corals, including elkhorn and staghorn corals, are included in Appendix II of the 
Convention on the International Trade in Endangered Species of Wild Fauna and Flora (CITES).  This listing 
allows commercial trade and scientific exchange of specimens, but exporting countries must issue a CITES 
permit for international transport based on legal acquisition and a finding of non-detriment.2   

Section 4(f)(1) of the ESA mandates that, when developing and implementing recovery plans, priority be 
given to species that are most likely to benefit from such plans.  Therefore, NMFS assigns a recovery 
priority number to each listed species shortly after making a final listing determination.  The recovery 
priority number for listed species is based on the criteria in the Recovery Priority Guidelines (NMFS 1990) 
and indicates the priority of each listed species for recovery plan development and implementation.  
Recovery priority numbers range from a high of 1 to a low of 12, based on the magnitude of threats (high, 
moderate, or low), recovery potential (high or low), and conflict with development projects or other 
economic activity.  Elkhorn and staghorn corals both have a recovery priority number of 3, based on the 
magnitude of threats bŜƛƴƎ άhighΣέ ǊŜŎƻǾŜǊȅ ǇƻǘŜƴǘƛŀƭ ōŜƛƴƎ άƭƻǿ-ƳƻŘŜǊŀǘŜΣέ ŀƴŘ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ŦƻǊ 
economic conflicts while implementing recovery actions. 

1. Listing History  

On March 4, 2004, the Center for Biological Diversity (CBD) petitioned NMFS to list three Acropora 
species τ elkhorn, staghorn, and fused-staghorn (A. prolifera) corals τ as either threatened or 

                                                 
1
 Underlined words are defined in the glossary, see Appendix B. 

2
 A CITES permit is not required for dead coral specimens less than 30 mm (1.3 in) in size. 
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endangered under the ESA, and to designate critical habitat.  On June 23, 2004, NMFS made a positive 
90-day finding (NMFS 2004) that CBD presented substantial information indicating that the petitioned 
actions may be warranted.  NMFS announced the initiation of a formal status review and convened an 
Atlantic Acropora Biological Review Team (BRT).  The status review (available at 
http://sero.nmfs.noaa.gov/pr/esa/acropora.htm) concluded that disease, temperature-induced 
bleaching, and physical damage from hurricanes were the greatest threats to elkhorn and staghorn 
corals.  Additionally, the threats from anthropogenic physical damage (e.g., vessel groundings, anchors, 
divers, and snorkelers), coastal development, competition, and predation were deemed to be moderate. 

On March 3, 2005, NMFS made a determination that both elkhorn and staghorn corals are likely to 
become in danger of extinction throughout all or a significant portion of their range in the foreseeable 
future. The major stressors identified at the time as affecting the status of the two species were disease, 
elevated sea surface temperature, and hurricanes. Other stressors identified as contributing to the 
status of the species, given their extremely reduced population sizes, were sedimentation, 
anthropogenic abrasion and breakage, competition, excessive nutrients, predation, contaminants, loss 
of genetic diversity, African dust, elevated carbon dioxide levels, and sponge boring.  Furthermore, 
NMFS concluded that listing fused-staghorn coral as threatened was not warranted, as it is a hybrid of 
elkhorn coral and staghorn coral and does not constitute a species as defined in the ESA.  NMFS relied 
on the status review developed by the BRT in coming to these conclusions.  After publishing a proposed 
rule in May 2005 and reviewing public comments received during the public comment period for the 
proposed rule, NMFS published a final rule listing elkhorn and staghorn corals as threatened under the 
ESA on May 9, 2006 (NMFS 2006).  

Since the final threatened listing in 2006, new information on the status and threats to these species led 
the recovery team to conclude that some of the threats identified in that listing are not significantly 
contributing to the extinction risk status of these species.  As will be explained in the sections below, 
recovery criteria are not needed for some of these threats. 

On December 7, 2012, NMFS proposed to reclassify the status of elkhorn and staghorn corals from 
threatened to endangered (77 FR 73220, NMFS 2012).  This proposal was based on new information on 
vulnerability of these two species to threats, particularly ocean acidification, and continued population 
declines since the original listing in 2006.  Documented recruitment failure in some populations, genetic 
information on the percentage of clones, and the susceptibility and exposure of Acropora species to 
threats, all contributed to the proposal to reclassify the status of elkhorn and staghorn corals as 
endangered.  In September 2014, NMFS published a final rule that maintained elkhorn and staghorn 
corals as threatened, instead of the proposed reclassification to endangered.  The final listing rule 
ŜȄǇƭŀƛƴǎ baC{Ω ŦƛƴŘƛƴƎ ǘƘŀǘ ǘƘŜǎŜ ǎǇŜŎƛŜǎ ŀǊŜ likely to become in danger of extinction over the next 
several decades due to the threats described in this recovery plan as impeding their recovery, and thus 
these corals continue to meet the definition of threatened species. 

2. Recovery Planning  and Scope  

NMFS assembled the Acropora Recovery Team (ART) in September 2006.  The team used the threats 
and causal listing factors that were identified in the final listing rule and new information on current 
threats to develop the recovery strategy (objectives, measurable criteria, and recovery actions) for these 
species.  These objectives, measurable criteria, and recovery actions represent our expectation of what 
is needed to remove these two coral species from the list of endangered and threatened species; 
however, any of the objectives, measurable criteria, and recovery actions may be changed based on new 
information.  Additionally, the status of listed species is reviewed every five years, a process that may 
include recommended changes to the recovery plan.   

http://sero.nmfs.noaa.gov/pr/esa/acropora.htm
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Only populations of elkhorn and staghorn corals that are under U.S. jurisdiction are protected under the 
ESA; however, recovery is required throughout the geographic ranges of these species for delisting.  
Additionally, many threats that these species face are global or regional in scale, and abatement of 
these threats within U.S. jurisdictions alone will not be sufficient for recovery.  Therefore, elkhorn and 
staghorn coral populations that exist outside U.S. jurisdiction are considered in this plan, and recovery of 
elkhorn and staghorn corals will require the involvement of and cooperation with foreign nations 
throughout the Atlantic/Caribbean region. 
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B. Taxonomy and Description  

PHYLUM CNIDARIA (COELENTERATA) 

CLASS ANTHOZOA Ehrenburg, 1834 

Subclass Zoantharia (Hexacorallia) 

Order Scleractinia Bourne, 1900 

Family Acroporidae Verrill, 1902 

The family Acroporidae includes the genera Montipora (Blainville 1830), Anacropora (Ridley 1884), 
Astreopora (Blainville 1830), and Acropora (Oken 1915).  Presently 368 named Acropora species (world-
wide) are known from the literature (Veron 1986); of these only two species (elkhorn and staghorn 
corals) and one hybrid (fused-staghorn coral) occur in the western Atlantic and Caribbean. 

Species of Acropora exhibit an extremely wide breadth of growth forms (e.g., staghorns, bushes, plates, 
tables, columns).  All species contain zooxanthellae in their soft tissue.  Acropora have a paleontological 
history dating from the Eocene epoch (33 to 55 million years ago).  Veron (2000) divided the genus into 
groups of species based on colonial morphology: for example, species with solid plates, thick table-like 
branches, and irregular branching with prominent axial corallites. 

Staghorn coral is characterized by antler-like colonies with straight or slightly curved, cylindrical 
branches.  The diameter of staghorn coral branches ranges from 0.25 to 5 cm (0.10 to 2 in), and tissue 
color ranges from golden yellow to medium brown.  The growing tips of staghorn coral tend to be lighter 
or lack color (See Figure 1).  Today, staghorn coral colonies typically exist as isolated branches and small 
thickets, 0.5 to 1 m (1.6 to 3 ft) across in size, unlike the vast thickets of staghorn commonly found 
during the 1970s. 

 

Figure 1.  Staghorn coral.  Photo credit: Caroline Rogers 
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Elkhorn coral is the largest acroporid coral found in the Atlantic/Caribbean.  Colonies develop frond-like 
branches, which appear flattened to near round.  Branches are up to 50 cm (20 in) across and range in 
thickness from 4 to 5 cm (1.6 to 2 in).  Like staghorn coral, branches are white near the growing edges, 
and brown to tan away from the growing area.  Individual colonies can grow to at least 2 m (6.5 ft) in 
height and 4 m (13 ft) in diameter (See Figure 2). 

 

Figure 2.  Elkhorn coral.  Photo credit: Michael Barnette. 

C. Distribution and Habitat Use   

1. Distribution  

Elkhorn and staghorn corals are widely distributed throughout the western Atlantic, Caribbean, and Gulf 
of Mexico, both inside U.S. jurisdiction (Florida, Puerto Rico, U.S. Virgin Islands (USVI), northwestern Gulf 
of Mexico (Flower Garden Banks National Marine Sanctuary), Navassa) and outside U.S. jurisdiction 
(Anguilla, Antigua and Barbuda, Aruba, Bahamas, Barbados, Belize, British Virgin Islands, Cayman 
Islands, Colombia, Costa Rica, Cuba, Dominica, Dominican Republic, Grenada, Guadeloupe, Haiti, 
Honduras, Jamaica, Monserrat, Martinique, Mexico, Netherlands Antilles, Nicaragua, Panama, St. 
Barthelemy, St. Kitts and Nevis, St. Lucia, St. Vincent and the Grenadines, Trinidad and Tobago, Turks 
and Caicos, and Venezuela).  The best scientific data available show the current general geographical 
distribution of elkhorn and staghorn corals has remained unchanged from the historical (no evidence of 
range constriction) (see Figure 3), though the percentage of reefs where the two species were 
historically present has declined (Jackson et al. 2014).  
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Figure 3.  Approximate range of elkhorn and staghorn corals (highlighted), including the Gulf of Mexico, Atlantic 
Ocean, and Caribbean Sea.  The highlighted areas are not specific locations of the corals, but rather reflect 
general distributions (Acropora BRT 2005). 

The geographic area occupied by listed coral species that is within the jurisdiction of the United States is 
limited to four counties in the State of Florida (Palm Beach County, Broward County, Miami-Dade 
County, and Monroe County), Flower Garden Banks National Marine Sanctuary (FGBNMS), and the U.S. 
territories of Puerto Rico, USVI, and Navassa Island.   

In Florida, staghorn coral has been documented along the east coast as far north as Palm Beach, 
occurring in deeper water (16 to 30 m; 53 to 98 ft) at its northernmost range (Goldberg 1973, Tichenor 
pers. comm.), and distributed across its depth range (5-30 m) moving south and west throughout the 
coral and hardbottom habitats off Broward County (where it forms extensive thickets), Miami-Dade 
County, the Florida Keys, and the Dry Tortugas (Jaap 1984, Walker and Klug 2014).  Fossil elkhorn coral 
reef framework extends from Palm Beach County throughout the Florida Keys and discontinuously to 
the Dry Tortugas.  Living elkhorn coral is relatively scarce offshore of Broward and Miami-Dade Counties, 
and is more common southward.   

Coral reefs with varying densities of elkhorn and staghorn corals are present in Puerto Rico off all coasts 
of the main island and around some of its smaller islands.  Where surveys have been conducted, dense, 
high profile thickets of elkhorn and staghorn corals are present in only a few reefs along the southwest, 
north, and west shore of the main island and isolated offshore locations (Schärer et al. 2009, Weil et al. 
unpublished data, Hernandez unpublished data).  In addition to live colonies, large stands of dead 
elkhorn currently exist on the fringing coral reefs along the shoreline (e.g., Punta Picúa, Punta Miquillo, 
Río Grande, Guánica, La Parguera, and Mayagüez).   
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USVI reefs also support populations of elkhorn and some staghorn corals.  The geographic information 
system (GIS) data NMFS has received indicate the presence of elkhorn and staghorn corals around most 
of St. Croix, but given the presence of coral reef and colonized hardbottom habitats surrounding the 
entire island, it is possible unrecorded colonies exist where data are not available (e.g. southwestern 
shore). Mayor et al. (2006) recorded elkhorn colony presence in Buck Island National Monument and 
found higher densities in the northern and eastern areas around the island.  There are limited 
quantitative data of presence of either species off the islands of St. Thomas; however, anecdotal reports 
of both species have been reported.  There are several areas around the island of St. John that support 
healthy populations of both elkhorn (Grober-Dunsmore et al. 2006) and staghorn corals; however, the 
elkhorn coral populations underwent serious decline during the 2005 bleaching event.  Little 
information is available on changes in staghorn coral populations around St. John (Rogers pers. comm.).  
The data NMFS has indicate that there is coral reef and colonized hard bottom habitat surrounding each 
of these islands, as well as the smaller offshore islands of USVI.  Again, it is possible that unrecorded 
colonies are present in these offshore island areas. 

Navassa Island is a small, uninhabited, oceanic island approximately 50 km (31 mi) off the southwest tip 
of Haiti that is managed by U.S. Fish and Wildlife Service (FWS) as one component of the Caribbean 
Islands National Wildlife Refuge (NWR).  Both listed coral species are known from Navassa, with elkhorn 
coral apparently increasing in abundance since 2000, and staghorn coral rare and declining (Miller et al. 
2008a). 

Last, there are two known colonies of elkhorn coral at FGBNMS, located 161 km (100 mi) off the coasts 
of Texas and Louisiana in the northwestern Gulf of Mexico.  The FGBNMS is comprised of three areas of 
salt domes that rise to approximately 15 m (50 ft) from the surrounding water depth of 61 to 122 m 
(200 to 400 ft).  The FGBNMS is regularly surveyed, and the two known colonies were discovered only 
recently in 2003 and 2005 (Zimmer et al. 2006).  Stands of fossil A. palmata (10,157-6,838 cal BP) and A. 
cervicornis (1,027-211 cal BP) are reported in Prect et al. (2014).  These fossil reefs underlie the living 
coral cap at the FGBNMS. 

2. Habitat Use  

Elkhorn and staghorn coral naturally occur on spur and groove, bank reef, patch reef, and transitional 
reef habitats, as well as on limestone ridges, terraces, and hardbottom habitats (Goldberg 1973, Gilmore 
and Hall 1976, Cairns 1982, Davis 1982, Jaap 1984, Wheaton and Jaap 1988, Miller et al. 2008b).  
Staghorn coral commonly grows in water ranging from 5 to 20 m (16 to 60 ft) in depth but has rarely 
been found to 60 m (197 ft) (Wells 1933, Davis 1982, Jaap 1984, Jaap and Wheaton 1988, Jaap et al. 
1989).  Although staghorn coral colonies are sometimes found interspersed among colonies of elkhorn 
coral, they are generally located in deeper water seaward of the elkhorn coral zone and, hence, in 
waters more protected from waves. Today staghorn corals in the Florida Keys occur primarily in patch 
reefs as opposed to their former abundance in deeper forereef habitats (Miller et al. 2008b).  
Historically, staghorn coral was one of the primary constructors of mid-depth (10 to 15 m; 33 to 49 ft) 
reef terraces in the western Caribbean, including Jamaica, the Cayman Islands, Belize, and some reefs 
along the eastern Yucatan peninsula (Adey 1978). 

Elkhorn coral commonly grows in turbulent shallow water on the fore reef, reef crest, and shallow spur 
and groove zone (Shinn 1963, Cairns 1982, Rogers et al. 1982, Miller et al. 2008b) in water ranging from 
1 to 5 m (3 to 16 ft) in depth but has been found to 30 m (98 ft) depth and in back reef environments.  
Colonies of elkhorn coral often grow in nearly mono-specific, dense stands and form an interlocking 
framework known as thickets in fringing and barrier reefs (Jaap 1984, Tomascik and Sander 1987, 
Wheaton and Jaap 1988; see Figure 4).  In addition, fragments often accumulate on shore (where they 
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may form islands), and at the base of the reef.  Elkhorn coral formed extensive barrier-reef structures in 
Belize (Cairns 1982), the greater and lesser Corn Islands, Nicaragua (Lighty et al. 1982), and Roatan, 
Honduras, and built extensive fringing reef structures throughout much of the Caribbean (Adey 1978).  
Colonies generally do not form a thicket below a depth of 5 m (16 ft), with maximum water depths of 
framework construction ranging from 3 to 12 m (10 to 39 ft) (Lighty et al. 1982). 

 

Figure 4.  Elkhorn thicket off Vega Baja, Puerto Rico.  Photo Credit: NOAA Restoration 

Appropriate habitat that supports growth and reproduction of elkhorn and staghorn corals typically 
consists of consolidated substrate (i.e., stable, dead coral skeleton or hardbottom), which is required for 
successful settlement of larvae and reattachment of fragments.  The type of substrate available directly 
influences settlement success and fragment survivorship (Lirman 2000).  Additionally, both species 
require relatively clear, well-circulated water (Jaap et al. 1989) and are highly dependent upon sunlight 
for nourishment (Porter 1976, Lewis 1977).  Unlike other coral species, neither elkhorn nor staghorn 
coral is likely to compensate for reductions in long-term water clarity with alternate food sources, such 
as zooplankton and suspended particulate matter (Acropora BRT 2005).  Typical water temperatures in 
which these coral species grow range from 21° to 30°C (70 to 84°F), but they are able to tolerate 
temperatures both lower and higher than the seasonal minimum/maximum for a brief period of time.  
Their responses to temperature perturbations depend on the duration and intensity of the exposure as 
well as other biological and environmental factors.   

D. Critical Habitat   

The ESA requires that NMFS and FWS designate critical habitat for species that have been listed as 
threatened or endangered.  Designation of critical habitat must occur in a public rule-making process 
within a specific timeframe and must use the best scientific information available.  The ESA defines 
critical habitat as specific areas:  

1) within the geographical area occupied by the species at the time of listing, on which 
are found physical or biological features essential to conservation, and which may 
require special management considerations or protection; and 2) outside the 
geographical area occupied by the species if the agency determines that the area itself is 
essential for conservation.   
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Before designating critical habitat, consideration must be given to the economic impacts, impacts on 
national security, and other relevant impacts of specifying any particular area as critical habitat.  NMFS 
may exclude an area from critical habitat if the benefits of exclusion outweigh the benefits of 
designation, unless excluding the area will result in the extinction of the species concerned. 

On November 26, 2008, NMFS designated critical habitat for elkhorn and staghorn corals (NMFS 2008).  
The designated areas τ approximately 2,959 square miles τ include marine habitat in four counties of 
Florida, in Puerto Rico and its associated islands, and in St. Thomas, St. John,  and St. Croix, USVI (see 
Figure 5-8).  NMFS proposed critical habitat in February 2008, held public hearings, reviewed all 
comments and new information provided by the public and other reviewers, and incorporated minor 
revisions into the final designation. 

The critical habitat designation identifies the facilitation of increased incidence of successful sexual and 
asexual reproduction as the key objective for the conservation of listed corals.  Based on the key 
conservation objective, the natural history of elkhorn and staghorn corals, and their habitat needs, 
NMFS identified the following physical or biological feature of elkhorn and staghorn coral habitat 
essential to their conservation (essential feature):   

substrate of suitable quality and availability to support larval settlement and 
recruitment, and reattachment and recruitment of asexual fragments.   

ά{ǳōǎǘǊŀǘŜ ƻŦ ǎǳƛǘŀōƭŜ ǉǳŀƭƛǘȅ ŀƴŘ ŀǾŀƛƭŀōƛƭƛǘȅέ ƛǎ ŘŜŦƛƴŜŘ ŀǎ ƴŀǘǳǊŀƭ ŎƻƴǎƻƭƛŘŀǘŜŘ ƘŀǊŘ ǎǳōǎǘǊŀǘŜ ƻǊ ŘŜŀŘ 
coral skeleton that is free from fleshy or turf macroalgae cover and sediment cover.  This feature is 
essential to the conservation of these two species due to the extremely limited recruitment currently 
being observed. 

To designate specific areas on which the essential feature for threatened corals is found, NMFS relied on 
information obtained from the public, NMFS Southeast Fisheries Science Center, NOAA National Centers 
for Coastal Ocean Science Biogeography Team, and the U. S. Geological Survey (USGS) of the 
Department of the Interior.  NMFS ƛŘŜƴǘƛŦƛŜŘ ŦƻǳǊ άǎǇŜŎƛŦƛŎ ŀǊŜŀǎέ ǿƛǘƘƛƴ ǘƘŜ ƎŜographical area occupied 
by these species at the time of listing that contain the essential feature.  These areas comprise all waters 
in the depths of 98 ft (30 m) and shallower to: (1) the 6-ft (1.8 m) contour from Boynton Inlet, Palm 
Beach County, to Government Cut, Miami-Dade County; and the mean low water (MLW) line from 
Government Cut south to 82° W longitude in Monroe Counties; and the MLW line surrounding the Dry 
Tortugas, Florida; (2) the MLW line in Puerto Rico and associated Islands; (3) the MLW line in St. John/St. 
Thomas, USVI; and (4) the MLW line in St. Croix, USVI (See Figure 5-Figure 8).  Within these four specific 
areas, the essential feature consists of natural consolidated hard substrate or dead coral skeleton that is 
free from fleshy or turf macroalgae cover and sediment cover.  Natural sites covered with loose 
sediment, fleshy or turf macroalgal covered hard substrate, or seagrasses do not provide the essential 
feature for elkhorn and staghorn corals.  Additionally, all existing (meaning constructed at the time of 
the designation of critical habitat) federally-authorized or permitted man-made structures, such as aids-
to-navigation (ATONs), artificial reefs, boat ramps, docks, pilings, channels, or marinas, do not provide 
the feature ǘƘŀǘ ƛǎ ŜǎǎŜƴǘƛŀƭ ǘƻ ǘƘŜǎŜ ǎǇŜŎƛŜǎΩ ŎƻƴǎŜǊǾŀǘƛƻƴΦ  NMFS excluded one military site, the Dania 
Restricted Anchorage Area, comprising approximately 5.5 square miles (14.3 sq km), because of national 
security impacts. 

ESA Section 4(a)(3)(B) prohibits designating as critical habitat any lands or other geographical areas 
owned or controlled by the Department of Defense, or designated for its use, that are subject to an 
Integrated Natural Resource Management Plan (INRMP), if NMFS determines that such a plan provides a 
benefit to these coral species (16 U.S.C. 1533(a)(3)(B)).  NMFS determined that the Naval Air Station Key 























































http://www.nmfs.noaa.gov/pr/glossary.htm#take
http://www.nmfs.noaa.gov/pr/permits/esa_permits.htm










































http://www.gsarp.org/


























































http://isurus.mote.org/Keys/bleaching.phtml




















































































http://people.uncw.edu/millers/CoralReef_QuickLooks.htm


http://www.ccma.nos.noaa.gov/publications/southwestpuertorico.pdf





































