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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 threatehesktiriction. The
brGA2ylFf hOSIYAO YR !'GY24LIKSNAO ! RYAYAAUGNI A2y Qa
and the U.S. Fish and Wildlife Service (FWS) share responsibility for the administration of the ESA. NMFS

is responsible for most marinend anadromous species including the elkhorn cédaropora palmata)

and the staghorn cordA. cervicornis)

NMEFES 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 devetopraplement recovery plans for species under their
2dZNAARAOGARZ2Y S dzyf Sda &dzOK | LXLFy ¢g2dAZ R y24 LINRY2I
recovery plan would promote conservation of elkhorn and staghorn corals and assembl&crtpora

Reovery Team (ART) to develop this recovery plan. The ART included coral scientists and management
experts from state, territorial, and federal government agencies and thegoyernmental sector.

NMFS agrees with the ART that the success oftreporarecovery plan will depend on cooperation
from state, territorial, and federal agencies and a laagn commitment to implementing and enforcing
its recommendations.
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DISCLAIMER

Recovery plans delineate actiotst the available information indicates are necessary for the
conservation and survival of listed species. Plans are publisheB sometimes prepared with the
assistance of recovery teams, contractors, state agencies, and others. Objectives willihedbnhd

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 fedal 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 thirohe

plan formulation, other thalNMFS They represent the official position SMFSonly 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 arel/isions at the website below before using.

LITERATURE CITATION SHOULD READ AS FOLLOWS:

National Marine Fisheries Servicg015 Recovery Plan for Elkhadpcropora palmatagnd Staghorn
(A. cervicornisorals. Prepared by thcroporaRecovey Team for the National Marine Fisheries
Service, Silver Spring, Maryland.

ADDITIONAL COPIES MAY BE OBTAINED FROM:

National Marine Fisheries Service

Southeast Regional Office

263 13th Avenue South

Saint Petersburg, Florida 33701

Recovery planscanbe dofvi2  RSR FTNRY baC{Q ¢6So6aAriasSy
http://www.nmfs.noaa.gov/pr/recovery/plans.htm
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DEDICATION

Brian Keller
A Tribute to a Friend and Colleague

Dr. Brian D. Keller, a sage scientist, patient mentor and committed conservationist, frisrechyo 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 outstandingedfcareer in the Florida Keys and
Caribbean.

Keller was active in progranisat 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 hargdiilb&boms. He

authored numerous scientific publications and taughseveral 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 MichigateSJniversity 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 DanedtBesearch Fellow of Discovery Bay
Marine Laboratory, Jamaica, from 198286, and the Manager of the Smithsonian Tropical Research
Institutes Oil Spill Project from 198894 in Panama.

The monumental Panamanian oil spill study, published in Sciark@80, 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 ExecutivBirector 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 tempe:bigh 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 sancetary program, he helped lay the foundation for management zones in the Florida
ySea FyR tSR STF¥2NIla (G2 YSIadNE GKSANI STFSOUADSYS
monitoring plans and@ontributed toa decade of success for sanctuargimagement of the Keys.

2 A0K 5N YSEEtSNE GKS blFriGA2yQad 20SIy aA0ASyO0OS 02YYdz
conservation of the marine ecosystems of the Florida Keys, Gulf of Mexico and Caribbean. In his role as
science coordinator with the fice 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 managemerntsechtiis
experience and knowledge to mentor others.

His wisdom impacted management decisions locally, regionally, and worldidide.

influence can be seen in courses that are taught on MPA management and science, and the

implementation of sciencbasedprograms especially in the Caribbedtde remained focused on the

ecosystem and, in particular, what constituted a healthy ecosystdmwas wholly committed to

developing strategies to restore those that were degraded both from natural and

manmade cages. NA Y AYUNBRdzOSR Ylye (G2 GKS LINAYyOALX Sa 2
common concept.

Brian was a rare combination of warmth and intelligence. We will miss his accessibility, his intellectual
generosity and his unflappable, calm demeanoeskhtraits, combined with his ability to listen (and

hear), and higM classical statiorannouncer voice, made him a powerful communicator. Accomplished

scientist, ocean advocatandOf 234S FNASYRS . NAFYyQa YSY2NBvworbAff AC
of his friends and colleagues in tReridaKeys and beyond.

Vi
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EXECUTIVE SUMMARY

Current Species Statuglkhorn(Acropora palmatajnd staghorr(A. cervicornisjorals were

listed as threatened under the ESA May 9, 2006NIMFS 2006 Elkhorn and staghorn corals were

once the most abundant and important species on Atlantic/Caribbean coral reefs in tebuddifg

reef structure. Both elkhorn and staghorn corals underwent precipitous declines in abundance
throughout their rangesn the 1970s andl980s. 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 Islandsgsdadibundance are estimated at
greater than 97 percentThe significant loss of population density in both coral species has resulted in a
reduction of their ability to successfully reproduce, either sexually or asexudliia suggest the decline

in Atlantic/Caribbean elkhorn and staghorn coral abundances is primarily the result of dis&ifiseugh
disease was the primary cause of initial decline, other threats sueteaated seawater temperatures
andoceanacidification arecredible andpotentially 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
negaively impacthe survivial anadecovery of these species. Furthermore, no single or collective group
2T GKNBlIGa YFe AYLIOG Fff NBIA2ya 2F GKS&S aLISOAS
or cumulatively likelgompoundimpediments b 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 andreakage, predation, inadequacy of existing regulatory mechanisms, natural abrasion and
breakagepceanacidification, anchutrients andcontaminants.

Recovery StrategyThe purpose of this recovery plan isidentify a strategy forebuildng and
assuingthe longterm viability of elkhorn coral and staghorn copalpulatiors in the wild, allowing
ultimately for thea LJS GémBwval@om the federal list of endangered and threatened species. Elkhorn
and staghorn coral populations should be large enosglthat 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 tathese 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 requiredrézovery,and targets the reduction or
elimination of threats so that the recovery objectives outlined in this plan have the greatest likelihood of
being achievedBecausanany of the important threats to the recovery of elkhorn and staghorn corals
arenot directly manageable, the recovery stratggyrsues simultaneous actions addresscritical
demographic factorghe range of threatsand knowledge gapsThe gaps in knowledge must be
addressed through basic experimental and genetic research alahgnenitoring to determine the

current condition of elkhorn and staghorn caalClimate models and experimental research indicate
that recovery of elkhorn and staghorn corals will be impeded by increasean temperatures and
acidification resuihg from globalatmosphericCQ levels Therefore, actions must be taken to address
ocean warming and acidification impacts on these specisultaneously, local threat reductions,
mitigation strategies, anth andex situconservatiorand restorationactions must be pursuedlhese
include edudngchronic or localized mortality sources (predation, anthropogenic physical damage,
acute sedimentationnutrients, and contaminanjsand acute stresses (LBSP, physical disturbance
threats) Population enhar@ment is also an integral part of elkhorn and staghorn recovery through
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restoration,restocking and active management. Finalggosysterdevel actionsare necessarto
improve habitat quality and restore keystoneef species and functional processesBas herbivory to
sustain adult colonies and enable successful natural recruitment in the long term.

Recovery Goal, Objectives, and Criteriae goal of this recovery plan is to increase the
abundance and to protect the genetic diversity of elkhorn atafjhorn coral populations throughout
their geographical ranges while sufficiently abating threats to warrant delisting of both spéties.
goal, objectives, and criteria represent our expectation of what is needed to remove these two coral
species fromhe list of endangered and threatened specié&covery criteria can be viewed as targets,
or values, by which progress toward achievement of recovery objectives can be measheed.
Populationbased Recovery Criteria (Criteri@)Lrepresent whatecovered species would look likéhe
Threatbased Recovery Criteria (Criterid @) represent the conditions needed &bate the impacts of
threats identified as contributing to the speci{@lreatened status and allow them to sustain a
recovered status TheRecoveryQriteria are based on the current literature, identified assumptions, and
expert consensusln some cases, the ART was able to define quantitative Reconemja®ecause
supporting information, such as models or data, was availdblsome cases, the current best available
informationwas so limited that itvas notpracticableto identify delisting criteria.Thus, interim criteria
wereidentified 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 faettback
ALISOASaQ fAadAy3a adl G dzhe BSArRquite®NPreviibad the siatdsioteAldR NB 02 @
listed species at least onewery five years after it is listedPeriodic review of the species may lead to

updates or revisions of the recovery plan, changes in the listing status of the species, or dalgtiley.

meeting all of the recovery criteria would indicate that the spechould 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 threatetrethe case of

elkhorn arl staghorn corals, it is possible that because of the interaction between the threats and the
ALISOASAQ LRLMzA FGA2Yy NI A&LR ybasEBEREcoveryCritedia mayniithes @A y 3 | f
necessary to achieving restored, sustainable population®ibtmefits to the species from successfully
addressing one threat (e.g., nutrient enrichment) make them more highly resilient to another threat
6SPaAdPE RAASIHASOD / KFy3asSa (G2 GKS aLlSOoASaQ adl Gdza
making afte 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 elkhoemd staghorn corals requires simultaneous increases in recruitment
and abundance of large colonies while maintaining genetic diversity. The following criteria are
populationbased and measure whether stable, abundant, and genetically diverse populations
elkhorn and staghorn corals are present throughout their geographic ranges.

Criterion 1; Abundance

Elkhorn coral: Thickets are presenhtoughout approximately 10

percent of consolidated reef habitat in 1 to 5 m water depiithin the
forereef zone. Mickets are defined asither )02 t 2 y I 8iameter wm
in sizeat adensity of 025 colonies pem? or b) live elkhorn coral
benthiccoverof approximately60 percent. Populations with these
characteristics should be present throughout the range araintaired

for 20 years

and

Staghorn coral:Thickets are presenhtoughout approximately 5
percent of consolidated reef habitat in 5 to 20 m water depfkhin the
forereef zone Thickets are defined &ther a)02 f 2 YO5E B a X
diameterin size at density ofl colony perm? or b) live staghorn coral
benthic cover opproximately 25 percent. Populations with these
characteristics should be present throughout the range and maiathin
for 20 years

Criterion 2.  Genotypic Diversity

Maintain currentoverall average genotypic diversifyréportion of

unique genotypes per number of colonies samplefdapproximately

05 ONRPada G(GKS&AS aLlSOASaQ NIry3aSo
Criterion 3:  Recruitment

Observe recruitment rates necessary to achieve Criteriadl2amver
approximately 20 years;

and

Observe effective sexual recruitment (i.e., establishment of new larval
derived colonies and survival to sexual maturityp  OK a LJISOA Sa Q
population across thie geographic range.

Threat-Based Recovery Objectives and Criteria
Objective 2:  Eliminate orsufficiently abateglobal, regional, and local threats

The recovery strategy for elkhorn and staghorn corals requires simultaneous reduction in threats across
their geographic rangeWhile each threabased criterion influence&ktS & LJISOASAQ GAl 0 Af A (&

Xi
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complex interactions and intenelationships of threats and population response, which will require

evaluation as the recovery plan is implementéthe following criteria are based on the threats

affecting the statusf 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 abateite meeting all

of the recovery criteria would indicate that the species should be @eljst 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 athreatenedspecies In the case of elkhorn and staghorn
corals,itidJ)2aadAo0fS GKIFIG 0SOlFdzaS 2F GKS AyGdSNIOGA2y 0o6Sis
responses, fully achieving all of the Thrbatsed Recovery Criteria may not be necessary to achieving

restored, sustainable populations if the benefits to the spediem successfully addressing one threat

(e.g., nutrient enrichment) make them more highly resilient to another threat (e.g., disease). Changes to
0KS &ALISOASAQ adl (dza ¢ 2 dzf -RakingSfteydorRiBering théNsardeTie EBAR RA (1 A 2
factors considered in listing decisions, taking new information into account.

Interim

Criterion 4.  Disease

Develop aguantitative recoverycriterion through researchBased on 5
years of datan disease prevalence and amount of partial and total
colonymortality in extant thicketsa criterion will be established to
identify diseasecarrying capacitand toreducethe 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 toDegree Heating W&ksless 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

AbundancgCriterion labove) addresses the threat of Loss of
Recruitment Habitat because this criterispecifies the amount of
habitat occupied by the two speciedf Criterion 1 is met, then thi
threat is sufficiently abated,;

or

Thraughout the ranges of these two species, at least 40 percent of the
consolidated reef substrate in20 m depth within the forereef zone
remains free of sediment anthacroalgad cover as measured on a broad
reef to regional spatial scale.

Xii
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Interim

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

Develop gantitative recoverycriteria through researchBased on 5
years of data, criteria will be established to reduce sources of nutrients,
sediments, and contaminants to legedppropriate for recovery.

Criterion 8 :  Regulatory Mechanisms

Adequate domestic anihternationalregulationsand agreementgare
adoptedas necessarip ensure thatall threatbasedrecoverycriteria
are met For exampleappropriatelocal, state/territorial,national,
international, andmulti-jurisdictionalefforts, agreements, and
regulations are necessary to abate the threats floBSP, physical
impacts to coralsandrising ocean temperature anatceanacidification
resulting fromincreasing atmospheric G@oncentrations

Criterion 9: Natural and Anthropogenic Abrasion and Breakage

Interim

Appropriateand effectiveregulatory, response, restoration, and
enforcementmechanisms are in place domestically and internationally
for both planned ad unplanned impactsFor 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 plancluding appropriate
compensatoy and site restorationis executed.

Criterion 10: Predation

Develop aguantitative recoverycriterion through research Based on 5
years of datan predation prevalence and amount of mortality
extant thickets a criterion will be establishedo identify predation
carrying capacity antb reducethe impact of predation to a level
appropriate for recovery

Actions Needed:Becauseanany of the important threats to the recovery of elkhand staghorn corals
are not directly manageable, the recovery strategy must pursue simultaneous actions to:

1

Improve understanding of population abundance, trends, and strugtin@igh monitoring and
experimental research

Qurb oceanwarming and acidifidion impactsto health, reproduction, and growttand possibly
curbdisease threatsby redudng atmospheriogreenhouse gasoncentrations

Determinecoral health riskactorsandtheir inter-relationshipsand implement mitigatioror
control strategies taninimize or preventmpacts to coral health

Reduce locif-manageable stress andortality sources (e.g., predation, anthropogenic physical
damage, acute sedimentatiomutrients, contaminants

Xiii
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1 Develop and implement appropriate strategies for populatimiancement, through restocking
and active management, in the short to medium term, to increase the likelihood of successful
sexual reproduction and to increase wild populations.

1 Implement ecosystentevel actions to improve habitat quality and restdeystone species and
functional processes such as herbivory to sustain adult colonies and enable successful natural
recruitment in the long term.

Date of RecoveryThe Recovery Teaastimated that it will take approximately 400 years to achieve
recovery lased on the significant mitigative actions identified in this plan.

Total Cost of Recoveryver 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 recoased on recovery
actions for which we have cost estimates, a gross estimate for the total cost of re@miienys to be
implemented in U.S. jurisdictions calculated to be 364,540,000+. This represents an extreme
underestimate for the actual cost oécovery, which is likely to d@gher in consideration adctions

needed inforeign nations with elkhorn and staghorn corals living within their territorial@agaide U.S.
jurisdiction

Xiv
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. 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 recoveryfplagach 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 sel§ustainable in the wild and can be safely removed fthenlist of endangered and
threatened species. Recovery plans are advisory documents onlyheindecommendations are not
obligatory. However, failure to implement recovery actions may result innthefinite listing of the
species oits extinction This recovery plan covers both elkhgAtropora palmatagnd staghorr(A.
cervicornisyorals, whicklthe National Marine Fisheries ServidéMF$ listed as threatened under the
ESA in May 2006.

A. Brief Overview

The genug\croporais the most abundat and speciesich 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, kasviusedstaghorn

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 sedRaidlanks 1989, Pandolfi

and Jackson 2006, Bldman et al. 2009 Both coral species were historically among the most dominant
frameworkbuilding species on Atlantic/Caribbean coral reé8ased on existing quantitative data,

declines in their abundance have been estimated at 97 percent.

All scleractinian corals, includinglkhorn and staghorn coralare included in Appendix Il of the

Convention on the International Trade in Endangered Species of Wild Fauna and Flora (CITES). This listing
allows commercial trade andisatific exchange of specimens, but exporting countries must issue a CITES
permit for international transport based on legal acquisition and a finding ofderiment ?

Section 4(f)(1) othe ESA mandates that, when developing and implementing recqlang, 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 speies 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 andbaitude of threas (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 numBebased on the

magnitude of threats 6 A yhih= @ NB O2 OSNE LIN2RBNA NS ZE@SAYWR dKSs L2 (¢
economic conflicts while implementing recovery actions.

1. Listing History

On March 4, 2004, the Center for Biological Diversity (CBD) petitioned NMFS to lisk¢hopera
speciex elkhorn, staghorn, and fusestaghorn(A. prolifera)oralst as either threatened or

! Underlined words are defined in the glossary, see Appendix B.
2 A CITES permit is not required foreddcoral specimenkess than 36nm (1.3 in) in size.




endangered under the ESA, and to designate critical habitat. On June 23, 2004, NMFS made a positive
90-day finding NMFS 200¥that CBD presented substantiaformation indicating that the petitioned

actions may be warrantedNMFSnnounced the initiation of a formal status reviend convered an

Atlantic AcroporaBiological Review Team (BRT). The status review (available at
http://sero.nmfs.noaa.gov/pr/esa/acropora.htinconcluded that disease, temperatuireduced

bleaching, and physical damage from hurricanes were the greatest threats to elkhorn and staghorn
corals. Additionally, the threats froanthropogenic 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 coralelgreolik

become in danger of extinction throughout all or a significant portion of their range in the foreseeable
future. The major stressori&lentified at the time asffecting the status of the two speciesere disease,
elevated sea surface temperature,cihurricanes. Other stressors identified as contributing to the

status of the species, given their extremely reduced population sizrs, sedimentation,

anthropogenic abrasioand breakage, competition, excessive nutrients, predation, contaminants, loss
of genetic diversity, African dustlevated carbon dioxide leveland sponge boringFurthermore,

NMFS concluded that listing fussthghorn coral as threatened was not warranted, as it is a hybrid of
elkhorn coral and staghorn coral and does not cdastia speciess defined in the ESANMFS 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, 2008IMFS 2006

Since the final threatened listing in 2006, new information on the status and threats to these species led
the recovery teamo 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 Decembe¥, 2012, NMFS proposed teclassifithe status of elkhorn and staghorn cas&élom
threatened to endangere?7 FR 7322MNMFS 201R Thisproposalwas based on newmformationon
vulnerabilityof these two speciet threats, particularlyocean acidificationand continued population
declines since the original listing in 200@ocumented recruitment failure in some populations, gta
information a the percentage of clonesnd thesusceptibilityand exposuref Acroporaspecieso
threats, all contributed to the prop@sto reclassifithe status of elkhorn and staghorn corals
endangered.In September 201/NMFS published a final rule thataintainedelkhorn and staghorn
coralsasthreatened instead of the proposed reclassifigat to endangered. The final listing rule
SELX I AYy& bacC{ Q TAY Rikelytd betokne iti dafigkr®fze8inciohlvé th&riext | NB
several decades due to the threats described in this recoverygdampeding their recovery, and thus
these caals continue to meet the definition of threatened species.

2. Recovery Planning and Scope

NMFS assembled th&croporaRecovery Team (ART) in September 2006. The team used the threats

and causal listing factors that were identified in the final listing 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 6 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 revieaegy five years, a process that may

include recommended changes to the recovery plan.



http://sero.nmfs.noaa.gov/pr/esa/acropora.htm

Only populations of elkhorn and staghorn corals that are under U.S. jurisdiction are protected under the
ESA; however, recovery is required throughout the geogramges of these species for delisting.
Additionally, many threats that these specfaseare globalbr regional in scale, and abatement of

these threats within U.S. jurisdictions alone will not be sufficient for recovery. Therefore, elkhorn and
staghorncoral 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 gen&tantipora (Blainville 1830)AnacroporaRidley 1884),
AstreoporaBlainville 1830), andcropora(Oken 1915). Presently 36&medAcroporaspecies (worle
wide) are known from the literature (Veron 1986); of these only two spdeié&born and staghorn
corals)and one hybriqfusedstaghorn ceal) occur in the western Atlantic and Caribbean.

Species oAcroporaexhibit an extremely wide breadth of growth forms (e.g., staghorns, bushes, plates,
tables, columns). All species contaobxanthelladn their soft tissue Acroporahave a paleontological
history dating from the Eocergpoch(33 to 55 million years ago). Veron (2000) divided the genus into
groups of species based on colonial morpholdgyexample, species with solid plates, thick talitke
branches, ad irregular branching with prominent axial corallites.

Staghorn coral is characterized by amdike colonieswith straight or slightly curved, cylindrical
branches.The diameter of staghorn coral branches ranges from 0.25 to 5 cm (0.10 t@Rdr)sue

color ranges from golden yellow to medium brown. The growing tips of staghorn coral tend to be lighter
or lack color (SeEigurel). 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
duringthe 1970s.

- wa

Figurel. Staghorn coral. Photo credit: Caroline Rogers
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Elkhorn coral is the largest acroporid coral found in the Atlantic/Caribbean. Colonies developikeond
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). Likasgkorn 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 (SEgyure2).

Figure2. Elkhorn coral. Photo credit: Michael Barnette.

C. Distribution and Habitat Use

1. Distribution

Elkhorn and staghorn coradse widely distributed throughot the westernAtlantic, Caribbeanand Gulf

of Mexico,both insideU.S. jurisdictiorfFlorida, Puerto Rico, U.S. Virgin Islands (Usdthwestern Gulf

of Mexico(Flower Garden Banks National Marine Sanctuary), NayaasieoutsideJ.S. jurisdiction
(Anguilla,Antigua and Barbuda, Aruba, Bahamas, Barbados, Belize, British Virgin Smdan
IslandsCobmbia, Costa Rica, Cuba, Dominica, Dominican Republic, Grenada, Guadeloupe, Haiti,
Honduras, Jamaic®onserrat,Martinique, Mexico, Netherlands Ailes, Nicaragua, Panam&;.
Barthelemy St. Kitts and Nevis, St. Lucia, St. Vincent and the Grenadines, Trinidad and Tabego,

and Caicosand Venezuela). The best scientific data available show the current general geographical
distribution of elklorn and staghorn corals has remained unchanged from the historical (no evidence of
range constriction) (seEigure3), though thepercentageof reefswhere the two species were

historically present has declinedackson et al. 20)4




Flower Garden Banks
National Marine Sanctuary

F‘q)ma\\sland 3 Virgin Islands
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St. Kitts and Nevis'&§
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Caribbean Sea

herlands St. Vincent and
Antilles the Grenadines
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Figure3. Approximate range of elkhorand 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 AcroporaBRT 2005).

The geographic area occupibd 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 -[Vaami

County, and Monroe County), Flower Garden Banks National Marine SanctuanM8BNd 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 (Ga@di843, Tichenor
pers. comm.), and distributed across its depth raf®80 m)moving south and west throughout the

coral and hardbottom habitats off Broward County (where it forms extensive thickets), Nhade

County, the Florida Keys, and the Dry Tgasl (Jaap 1984Valker and Klug 20)4 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 andDéidenCanties,
andis 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 locati®asgrer et ak009,Weil et al.
unpublished data, Hernandez unpublished data)addition to live colonies, large stands of dead

elkhorn currently exist on the fringing coral reefs along the shoreline (e.g., Punta Picta, Punta Miquillo,
Rio Grande, Guanica, La Parguera, and Mayaguez).




USVI reefs also support populations of elkhand some staghorn corals. The geographic information
system (GIS) data NMFS has received indicate the presence of elkhorn and staghorn corals around most
of St. Croixbut 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 easternase@round the islandThereare limited

guantitative 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 elkhorfGroberDunsmore et al. 20QGandstaghorn corals; however, the
elkhorn coral populations underwent serious decline during the 2005 bleaching event. Little

information is available on changes in staghorn coral populatiomsrat St. John (Rogers pers. comm.).

The dataNMFShasindicate 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 lahd 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 coralespare known from Navassa, with elkhorn
coral apparently increasing in abundance since 2000, and staghorn coral rare and declining (Miller et al.
200&).

Last, there are two known colonies of elkhorn coral at FGBNMS, located 161 km (100 mi) off the coast
of Texasand Louisian@ the northwesternGulf of Mexico. The FGBNMS is comprised of three areas of
salt domeghat 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 surveyetitrentwo known colonies were discovered only
recently in 2003 and 2005 (Zimmer et al. 2008)ands of fossA. palmata(10,1576,838 cal BP) arél.
cervicornig1,027%211 cal BP) are reported in Prect et al. (20I#)ese fossil reefs underlie theifig

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 welison limestone ridges, terraces, and hardbottom habit@sldberg 1973Gilmore
andHall 1976, Cairns 198Ravis 1982Jaap 1984, Wheaton and Jaap 1988ler et al. 2008h)

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 f{Vells 1933, Davis 1982, Jaap 198Hp and Wheaton 1988, Jaap et al.
1989. Although staghorn coral colonies are sometimes found interspersed among colonies of elkhorn
coral, they are generallpcatedin deeper water seaward of the elkhorn coral zone and, heimce,

waters moreprotectedfrom wavesToday 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 ofdafth (10to 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, reeff crest and shallow spur
and groove zone (Shinn 1963, Cairns 1982, Rogers et al. NI9&2 et al. 2008bjn water ranging from
1to 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 cat often grow in nearlynono-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; sBgyured). 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 fagietructuresn
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 belowepth 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).

~ P s B S, P e

R, P e
Figure4. Elkhorn thicket off Vega Baja, Puerto Rico. Photo Credit: NOAA Restoration

Approprige 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 fragtee The type of substrate available directly
influences settlement success and fragment survivor@hipnan 200Q) Additionally, both species
require relatively clear, wettirculated water (Jaap et al. 1989) and highlydependent upon sunlight
for nourishment (Porter 1976, Lewis 1977). Unlike other coral species, neither elkhorn nor staghorn
coral is likely to compensate for reductions in lergn water clarity with alternate food sources, such
as zooplankton and suspended particulate matier(poraBRT 2005). Typical water temperatures in
which these coral species grow range from 21° to 30°C (70 to ®utkhey areable to tolerate
temperatures both lower and higher than the seasonal minimum/maximum for a brief period of time.
Ther responses to temperature perturbations depend on the duration and intensity oéxipesureas
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 endangeredDesignation of critical habitat must occur in a publile-makingprocess

within a specific timeframe and must use the best stifeninformation 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.




Before designating critical habitat, consideration must bveig to the economic impacts, impacts on
national security, and other relevant impacts of specifying any particular area as critical hAl\WM&S
may exclude an area from critical habitat if the benefits of exclusion outweigh the benefits of
designationunless excluding the area will result in the extinction of the species concerned.

On November 26, 2008, NMFS designated critical habitat for elkhorn and staghorn &S 2008
The designated aresa approximately 2,959 square milesinclude marinehabitat in four counties of
Florida, in Puerto Rico and its associated islaaddjn St. ThomasSt. John,and St. Croix, US\éeé
Figureb-8). NMForoposed 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 iddfies 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, andnieitat needs,
NMFSddentified 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.

G{dzoAGNIGS 2F adsAdGlroftS ljdatAde IyR @At oAt AGRE
coral skeleton that is free from fleshy or turf macroalgae cover and sediment cohes 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 #ssential featurdor threatened corals is found, NMFS relied on
information obtaned 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 InteriorNMFSA RSY G A FA SR T2 dzNJ & & ag@yihkaf dre@ ockuNiBdl & ¢ 4 A
by these species at the time of listing that contain #ssential feature These areas comprise all waters

in the depths of 98 ft (30 m) and shallower to: (1) th& .8 m) contour from Boynton Inlet, Palm

Beach County, to Gemment Cut, MiamDade 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) thin&litV$1. John/St.

Thomas, USVI; and (4) the MLW line in St. Croix, US\Hi{(foeeb-Figure8). Within these four specific

areas, theessential featureconsists 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 gdooniite the essential

feature for elkhorn and staghorn corals. Additionally, all existing (meaning constructed at the time of

the designation of critical habitat) federalyuthorized or permitted mamade structures, such as aids
to-navigation (ATONsyytificial reefs, boat ramps, docks, pilings, channels, or marinas, do not provide
thefeatureG K 0 A& SaaSyidAilf G 2NMESSIEE oseliBit@rk el the Dadiay & S NIJ | |
Restricted AnchorageArea, comprising approximately 5.5 square msild4.3 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 (INRMRMHESdeterminesthat such a plan provides a
benefit to these coral species (16 U.S.C. 1533(a)(3)B)}-Sdetermined that the Naval Air Station Key
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http://isurus.mote.org/Keys/bleaching.phtml






























































































































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