FLORIDA GULF OF MEXICO RESTORATION

PROJECT SUBMITTAL FORM

Form Purpose and Instructions:

e To assist the project proposal and review process, please complete this Submittal Form. Completion of
the Form will contribute to the appropriate information being completely and accurately submitted for
each project.

e Take as much space as needed for each question, but please keep responses as focused as possible. It
may assist you to review all the questions before addressing any one question.

e Please submit one Form per project, if you have multiple projects - please submit one Form for each
project.

e Please submit completed Forms to Restoration.Projects@dep.state.fl.us. Once your Form is
successfully submitted, you will receive a confirmation email from the Florida Department of
Environmental Protection.

Project Name:

Restoring Threatened Corals to Enhance Reef Functions, Fisheries Habitat and Tourism Opportunities in the
Florida Keys and Dry Tortugas

Contact Information (Include at least one name, phone number, email address, and organization name if applicable):

Caitlin Lustic, (305) 872-7071, clustic@tnc.org, The Nature Conservancy (TNC)

Chris Bergh, (305) 872-7071, cbergh@tnc.org, The Nature

Project Location (Include a map, if possible, and the city, county, longitude/latitude, and watershed):

Coral nurseries and outplant sites are located in state and federal waters of the Upper, Middle, and Lower Keys
and within Dry Tortugas National Park, as follows:
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Project Description (Describe all aspects of the project):

The proposed project focuses on the restoration of staghorn (Acropora cervicornis) and elkhorn (Acropora
palmata) coral, both of which are listed as threatened but proposed for uplisting to endangered under the
Endangered Species Act (ESA). Acroporid coral populations in the U.S. Atlantic and Caribbean have declined
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Estimated Project Costs (Describe the estimated costs of the project, including any assumptions for contingency and i
ongoing operations/maintenance. Identify other secured funding sources such as matching funds, in-kind contributions or
state/federal dollars. In addition, if possible, complete and submit the Cost Appendix Sheet associated with this Form): i

The project cost for six years will be $15 million for a total of 84,000 corals outplanted and associated studies.

The budget includes approximately $60,000 per year for salaries, travel, and supplies for the TNC Florida Keys
ofﬁce for program management and coordlnatlon An add1t10na1 $42 OOO per year will be used for two annual

Other Funding (Indicate if the project is submitted for any potential funding or if it may be used to leverage additional
funding, if so please describe the funding source [e.g. State/Federal Grants]):

The project was just submitted for consideration to NOAA's Coastal and Marine Habitat Restoration Project
grant program for a total of $1.1 million over three years. TNC and project partners committed to jointly
matching the NOAA funds at a ratio of 1:1; the proposed budget was $1,074,654 in NOAA funds with

$1 151,769 1 in matchlng TNC and partner funds In addition to Florlda Keys and Dry Tortugas restoratlon effort
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Technical Feasibility (Describe the technologies involved and any relevant past experience or proven success with similar
projects):

Technologies Involved. The project's restoration and recovery approach is to take small fragments of live
tissue from healthy coral colonies of known genetic stock, grow them out in undersea nurseries over time to
create multiple colonies of each genetic type, and then outplant genetically distinct individuals in proximity to
one another so they spawn and help reseed surrounding reefs up to a kilometer away. Each outplanting site also
directlv enhances live coral cover. three dimensional structure. fisheries habitat and tourism valie.

Environmental Benefits (Describe the nature, magnitude, and timing of any environmental benefits attributable to the
project. If possible, describe potential environmental performance measures [e.g. pollutant reduction]. Please address
any potential environmental impacts associated with implementing or maintaining the project [e.g. loss of a habitat or
conversion of habitat from one type to another during implementation]):

Staghorn and elkhorn corals were historically major reef-building coral species found in the waters off Florida
and throughout the Caribbean (Jackson, 1992). As recently as the 1980's, these fast-growing corals formed
dense three-dimensional thickets at intermediate (5-20m) depths, contributing significantly to reef growth,
island formation, and coastal protection, and providing essential habitat for fishes including many commercially
and recreationally important species (Bruckner, 2002; Shinn, 1966).

Economic and Social Benefits (Describe the economic and social benefits including those related to the project’s /mproved
ecosystem services and any estimates on jobs created or preserved): i

Coral reefs and associated habitats provide fishery and nature tourism resources that represent a critical source
of food and livelihoods for people. Monroe County residents and businesses received just under $200 million
from the Gulf Coast Claims Facility on more than 11,000 claims following the DeepWater Horizon disaster.
The Florida Keys National Marine Sanctuaries Socioeconomics Fact Sheet reports that:

1) More than 33,000 jobs in the Florida Keys are supported by ocean recreation and tourism, accounting for 58




Community Resilience (Describe if the project assists Florida’s ability to anticipate, withstand, or recover from hazards or
threats [e.g. hurricane preparedness, establishing living shorelines]): i

Healthy coral reefs have rough surfaces and structures that help dissipate the force of waves that would
otherwise break on the shoreline (http://www.noaa.gov/features/protecting_1208/coastlines.html). Up to 90%
of the energy from wind-generated waves is absorbed by reefs. Every meter of reef protects an estimated
$47,000 of property value in the US (The H. John Heinz III Center for Science Economics and the
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Conflicts or Complements to Existing Efforts (Describe any ongoing activities in the project implementation area, if the
project is part of another plan, and why the project does or does not interfere with that work. Please consider how the
project may complement existing local, regional, and state efforts/plans/objectives):

It is widely recognized that active restoration must be paired with large-scale management efforts aimed at
protecting coral reefs region-wide. The need to link active restoration with other available management tools
such as Marine Protected Areas has been recently highlighted in the review conducted by Young et al. (2012)
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Complies with Federal, State, Local, and Tribal Laws/Regulations (Describe any concerns or potential conflicts):

There are no known or expected conflicts. Permitting review by the Florida Fish and Wildlife Conservation
Commission includes a review by the Florida Department of Environmental Protection for any potential
conflicts of interest with permitted or upcoming coastal construction projects.

Readiness for Implementation (Describe if the project has had any design or permitting work started or completed
[attach permits or design work]. Please address any issues that may delay start or finish of the project):

All permits are either in hand or are expected to be in hand by March 2013. Permitting requirements will
change if the corals are uplisted to endangered in the next year, but we are currently working with NOAA's
National Marine Fisheries Service and the other Federal and State permitting agencies to ensure as smooth a
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Public Acceptance (Describe any known or potential public approval or opposition to the project):

This project has the approval of local, state, and Federal reef management agencies, including the Florida
Department of Environmental Protection's Coral Reef Conservation Program, Florida Fish and Wildlife
Conservation Commission, NOAA, the National Marine Fisheries Service, the National Park Service, and
FKNMS. We have also received support letters from the Florida Keys Commercial Fisherman's Association
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Additional Information you wish to provide (Please include any maps, designs, drawings, photos, or background
resources that may assist in completely and accurately understanding the project):

Allee WC (1931) Animal Aggregations: A Study in General Sociology. University of Chicago Press, Chicago.

Bruckner AW (2002) Proceedings of the Caribbean Acropora Workshop: Potential Application of the U.S.
Endangered Species Act as a Conservation Strategy. NOAA Technical Memorandum NMFS-OPR-24, Silver
Spring, MD 199pp.

Cabaitan PC, Gomez ED, Alifio PM (2008) Effects of coral transplantation and giant clam restocking on the




Cost Appendix Sheet

Cost Item

Cost Estimate

Planning

Contracts

Feasibility

Engineering, Design, Land Rights, & Bid Prep

Restoration Plan

Site Visits & Cost of Site Selection

Administration, Overhead, and Indirect

Other

Planning Subtotal:

$0.00

Construction

Contracts

Administration & Mobilization/Demobilization

Other

Construction Subtotal:

$0.00

Monitoring

Contracts

Data Collection

Monitoring Administration

Other

Monitoring Subtotal:

$0.00

Project Cost

Supervision

Subtotal:

$0.00

Contingency

TOTAL:

$0.00

Estimated Costs by Year

Year 1

Year 2

Year 3

Year 4

Year 5

Year 6




Appendix

Project Location: Coral nurseries and outplant sites are located in state and federal waters of the
Upper, Middle, and Lower Keys and within Dry Tortugas National Park, as shown below:

Restoring Threatened Corals to Enhance
Reef Function, Fisheries Habitat and Tourism
Opportunities in the Florida Keys
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Project Description

Table 1. Nursery inventories as of January 2013.

Region Manager # of genotypes | # of colonies
Upper Keys Coral Restoration Foundation 97 30,000+
Middle Keys Florida Fish and Wildlife 15 558

Conservation Commission
Lower Keys Mote Marine Laboratory 37 4603
Dry Tortugas TNC — Florida Keys Office 17 200
TOTAL 166 35,361

Technical Feasibility

Technologies Involved. The project’s restoration and recovery approach is to take small
fragments of live tissue from healthy coral colonies of known genetic stock, grow them out in
undersea nurseries over time to create multiple colonies of each genetic type, and then outplant
genetically distinct individuals in proximity to one another so they spawn and help reseed
surrounding reefs up to a kilometer away. Each outplanting site also directly enhances live coral
cover, three dimensional structure, fisheries habitat and tourism value.
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Nursery Types:

Line Nurser

Tree Nursery

Outplanting Methods:

On a nail with epoxy at the base




EXAMPLE of outplanting site design

Fifteen outplanting arrays situated along a reef edge.

Each array is comprised of 10 colonies arranged in a cluster, with one representative from each
of 10 genotypes per array.
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Readiness for Implementation

Table 2. List of permits.

National Park

Collecting Permit

TNC

e . Type of permit or . . . Issuance | Expiration
Permitting Entity approval Applicant Permit/ Tracking # date date Notes
Caitlin Lustic,
National Marine Biological TNC/Tom Moore,
Fisheries Service Opinion NOAA Habitat FISER/2011/05414 9/14/2011 NIA
Restoration Center
FL Fish and Wildlife Special Activit New application in
Conservation peciz y Caitlin Lustic, TNC SAL-11-1086A-SCRP 3/13/2012 | 2/16/2013 PR
. License review
Commission
Florida keys | (0000
National Marine value of the Caitlin Lustic, TNC FKNMS-2011-150 3/26/2012 | 6/30/2013
Sanctuary 3
anctuary
Scientific
Dry Tortugas Research and Meaghan Johnson, | o1y 9012.5C1-0003 | 3/1/2013 | 3/1/2014




	Project Submission Form-updated.pdf
	 Additional Information you wish to provide (Please include any maps, designs, drawings, photos, or background resources that may assist in completely and accurately understanding the project):

	Cost Appendix Sheet-updated

	Project Name: Restoring Threatened Corals to Enhance Reef Functions, Fisheries Habitat and Tourism Opportunities in the Florida Keys and Dry Tortugas
	Contact Information Include at least one name phone number email address and organization name if applicable: Caitlin Lustic, (305) 872-7071, clustic@tnc.org, The Nature Conservancy (TNC)
Chris Bergh, (305) 872-7071, cbergh@tnc.org, The Nature 
	Project Location Include a map if possible and the city county longitudelatitude and watershed: Coral nurseries and outplant sites are located in state and federal waters of the Upper, Middle, and Lower Keys and within Dry Tortugas National Park, as follows:
1. Upper Keys: Florida Keys National Marine Sanctuary (FKNMS) waters off Tavernier, Monroe County, FL 33037. Lat/Long 24° 58.933' N -80° 26.178' W. Florida Keys watershed.
2. Middle Keys: FKNMS waters off Marathon, Monroe County, FL 33050. Lat/Long 24° 40.068' N -81° 01.548' W. Florida Keys watershed.
3. Middle Keys 2: FKNMS waters off Long Key, Monroe County, FL 33001 24° 44.8080' N  -80° 47.0580' W. Florida Keys watershed.
4. Lower Keys: FKNMS waters off Big Pine Key, Monroe County, FL 33043.  Lat/Long 24° 33.754 N -81° 24.005' W. Florida Keys watershed.
5. Dry Tortugas: Dry Tortugas National Park, 70 mi. W of Key West, Monroe County, FL. Lat/Long 24° 37.170' N -82° 53.868' W. Florida Keys watershed.
See the Appendix for maps of the nursery and outplant sites in each region.
	Project Description Describe all aspects of the project: The proposed project focuses on the restoration of staghorn (Acropora cervicornis) and elkhorn (Acropora palmata) coral, both of which are listed as threatened but proposed for uplisting to endangered under the Endangered Species Act (ESA). Acroporid coral populations in the U.S. Atlantic and Caribbean have declined by up to 97% since the late 1980's, mainly due to temperature-induced bleaching, diseases, hurricanes, and localized anthropogenic impacts. These species rely heavily upon asexual reproduction via fragmentation and have shown very little successful sexual recruitment due to low population numbers since their large-scale decline (Vargas-Angel et al., 2003), making natural, unassisted recovery unlikely.
Coral reefs with abundant populations of staghorn and elkhorn corals provide essential habitat for fishes including many commercially and recreationally important species (Bruckner, 2002; Shinn, 1966). Juvenile reef fish, schooling bait fish, large herbivores, predatory reef fish and invertebrates are all associated with staghorn and elkhorn corals on reefs (Lirman, 1999). In addition to their importance as habitat, these shallow-water corals provide snorkeling and diving opportunities that support tourism, an important economic driver in both Florida and the USVI.
TNC and partners are proposing that through large scale nursery cultivation and strategic outplanting to reefs throughout Monroe County, these species can be reestablished as breeding populations that will provide subsequent natural recovery. By outplanting multiple genotypes within each region, the likelihood of cross fertilization and increased genetic diversity within the local population is enhanced. Between the 4 regions, approximately 14,400 corals will be outplanted to degraded Monroe County reefs per year.  A nursery stock of at least 10,000 corals will be maintained in previously established nurseries. 
Primary Activities
The ultimate goal of the project is to restore breeding populations of keystone coral species to degraded coral reefs throughout Monroe County.  Large-scale outplanting of genetically distinct colonies will increase the likelihood of successful cross-fertilization and larval settlement on critical habitat within and between restoration sites.  
Nursery Operations.  Nurseries were installed and stocked through previously-funded projects starting in 2004.  Under American Recovery and Reinvestment Act (ARRA) funding, each regional nursery collected from 20 wild donor colonies within the region.  Genetic identity of all 20 of those colonies was established.  Additionally, nursery managers were authorized to collect fragments of opportunity, defined as fragments found in the wild that are unlikely to survive there (i.e. broken pieces in sand that are unlikely to reattach to hard substrate, live tips of colonies on a dead  base, etc).  No new collections from live wild colonies are planned, but all nursery managers will be authorized to assess fragments of opportunity and either reattach them to nearby substrate or bring them to the nursery for triage and future fragmentation.  This allows us to save colonies that would otherwise be lost in the wild, and increase the genetic diversity in the nurseries without taking tissue from live colonies.
Throughout the life of the project, existing nurseries will be maintained.  Day-to-day nursery maintenance includes cleaning coral attachment points, removing predators, and fragmenting corals as they become too large for their mounting structures.  New structures will be added to the nursery as needed to support the growth of nursery corals.  Each manager will be responsible for maintaining an accurate nursery inventory that indicates when corals were created or lost, and why.  Maintenance requirements differ based on nursery size and design, season, and disturbance event frequency (i.e. storms, bleaching conditions, disease outbreaks) so maintenance schedules are determined by each individual nursery manager based on the needs of their nursery.
See Table 1 in the Appendix for information about current nursery inventories.
 
Outplanting.  The main focus of this project is to move large numbers of coral fragments from the nurseries onto the natural reef.  An array of genetically distinct coral fragments will be outplanted to each site to help encourage future sexual reproduction.  All corals in the nursery have been organized such that the original parent colony is known, which allows nursery managers to ensure that they are using fragments from different genetic strains.  In some cases, corals of unknown genotype (generally those collected as fragments of opportunity) are outplanted but they are outplanted with others of known genetic make-up to ensure diversity at the site.
Corals are transported to the outplant site in coolers of seawater to help limit stress associated with being handled.  The fragments are secured to the substrate using one of three proven methods: 1) a coral fragment may be secured with epoxy to the substrate; 2) a coral fragment may be left on the puck that it was attached to in the nursery and the puck may be secured to the substrate with epoxy; or 3) a small masonry nail may be driven into the substrate and the coral fragment secured at the base with epoxy and secured to the nail with zipties.  All three of these methods have been used successfully in the past and the coral eventually grows over the attachment method in all cases (Johnson et al., 2011).  Each site will then be mapped to aid in future monitoring.  Monitoring at the outplant sites will include assessments of survivorship and condition including predation, disease, and bleaching.  Maintenance at the outplanting sites will include removal of coral-eating snails and worms, reattachment of broken fragments, and disease and algal overgrowth management where necessary.
Each outplanting site will be completed in accordance with basic outplanting guidelines that the project team developed in conjunction with the National Oceanic and Atmospheric Administration (NOAA) Habitat Restoration Center, Florida Fish and Wildlife Conservation Commission (FWC), FKNMS, and National Park Service (NPS) prior to the ARRA outplanting.  Standard monitoring will be conducted at each site.  Additionally, some sites will be used to implement effectiveness monitoring to feed back into adaptive management and increased project performance.  
Secondary Activities
Rescue nurseries.  A noteworthy ancillary benefit of this project is the opportunity to maintain existing rescue nurseries for Acropora and other important species of stony corals.  Due to hurricanes and increasing numbers of boat groundings and coastal construction projects that impact corals, local management agencies have identified a need for nurseries to provide a home for rescued or damaged corals of all species. Our existing nurseries provide assistance to management agencies in damage response and assessment efforts following boat groundings and natural disturbance events.
Advancing the science of restoration.  In addition to the main goals of species recovery and on-the-ground habitat restoration, TNC and partners are interested in conducting manipulative experiments in the nurseries and/or at outplant sites to continue to advance the science of reef restoration.  Some of our primary research questions revolve around optimal size and density of outplanted corals to maximize survivorship.  TNC and project partners will consult with NOAA's Habitat Restoration Division and other management agencies regarding experiments designed to test approaches that may enhance survival.
Nurseries and outplant sites as research platforms. Over the course of this program, many scientific collaborators have conducted research either in the nurseries or by taking small samples from the nursery corals for laboratory analysis.  These projects benefit the scientists because it has been easier to get permits to take samples from nursery stock than from wild stock, they benefit the permitting agencies because they do not have to authorize sampling from wild colonies and they benefit the project because the studies generally answer questions that help advance the science of nursery-rearing, outplanting, or Acropora recovery in general. 
Work with other coral species.  In addition to the two Acroporid species, there is interest in working with additional Atlantic coral species, particularly those that have recently been proposed for listing under the ESA.  Interest among other researchers in understanding the genetics of these species and potential funding opportunities for that research may provide an opportunity for collections to be made from colonies of known genetic background.  By piggy-backing with this separately-funded work, TNC and partners may collect fragments to begin nursery propagation.  TNC and partners will explore this option with the NOAA Restoration Center and other management and permitting agencies as well as other research scientists.  
Project Monitoring
Nursery Monitoring: Monitoring in the nurseries will consist of an inventory management system that tracks the creation and loss of corals, and the causes of loss.  This will be tracked by genotype and nursery structure type so correlations can be made if significant losses occur following a storm, bleaching event, or disease outbreak.  Monitoring will occur at least quarterly and in association with any event that causes major coral losses.
Outplant Monitoring: All outplanted corals will be mapped to provide as-built drawings, to track what genotypes were outplanted to each reef site and to facilitate monitoring.  A representative sample of outplant sites will be monitored at one and six months after outplanting and assessed for survival, disease, predation, and bleaching.  This sample of sites will also be monitored following any storm or other potentially damaging event.  
	Estimated Project Costs Describe the estimated costs of the project including any assumptions for contingency and: The project cost for six years will be $15 million for a total of 84,000 corals outplanted and associated studies.
The budget includes approximately $60,000 per year for salaries, travel, and supplies for the TNC Florida Keys office for program management and coordination.  An additional $42,000 per year will be used for two annual live-aboard vessel charters to Dry Tortugas National Park for outplanting 400 corals per year.  The remaining funds will be passed through TNC to project partners to conduct nursery maintenance, coral outplanting, and nursery and outplant monitoring, as follows:
1) Coral Restoration Foundation will receive $1 million per year to outplant 10,000 corals per year for a total of $6 million for 60,000 corals.
2) Florida Fish and Wildlife Conservation Commission will receive $700,000 per year to outplant a minimum of 1,500 coral in addition to designing and implementing applied science projects, for a total of $4.5 million and 9,000 corals.
3) Mote Marine Laboratory will receive $250,000 per year to outplant a minimum of 2,500 corals per year, for a total of $1.5 million for 15,000 corals.
TNC has secured funding in the amount of $170,000 from the TNC-NOAA Community-based Restoration Program (CRP) grant.  TNC and project partners have committed to matching the CRP funds at a ratio of 1:1:1, so each partner organization will receive $24,000 in CRP funds, $24,000 in TNC cash, and will provide $24,000 worth of match in the form of contributed good and services, no-cost or discounted boat time, supplies, volunteer hours, and the difference between the partner organization's standard indirect cost recovery rate and the allowable rate of 18%.  This funding will cover work between January 2013 and December 2014, and includes work in South Florida and the U.S Virgin Islands in addition to that in Monroe County.
	Other Funding Indicate if the project is submitted for any potential funding or if it may be used to leverage additional: The project was just submitted for consideration to NOAA's Coastal and Marine Habitat Restoration Project grant program for a total of $1.1 million over three years.  TNC and project partners committed to jointly matching the NOAA funds at a ratio of 1:1; the proposed budget was $1,074,654 in NOAA funds with $1,151,769 in matching TNC and partner funds.  In addition to Florida Keys and Dry Tortugas restoration effort this proposal includes our partners in Broward County, Miami-Dade County and the U.S. Virgin Islands. If this grant is awarded to TNC and if RESTORE funding is awarded for the Florida Keys and Dry Tortugas effort TNC tentatively plans to request that NOAA modify the Coastal and Marine Habitat Restoration Project award to focus its funding on the Florida mainland and U.S. Virgin Islands efforts.  
 
	Technical Feasibility Describe the technologies involved and any relevant past experience or proven success with similar: Technologies Involved.  The project's restoration and recovery approach is to take small fragments of live tissue from healthy coral colonies of known genetic stock, grow them out in undersea nurseries over time to create multiple colonies of each genetic type, and then outplant genetically distinct individuals in proximity to one another so they spawn and help reseed surrounding reefs up to a kilometer away.  Each outplanting site also directly enhances live coral cover, three dimensional structure, fisheries habitat and tourism value. 
See a depiction of the steps of this approach in the Appendix.
Proven Success.  This project has already been through an extensive `feasibility study' period beginning in 2004.  In addition, the expertise and knowledge gained to date has been formalized into a practitioner's guide to Acropora restoration (Johnson et al., 2011) that provides science-based guidelines for the activities to be undertaken as part of this expansion.  Under ARRA funding, nursery operations were significantly scaled up to provide a base for future outplanting.  At the end of that funding in 2012, the first large-scale outplanting event took place with just under 6,000 corals outplanted at 40 sites.  Our vision for the future of the project is to maintain the nurseries at their current sizes and focus on moving more corals out to the reef through strategic outplanting.
This project was born from a high school 4-H project in Key Largo, Florida and has become a large, production-level coral propagation and outplanting effort that covers the Florida Reef Tract from Broward County to the Dry Tortugas, and St. Thomas and St. Croix in the U.S. Virgin Islands.  In 2000, twenty staghorn coral (Acropora cervicornis) larvae representing 3 genotypes settled and grew on an underwater live rock farm leased and operated by Ken Nedimyer.  He and his daughter began to propagate the coral in a prototype coral nursery and later approached The Nature Conservancy (TNC) and Florida Keys National Marine Sanctuary about using the coral for restoration purposes.  TNC became involved in 2004 and this partnership project has grown over the past 9 years from a single nursery with 200 coral fragments to a full-scale restoration effort that includes 16 nurseries and 80 outplant sites.  
The first nursery was established in 2004 as part of a partnership between Coral Restoration Foundation (CRF) and The Nature Conservancy and funded by the TNC-NOAA Community-Based Restoration Program using corals that had settled on Ken Nedimyer's live rock farm in the Upper Keys and had been propagated on a small scale.  Coral fragments from those original corals and others that were collected from Upper Keys reefs were established in a seafloor nursery, grown out for a year, and fragmented to create material for outplanting.  The first outplanting included four sites ranging from inshore to offshore in the Upper Keys. 
In August 2006, the same funding source enabled the project to expand in the Upper Keys and to be replicated in the Lower Keys, Biscayne National Park, and off Broward County.  Each nursery was managed by a new partner; Mote Marine Laboratory, University of Miami, and Nova Southeastern University, respectively.  The same methods were used to collect material from wild colonies, grow them out in the nursery for a year, and then strategically outplant fragmented material to reefs in each region.  
When the American Recovery and Reinvestment Act (ARRA) was passed in 2009 and money became available for large-scale, shovel-ready restoration projects through NOAA, this project was ready to move from experimental to production level.  This funding allowed expansion within the already existing sites, and new partners were added in the Middle Keys (Florida Fish and Wildlife Conservation Commission), Dry Tortugas National Park (TNC  - Florida Keys), and St. Thomas and St. Croix in the U.S. Virgin Islands (TNC  - USVI).  The nurseries expanded their inventory of genotypes and spent the first two years of the project growing out and propagating the corals to increase stock within the nurseries.
As this project has expanded, new methods have been developed to make the process more efficient and cost-effective.  At the beginning of the project, all corals were mounted to concrete structures secured to the bottom (block nurseries).  These nurseries are cheap, the materials are readily available, and the corals grew similar to the way they do in the wild; however, the blocks can easily be buried or sand-blasted during a storm, the corals are easily accessible to predators, and all the concrete around the corals provided too much surface area for algae so the blocks required regular cleaning.  The next form of nursery that developed was the line nursery, which consists of horizontal lines strung between two vertical lines that hang in the water column.  Corals grew much faster in the water column because they could extend in all directions and the lines need much less cleaning because of the minimal surface area between corals.  Some nurseries experienced outbreaks of hydroids on the lines because the hydroids are carried by currents in the water column.  The most recently-developed nursery design is the tree nursery, which consists of a vertical PVC pipe (the “trunk”) with small fiberglass rods (the “branches”) passing through it at right angles.  Corals are hung using wire from the rods and each tree can hold about 100 medium-sized corals.  This design has all the benefits of a line nursery but has a smaller footprint, so it makes use of vertical space rather than horizontal space.  This became important as the nurseries expanded.  Most nurseries now contain some combination of block, line and tree structures. 
In 2012, just under 6,000 colonies were outplanted to 46 individual restoration sites.  Immediately following outplanting, the nurseries housed over 30,000 corals, many of which are large enough to create multiple outplant-sized fragments.  
Monitoring at the outplant sites at one and three months following outplanting has shown good success to date.  The outplanted corals have begun to grow over the nails and/or epoxy and secure themselves to the reef and that they are growing and branching quickly. Over 70% survivorship has been achieved at all sites, with many sites showing much higher survival rates.  This success is despite the fact that two storm systems - Tropical Storm Isaac and Hurricane Sandy - caused damage at specific sites, and short-lived coral disease outbreaks followed both systems.  
Additional funding in the amount of $170,000 from the TNC-NOAA Community-Based Restoration Program, matched 1:1:1 by TNC and project partners, was secured in 2012 and will cover work from January 2013 through December 2014.  A total of 8,000 additional corals will be outplanted using this funding.
	Environmental Benefits Describe the nature magnitude and timing of any environmental benefits attributable to the: Staghorn and elkhorn corals were historically major reef-building coral species found in the waters off Florida and throughout the Caribbean (Jackson, 1992).  As recently as the 1980's, these fast-growing corals formed dense three-dimensional thickets at intermediate (5-20m) depths, contributing significantly to reef growth, island formation, and coastal protection, and providing essential habitat for fishes including many commercially and recreationally important species (Bruckner, 2002; Shinn, 1966).  
Due to the 97% decline of these two species, the diversity and structural complexity of shallow water reefs throughout the Caribbean and Florida have been greatly reduced.  Fleshy macroalgae has occupied much of the space formerly occupied by live coral, inhibiting successful sexual and asexual reproduction.  Similarly, increased cover of turf algae and sediment also inhibits successful coral larvae settlement.  Combined, the ability of reefs to cope and recover from ongoing disturbances (e.g. diseases, bleaching events, ship groundings and hurricanes) is significantly reduced.
Despite the negative population trends, according to NOAA's National Marine Fisheries Service the current geographical area occupied by Acroporid corals has remained unchanged from its historical range.  `Geographical areas occupied,' as defined in the context of `critical habitat,' is interpreted to mean the current range of the species and not every discrete location on which individuals of the species physically are located (45 FR 13011; February 27, 1980).  In general, Acroporid corals have the same distribution, with few exceptions, and remain widely distributed throughout the Caribbean (50 CFR Parts 223 and 226, 2008).
These species rely heavily upon asexual reproduction via fragmentation and have shown very little success of sexual recruitment due to low population numbers (Vargas-Angel et al. 2003). By increasing population numbers through restoration of genetically diverse transplanted fragments, the likelihood of successful cross-fertilization between these corals is increased. This will help Acroporid corals overcome the Allee effect (Allee, 1931) (where reproduction and survival of individuals decrease in smaller populations) and increase recruitment rates. This project will have significant and tangible ecological impacts through an increase in local biodiversity and the recovery of essential fish habitat.  Acroporids, when abundant, have provided the bulk of reef accretion and topographic complexity to shallow reefs in the Caribbean and western Atlantic.  Thus, the recovery of these “foundation” species through active restoration will contribute directly to recovering and supporting the essential ecological and economic services that reefs provide.
Restoration of injured or degraded coral reefs was identified as an important strategy in the National Coral Reef Action Strategy, written as a report to Congress about the implementation of the Coral Reef Conservation Act.  Objectives under this strategy include developing and testing innovative methods to expedite reef restoration, promote cost-effective restoration projects, and transfer proven restoration tools, techniques, and lessons learned to domestic and international partners.  The outplanting event completed in 2012 under American Recovery and Reinvestment Act funding was the largest coral restoration project installed in the region to date.  This work is a strong contributor to the overall habitat restoration component of the National Coral Reef Action Strategy.
Acroporid reefs provide essential habitat for fishes including many commercially and recreationally important species (Bruckner, 2002; Shinn, 1966).  Juvenile reef fish, schooling bait fish, large herbivores and predatory reef fish, and invertebrates are associated with staghorn and elkhorn thickets on reefs (Lirman, 1999).  Reef fish abundance, species richness and species composition respond rapidly to habitat changes resulting from restoration activities using Acropora (Cabaitan et al. 2008).  Topography and coral cover were shown to have an effect on fish abundance and diversity on Acroporid reefs in Florida and the USVI (Lirman, 1999; Lemoine et al., 2012).  In this same study, schools of mainly grunts and snappers were found almost exclusively around standing live or dead Acropora palmata colonies. Recent work by Coker (2012) suggests that levels of live coral cover have a stronger influence on abundance and diversity of fish than the complexity of the reef.
Based on a review by Bruckner (2002) in the Proceedings of the Caribbean Acropora Workshop: Potential Application of the U.S. Endangered Species Act as a Conservation Strategy (Proceedings): “The structural and ecological roles of Acroporid corals in the Caribbean are unique and cannot be filled by other coral species. Their rapid accretion rates and structural complexity are unmatched.  The loss of these characteristics will likely result in a significant loss of reef function and structure.  At present, there is no indication that any other Caribbean coral species can replace the important role that Acroporid corals play within reef communities of the region.”  Therefore, in addition to restoring two federally threatened species, this project has a direct habitat nexus to fishery species, including the entire snapper grouper complex and spiny lobster, which are important components of the Florida reef system and the state's commercial and recreational fisheries.
	Economic and Social Benefits Describe the economic and social benefits including those related to the projects improved: Coral reefs and associated habitats provide fishery and nature tourism resources that represent a critical source of food and livelihoods for people.  Monroe County residents and businesses received just under $200 million from the Gulf Coast Claims Facility on more than 11,000 claims following the DeepWater Horizon disaster.  The Florida Keys National Marine Sanctuaries Socioeconomics Fact Sheet reports that: 
1) More than 33,000 jobs in the Florida Keys are supported by ocean recreation and tourism, accounting for 58 percent of the local economy and $2.3 billion in annual sales.  
2) From 2007 to 2008, more than 400,000 visitors and residents of the Florida Keys engaged in over 2 million person-days of recreational sports fishing.  These recreational fishers spent $262 million in Monroe County/Florida Keys, approximately $103 million of which was directly spent on fishing items.
3) Approximately 739,000 visitors and residents participated in 2.8 million days of diving in the Florida Keys between 2007 and 2008; $51.7 million was spent at diving/snorkeling operations. Moreover, divers spent a total of $450 million in Monroe County, Florida Keys, supporting more than 7,500 jobs.
4) In 1995, it was estimated that fishermen received $56.5 million in harvest revenue which generated $92.2 million in sales/output in Monroe County, or about 4.5% of the total economy in 1995. This sales/output generated over $58 million in income and 4,130 jobs, 8.8% of all Monroe County employment.
In Monroe County, the commercial fleet supports approximately 1200 families, which is close to 5% of the county's population.  In 2006, Monroe County was ranked the 5th most valuable port in the nation with a dockside of approximately $54.4 million, excluding retail sales of profits made by wholesalers who marketed seafood products worldwide.  Therefore, it is reasonable to predict that seafood and related industries earned upwards of $70 million (Florida Keys Commercial Fishermen's Association). 
Along with these tangible commodities provided by coral reefs, the intrinsic beauty of healthy reef communities is an important factor in the quality of life and recreational satisfaction of Keys residents and visitors.  Restoration of these critical reef-building corals will provide added recreational and commercial benefits to Monroe County and the State of Florida through enhanced fishing, diving and snorkeling opportunities.
 
	Community Resilience Describe if the project assists Floridas ability to anticipate withstand or recover from hazards or: Healthy coral reefs have rough surfaces and structures that help dissipate the force of waves that would otherwise break on the shoreline (http://www.noaa.gov/features/protecting_1208/coastlines.html).  Up to 90% of the energy from wind-generated waves is absorbed by reefs.  Every meter of reef protects an estimated $47,000 of property value in the US (The H. John Heinz III Center for Science Economics and the Environment, 2000).  In Florida, the absence of reefs would cause parts of the state to be eroded. Therefore, the health of Florida's reefs is directly related to the State's ability to withstand the wave energy of hurricanes and other wave-generating events.  
 
	Conflicts or Complements to Existing Efforts Describe any ongoing activities in the project implementation area if the: It is widely recognized that active restoration must be paired with large-scale management efforts aimed at protecting coral reefs region-wide.  The need to link active restoration with other available management tools such as Marine Protected Areas has been recently highlighted in the review conducted by Young et al. (2012) where restoration practitioners gave the highest likelihood of success to reef restoration efforts conducted in areas that were under concurrent protection from human activities.  Consequently, the efforts outlined here are nested within a larger coastal threat-abatement framework in Monroe County.  Ongoing threat abatement strategies are implemented under the Florida Keys National Marine Sanctuary (FKNMS) and Dry Tortugas National Park management plans as well as the Monroe County Comprehensive Plan, Keys municipalities' comprehensive plans and the Monroe County Sanitary Wastewater Master Plan. 
The FKNMS is currently undergoing a regulatory review process, during which the Sanctuary will review existing regulations to determine whether they have provided the necessary protections, and propose new regulations where existing ones have been inadequate.  Monroe County is currently updating its comprehensive plan and taking steps to improve already strong environmental protections for nearshore waters that impact coral reefs.  The State of Florida recently committed $50 million towards wastewater treatment infrastructure in the Keys.  This funding catalyzes Monroe County's commitment of local sales tax funds and assessments of individual property owners that will result in removal of inadequate septic tanks and cesspits that leak pollution into the Keys' nearshore waters.  These updated wastewater systems should be complete by the end of 2015.  Wastewater system completion and other requirements are required by state law due to Monroe County and Key West's designations as Areas of Critical State Concern.  
	Complies with Federal State Local and Tribal LawsRegulations Describe any concerns or potential conflicts: There are no known or expected conflicts.  Permitting review by the Florida Fish and Wildlife Conservation Commission includes a review by the Florida Department of Environmental Protection for any potential conflicts of interest with permitted or upcoming coastal construction projects.
 
	Readiness for Implementation Describe if the project has had any design or permitting work started or completed: All permits are either in hand or are expected to be in hand by March 2013.  Permitting requirements will change if the corals are uplisted to endangered in the next year, but we are currently working with NOAA's National Marine Fisheries Service and the other Federal and State permitting agencies to ensure as smooth a transition as possible.
 
See table 2 in the Appendix for a list of permits. 
 
	Public Acceptance Describe any known or potential public approval or opposition to the project: This project has the approval of local, state, and Federal reef management agencies, including the Florida Department of Environmental Protection's Coral Reef Conservation Program, Florida Fish and Wildlife Conservation Commission, NOAA, the National Marine Fisheries Service, the National Park Service, and FKNMS.   We have also received support letters from the Florida Keys Commercial Fisherman's Association for this project under other recent funding proposals.
 
	Additional Information you wish to provide Please include any maps designs drawings photos or background: Allee WC (1931) Animal Aggregations: A Study in General Sociology. University of Chicago Press, Chicago.
Bruckner AW (2002) Proceedings of the Caribbean Acropora Workshop: Potential Application of the U.S. Endangered Species Act as a Conservation Strategy. NOAA Technical Memorandum NMFS-OPR-24, Silver Spring, MD 199pp.
Cabaitan PC, Gomez ED, Aliño PM (2008) Effects of coral transplantation and giant clam restocking on the structure of fish communities on degraded patch reefs.  Journal of Experimental Marine Biology and Ecology 357: 85-98
Coker DJ, Graham NAJ, Pratchett MS (2012) Interactive effects of live coral and structural complexity on the recruitment of reef fishes. Coral Reefs 31: 919-927
Jackson JBC (1992) Pleistocene perspectives on coral reef community structure. American Zoology 32:719-731 
Johnson ME, Lustic CE, Bartels E, Baums IB, Gilliam DS, Larson L, Lirman D, Miller MW, Nedimyer K, Schopmeyer S (2011) Caribbean Acropora Restoration Guide: Best Practices for Propagation and Population Enhancement.  The Nature Conservancy, Arlington, VA. 
Lemoine NP and Valentine JF (2012) Structurally complex habitats provided by Acropora palmata alter ecosystem processes on a patch reef in the Florida Keys National Marine Sanctuary. Coral Reefs 31(3):779-786
Lirman D (1999) Reef fish communities associated with coral Acropora palmata: relationships to benthic attributes.  Bulletin of Marine Science. 65: 235-252
Shinn EA (1966) Coral growth-rate: an environmental indicator. Journal of Paleontology. 40: 233-240
The H. John Heinz III Center for Science Economics and the Environment, The Hidden Costs of Coastal Hazards: Implications for Risk Assessment and Mitigation, Island Press, 2000, Washington, DC
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