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Form Purpose and Instructions: 
• 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.

• 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.

• If you have multiple projects – please submit one Form for each project.
• When you have completed the form hit the submit button in the upper right hand corner. Once

your Form is successfully submitted, you will receive a confirmation email from the Florida
Department of Environmental Protection.

• Submit all back-up maps, information, etc. to Restoration.Projects@dep.state.fl.us
• To submit updated information, please fill out this form and update fields as needed
• * Indicates required fields

New Project Update to Previous Submittal   Project # 

*Project Name

Contact Information 

* Full Name Phone Number 

* Email Organization Name 

Additional name(s), phone number(s), email address(s), and organization name(s) and/or project 
partners 

mailto:Restoration.Projects@dep.state.fl.us


*Project Location
Include a map, if possible, and the city, county, longitude/latitude decimal degrees if known, 
and parcel # if applicable. 

*Watershed(s)
Select all that apply. A map of corresponding Florida watersheds is provided to assist in
accurate placement of the project. If the project pertains to off shore or open ocean efforts,
select Open Ocean. Florida Watersheds Map

*Project Description
Describe all aspects of the project.

All FL Coastal Watersheds 

All FL Gulf Coast Watersheds 

All FL Watersheds 

Apalachicola-Chipola 

Caloosahatchee 

Charlotte Harbor 

Choctawhatchee-St. Andrew 

Everglades 

Everglades West Coast 

Fisheating Creek 

Florida Keys 

Indian River Lagoon 

Kissimmee River 

Lake Okeechobee 

Lake Worth Lagoon-Palm 
Beach Coast 

Lower St. Johns 

Middle St. Johns 

Nassau-St. Marys 

Ochlockonee-St. Marks 

Ocklawaha 

Open Ocean

Pensacola 

Perdido 

Sarasota Bay-Peace-Myakka 

Southeast Coast-Biscayne Bay 

Springs Coast 

St. Lucie-Loxahatchee 

Suwannee

Tampa Bay 

Tampa Bay Tributaries 

Upper East Coast 

Upper St. Johns 

Withlacoochee 

http://www.dep.state.fl.us/deepwaterhorizon/files2/projects/Florida_watersheds.pdf


$ 

*Project Category
Although projects may identify under multiple categories, please place your project in the best fit 
category. A document of category definitions and examples is provided. Category Definitions

*Estimated Project Costs
Describe the estimated costs of the project, including any assumptions for contingency
and 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.

*Total Estimated Project Cost

*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]. Put NA if not applicable.

Technical Feasibility 
Describe the technologies involved and any relevant past experience or proven success with similar projects.

http://www.dep.state.fl.us/deepwaterhorizon/files2/projects/Category_definitions.pdf


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. 

Complies with Federal, State, Local, and Tribal Laws/Regulations 
Describe any concerns or potential conflicts. 

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. 

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]. 



Economic and Social Benefits 
Describe the economic and social benefits including those related to the project’s improved ecosystem services 
and any estimates on jobs created or preserved. 

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]. 

Public Acceptance 
Describe any known or potential public approval or opposition to the project. 

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. If these are too large to 
attach here, please email them to Restoration.Projects@dep.state.fl.us. 

mailto:Restoration.Projects@dep.state.fl.us


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: 

Construction 

Contracts 
Administration & Mobilization/Demobilization 
Other 

Construction Subtotal: 

Monitoring 

Contracts 
Data Collection 
Monitoring Administration 
Other 

Monitoring Subtotal: 

Project Cost 

Contracts 
Subtotal: 

Contingency (traditionally calculated at 10% of the subtotal) 
 TOTAL: 

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: 

 



 

 

 



 

 

 



 

Project Description 

Table 1. Nursery inventories as of June 2014. 

Region Manager # of genotypes # of colonies 

Upper Keys - 

Tavernier 

Coral Restoration Foundation 167 30,000 

Upper Keys 

– Elbow 

Coral Restoration Foundation 23 2,000 

Upper Keys 

– Carysfort 

Coral Restoration Foundation 45 2,500 

Middle Keys 

- Marathon 

Florida Fish and Wildlife Conservation 

Commission 

31 1,305 

Middle Keys 

– Long Key 

Florida Fish and Wildlife Conservation 

Commission 

20 1,175 

Lower Keys 

in-water 

Mote Marine Lab 85 10,000 

Lower Keys 

land-based 

Mote Marine Lab N/A 20,000 

Key West – 

Sand Key 

Mote Marine Lab Just permitted Just permitted 

Key West Coral Restoration Foundation 20 1,500 

Dry Tortugas TNC – Florida Keys Office 15 950 

 

 

Technical Feasibility 

 

Acropora coral restoration. The project's primary 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.  Each outplanting site directly enhances live coral cover, three 

dimensional structure, fisheries habitat and tourism value.   



 

Figure 1.  Theory of change behind restoration work: by outplanting genotypically diverse colonies, we increase the 

likelihood of successful sexual reproduction and aid in the re-seeding of surrounding reefs. 

 

Figure 2. Example of successful outplanting in the Lower Keys region. 

 

 



Boulder coral restoration.  The goals of the boulder coral restoration are the same but the 

techniques are a little different.  The stock for propagation is already housed in Mote’s nurseries 

and new colonies are created both by asexual reproduction or fragmentation, and by settling out 

sexual recruits that are collected during the spawning season.  A set of microfragmented colonies 

of the same genetic type are then placed close enough together to fuse back into a larger 

fragment that is then outplanted to dead coral heads. 

 

 
Figure 3. Boulder coral recovery and restoration approach. 

 

 

Figure 4. When two microfragments from the same broodstock colony come into contact, they merge together to more 

quickly resheet the colony. 

 



 

Figure 5. Depicted is the process of securing a coral array to a dead skeleton.  Each site was cleaned and marked 

according to a 30cm template; fragments were then secured using epoxy and photographed to track growth and survival. 

 

Readiness for Implementation 

Table 2. List of permits. 
Permitting Agency Type of permit or 

approval 

Applicant Permit/Tracking 

# 

Issuance 

Date 

Expiration 

Date 

National Marine 

Fisheries Service 

Biological Opinion Tom Moore, NOAA 

Restoration Center 

F/SER/2011/05414 9/14/2011 N/A 

Florida Keys 

National Marine 

Sanctuary 

Permit to Further 

Natural Resource 

Value 

Erich Bartels FKNMS-2015-163 2/5/2016 2/4/2021 

Florida Keys 

National Marine 

Sanctuary 

Permit to Further 

Natural Resource 

Value 

Dave Vauhgan FKMNS-2016-121   

State of Florida 

Aquaculture 

Certificate 

 Dave Vauhgan Aq 0654019   

Florida Keys 

National Marine 

Sanctuary 

Permit to Further 

Natural Resource 

Value 

Kerry Maxwell FKNMS-2015-129 2/5/2016 2/4/2021 

Florida Keys 

National Marine 

Sanctuary 

Research Permit  Kerry Maxwell FKNMS-2015-

127-A1 

2/10/2016 10/18/2017 

Florida Keys 

National Marine 

Sanctuary 

Permit to Further 

Natural Resource 

Value 

Ken Nedimyer FKNMS-2011-

159-A4 

4/4/2016 12/31/2018 

Florida Fish and 

Wildlife 

Conservation 

Commission 

Special Activity 

License 

Erich Bartels SAL-16-1724-

SCRP 

02/05/2016 02/04/2017 

Florida Fish and 

Wildlife 

Conservation 

Commission 

Special Activity 

License 

Ken Nedimyer SAL-16-1725-

SCRP 

3/11/2016 1/31/2017 

Dry Tortugas 

National Park 

Scientific Research 

and Collecting 

Permit 

Caitlin Lustic DRTO-2016-SCI-

0013 

12/16/2016 12/16/2017 
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	Project: 24
	Project Name: Restoring Threatened Corals to Enhance Reef Functions, Fisheries Habitat and Tourism Opportunities in the Florida Keys and Dry Tortugas
	Full Name: Caitlin Lustic
	Phone Number: 305-872-7071
	Email: clustic@tnc.org
	Organization Name: The Nature Conservancy
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	Description: The proposed project focuses on the restoration of staghorn (Acropora cervicornis), elkhorn (Acropora palmata) coral, and mountainous star coral (Orbicella faveolata), all of which are listed as threatened under the Endangered Species Act (ESA). Coral habitats in the Keys have been in decline since the 1970s, due to multiple stressors including coral bleaching, disease outbreaks, hurricanes, and cold snaps.  Prior to Caribbean-wide coral decline, many reef areas displayed a zonation pattern dominated by three hard coral species: elkhorn (Acropora palmata), staghorn (Acropora cervicornis), and massive star corals of the genus Montastrea (now Monstastrea and Orbicella) (Jackson, 1992).  These corals provided the framework that is important to other reef-dependent species, including many fish species.

The Florida Keys Coral Reef Evaluation and Monitoring Project (CREMP), started in 1995, has recorded a decline in both species richness and coral cover, and no significant recruitment of juvenile corals since 1996 (Ruzicka et al., 2010).  Populations of elkhorn and staghorn coral underwent a region-wide decline starting in the 1980s, with losses of up to 97% in some areas, due mainly to increased prevalence of bleaching and disease.  A more recent decline in the massive star corals have also led to a decline in live coral cover in the Florida Keys (Ruzicka, 2010).  
The loss of reproductively active coral colonies, increased distance between these colonies and low rates of juvenile coral colonies surviving to sexual maturity have combined to create a situation in which it is unlikely that corals in the Florida Keys will repopulate the reefs naturally.  This contributes to decreased resilience of our reef system and depresses natural restorative processes.  Habitat protection and threat abatement may not be enough to stop the decline of reefs and active restoration of coral populations has become a feasible and cost-effective way to reestablish live corals to reefs.

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, promoting cost-effective restoration projects, and transferring proven restoration tools, techniques, and lessons learned to domestic and international partners.  This project is a strong contributor to the overall habitat restoration component of the National Coral Reef Action Strategy.  Additionally, the Recovery Plan for staghorn and elkhorn corals identifies restoration as one of many Recovery Actions that could lead to the eventual de-listing of the species.  Although a Recovery Plan does not yet exist for the massive star corals, NOAA is supportive of this work as a means to help recover degraded populations.

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. A minimum of 250,000 corals will be outplanted to reefs throughout Monroe County, and nursery stocks will be maintained to supply future outplanting efforts.  This project is easily scalable depending on the amount of funding available.

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.  Throughout the life of the project, existing nurseries will be maintained.  Regular 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.  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 to 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 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).  Monitoring at the outplant sites will include assessments of survivorship and condition including predation, disease, and bleaching of at least a subset of the outplants.  Maintenance at the outplant sites may 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).  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.  Hunt and Sharp (2014) prioritized research projects that were identified by restoration practitioners and coral scientists as important to advancing restoration science.  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, growth and associated ecosystem services. 

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 three species we plan to outplant, nursery managers have begun working with additional Atlantic coral species, particularly others that were recently listed 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 if money becomes available through the Restore Act; because the science is evolving so quickly, we cannot identify exact projects at this time.  

Project Monitoring
Outplant Monitoring: A subset of outplanted corals will be mapped to help track which genotypes were outplanted to each reef site and to facilitate monitoring. Monitoring of outplant sites will be conducted in accordance with permit requirements.
	Check Box37: Off
	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 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. Upper Keys: Florida Keys National Marine Sanctuary (FKNMS) waters off Key Largo near Elbow Reef, Monroe County, FL 33037. Lat/Long 25° 8.718' N -80° 15.875' W. Florida Keys watershed.
3. Upper Keys: Florida Keys National Marine Sanctuary (FKNMS) waters off North Key Largo near Carysfort Reef, Monroe County, FL 33037. Lat/Long 25° 14.102' N -80° 12.842' W
4. Middle Keys: FKNMS waters off Marathon, Monroe County, FL 33050. Lat/Long 24° 40.068' N -81 01.548' W. Florida Keys watershed.
5. Middle Keys: FKNMS waters off Long Key, Monroe County, FL 33001 24° 44.8080' N  -80° 47.0580' W. Florida Keys watershed.
6. 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.
7. Key West: FKNMS waters off Key West near Sand Key reef, Monroe County, FL 33040.  Lat/Long 24° 27.469' N -81° 53.157' W. Florida Keys watershed.
8. Key West: FKNMS waters off Key West, Monroe County, FL 33040. Lat/Long 24° 28.748' N -81° 46.555' W. Florida Keys watershed.
9. 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.

An additional land-based nursery is located at Mote Marine Laboratory on Summerland Key, Monroe County, FL, 33042.

See the Appendix for maps of the nursery and outplant sites in each region.
	fill_2: 11.712
	List Box36: [Habitat Restoration]
	Cost: The project cost for six years will be $11.712 million for a total of 256,200 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 1,200 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 15,000 corals per year (12,000 staghorn and 3,000 elkhorn) for a total of $6 million for 90,000 corals.

2) Florida Fish and Wildlife Conservation Commission will receive $100,000 per year to outplant a minimum of 1,500 corals in addition to designing and implementing applied science projects, for a total of $600,000 and 9,000 corals.

3) Mote Marine Laboratory will receive $766,000 per year to outplant a minimum of 12,500 staghorn and 12,500 boulder corals per year, for a total of $4.5 million for 150,000 corals.

TNC is in the process of securing Monroe County Restore Act funds in the amount of $550,000.  This funding will be distributed between three partners: Coral Restoration Foundation for offshore nursery maintenance and outplanting, Florida Fish and Wildlife Conservation Commission for offshore nursery maintenance, outplanting, and some value-added research, and Mote Marine Laboratory for both offshore nursery maintenance and outplanting and land-based nursery maintenance and outplanting.  TNC has committed $40,000 in cash match and the partners have committed $200,000 in in-kind match.  This funding will pay for restoration of staghorn, elkhorn, and some boulder corals.
	Funding: The project will be funded through the Monroe County Restore Act "Local Pot" in an amount of $550,000 in grant money, $40,000 in cash match, and over $200,000 in in-kind match.
	Laws/Regulations: All necessary permits have been obtained or will be obtained prior to any work being completed.  We are aware that other restrictions and requirements may apply for this funding and are prepared to work through those if funding is awarded to this project.  The Nature Conservancy and the other project partners successfully complied with all regulations associated with a American Recovery and Reinvestment Act-funded project of similar size and scope between 2009 and 2012. 
	Environmental Benefits: Live coral provides the three dimensional structure associated with reefs; without live tissue producing new limestone, the reef framework erodes away over time.  The diversity and structural complexity of shallow water reefs have been greatly reduced and fleshy macroalgae now occupies much of the space formerly occupied by live coral.  Increased cover of algae and sediment inhibits successful coral larvae settlement.  Combined, the ability of Florida's reefs to cope with and recover from ongoing disturbances (e.g. diseases, bleaching events, ship groundings, hurricanes, water pollution events) is significantly reduced.  By outplanting live corals to the reefs, we can increase coral cover and diversity, and restore structure that is important for other species that make their home on the reef.

Living 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).  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.” 

The benefits of increased coral cover and diversity, and structural complexity will be realized as soon as corals are restored to the reef.  Past outplanting of both Acroporid corals and boulder coral species have had high survival rates within the first year (>75%).  

Over time, the corals will continue to grow and contribute to the spawning population which should help reseed reefs throughout the Florida Keys.  Each outplant site has a direct restoration area of at least 100 square meters.  The dispersal range of coral larvae resulting from sexual reproduction of the restored corals is conservatively 1 kilometer, creating a potential long-term restoration area of 74 hectares per site.  The benefits of increased coral cover and habitat structure will continue well past the life of this project funding, both at the direct outplant sites and regionally.
	Conflicts or Complements: 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 Florida.  Ongoing threat abatement strategies are implemented under the FKNMS and DTNP management plans. 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.  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.

This coral restoration 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.  

Fury Watersports in Key West has recently recognized the importance of our work for the enjoyment of locals and tourists alike and has voluntarily implemented a program through which $.50 per snorkeling customer is donated to Mote Marine Lab's coral restoration program.
	Implementation: All permits are currently in hand, and the nurseries are stocked and ready to provide material for outplanting.  
 
See table 2 in the Appendix for a list of permits.
	Economic/Social: 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.
 
The aesthetic changes on the reef will be realized immediately.  Divers and snorkelers love to visit reefs that have been restored, both because they have more live coral and because they are an example of how people can make a positive difference in the future of reefs.  Even small corals can look impressive if they are outplanted densely.
 
Over time, these corals will continue to grow on the reef  - within 3-5 years even the smallest Acropora outplants will be basketball-sized and Montastrea outplants will be well on their way to reskinning dead coral heads.  These corals are even more impressive to divers and are almost indistinguishable from natural colonies.  They also will be providing important nursery habitat for small fish and helping to contribute to a healthy reef fish population.
 
The Socioeconomic Research and Monitoring Program for FKNMS tracks natural resource user satisfaction over time based on natural resource attributes, facilities, and services.  The primary goal of the socioeconomic research and monitoring is to detect and document resultant changes in Sanctuary resource utilization patterns and their impact on market and nonmarket economic values of Sanctuary resources.  Baseline measurements for the Recreation and Tourism portion of this monitoring effort were obtained in a 1995-1996 study entitled “Linking the Economy and Environment of the Florida Keys/Florida Bay” (Leeworthy et al.).   Follow-up surveys were completed in 2000-2001 and 2007-2008.  Continued follow-up monitoring should identify changes in resident and visitor satisfaction over time.
	Community Resilience: 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.  
	Public Acceptance: 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.
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	Contracts: 
	Feasibility: Acropora Nurseries

The project's primary 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.  Each outplanting site directly enhances live coral cover, three dimensional structure, fisheries habitat and tourism value. 
 
This project has 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.
Over the past 15 years, this program has scaled up from one nursery with a few hundred corals to 9 nurseries with about 50,000 corals in the Keys alone.  A significant investment was made in 2009 by the National Oceanic and Atmospheric Administration (NOAA) through the American Recovery and Reinvestment Act (ARRA) to scale the nurseries to production-level and get them ready for large-scale outplanting efforts.  Funding through the RESTORE Act would allow this program to realize its outplanting potential at a scale that is highly significant for the ecosystem and economy of the Florida Keys.

Proven Success.  This project was born from a high school 4-H project in Key Largo, Florida.  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 (FKNMS) about using the coral for restoration purposes.  

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 and it met with good success. 
In August 2006, the same funding source enabled the project to be replicated in the Lower Keys, Biscayne National Park, and off Broward County.  Each nursery and outplanting effort 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 nurseries for a year, and then strategically outplant corals to reefs in each region.  

When 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 (with Florida Fish and Wildlife Conservation Commission's Fish and Wildlife Research Institute's Florida Keys Lab), and St. Thomas and St. Croix in the U.S. Virgin Islands (TNC  - USVI Program).  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.

In conjunction with the ARRA funding, The Nature Conservancy entered into a cooperative agreement and received funding from the National Park Service to start a nursery in Dry Tortugas National Park.  The nursery was installed and stocked in 2010 and the first outplanting event occurred in April 2012 and the outplants have shown close to 90% survivorship.  Work in the Dry Tortugas, although logistically challenging, is very important to the rest of the Keys because of its downstream location; it is likely that coral spawn and larvae from this location will settle onto Keys reefs.

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 be split into multiple outplant-sized colonies.  

Monitoring at the outplant sites at one and three months following outplanting showed high success rates.  The outplanted corals began to grow over the nails and/or epoxy that initially secured them to the seafloor and attached themselves to the reef within a few months.  Today they are growing and branching quickly.  Over 70% survivorship in the first six months to a year has been achieved at most 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 covered work from January 2013 through December 2014.  A total of 8,000 additional corals were outplanted using this funding.  Additional outplanting has occurred under various funding mechanisms since then, but none that included the full suite of partners proposed here.

Land-Based Microfragmentation

The project's other restoration and recovery approach is to create boulder coral microfragments from existing material in Mote's land-based nurseries and use them to perform coral “reskinning”.  These corals are 1cm by 1cm fragments with the bases cut so that the coral tissue lies flush against a 2.5 cm² ceramic tile in order to maximize growth efficiency.  Corals are maintained in a land-based facility for 6-8 months until they are ready for outplanting, which occurs when corals have completely grown over their ceramic mounts.  Outplanting involves placing multiple microfragments onto a large dead coral head and allowing each fragment to grow independently.  Within a relatively short period of time the fragments grow together and fuse over the entire coral head.  This process occurs much faster than the traditional approach of planting fewer large boulder coral fragments onto the reef. Given growth rates exhibited by fragments in culture, each group of 10 outplanted fragments should completely merge in as little as 2-3 years.  When this occurs each group of fragments will cover roughly 650 cm2, whereas a wild colony originating from a coral larvae would take decades to achieve that size.

Proven success. Mote Marine Laboratory has worked with Orbicella spp producing large fragments for close to 5 years prior to the development of the microfragmenting technique.   Fragment production has increased exponentially through the production of microfragments.  In 2011, the number of large fragments present at the facility was matched by the number of microfragments in less than 6 months.  In 2012, an additional 1,000 microfragments were created during 1 month, and the lab currently holds over 20,000 colonies.  Mote is now able to provide renewable source material for large-scale restoration projects incorporating these increasingly rare stony coral species, something which has not been achieved prior to these efforts. 

In 2010 and 2011, Mote scientists performed outplanting using large land-cultured coral fragments to assess the feasibility of using these corals for restoration purposes.  Four boulder coral species were planted including Orbicella faveolata, Montastrea cavernosa, Stephanocoenia intersepta, and Siderastrea siderea.  In total, 312 fragments were mounted on cinder blocks directly adjacent to inshore and offshore reef environments near Big Pine Key.  Three years after outplanting, nearly 90% of colonies are healthy and growing with survivorship highest in the O. faveolata, M. cavernosa, and S. siderea.  Colonies have displayed substantial growth and resilience to changing conditions during this time, which suggests that land-cultured corals can be used effectively for restoration.

In a proof of concept outplantings, over 3,000 colonies were outplanted. Fragments were secured to dead skeletons of the same species using underwater epoxy.  The sides of each tile were shored up with epoxy so that a gentle gradient was present between the fragment and the substrate, to allow ease of intial growth onto surrogate skeletons.  Acclimation to each site was a success, with all fragment displaying vibrant colors and healthy polyp extension shortly after being planted.  One month later many corals had already begun sheeting out over available substrate adjacent to each fragment. Fragments were also shifting their pigmentation to resemble the variation associated with naturally occurring colonies at each site. To date, over 10,000 of the massive corals have been outplanted, with the latest 5,500 planting in 2016 having over 90% survival in the first few months.
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