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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 


	Project: 
	Project Name: Setting the Foundation and Restoring Oyster Habitat in Florida’s Panhandle
	Full Name: Anne Birch
	Phone Number: 3216103892
	Email: abirch@tnc.org
	Organization Name: The Nature Conservancy
	fill_2: 1500000.00
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	Location: Pensacola Bay, Choctawhatchee Bay, St Andrew Bay, St Joesph Bay and Apalachicola Bay, Florida
	Description: The project is located in five (5) estuaries in Florida’s Panhandle region: Pensacola Bay, Choctawhatchee Bay, St. Andrews Bay, St Joe Bay, and Apalachicola Bay.  TNC has ongoing relationships with restoration practitioners throughout the Panhandle region and will coordinate with and involve stakeholders in each of the bay systems. 

The primary objective is to identify areas that are most suitable for oyster habitat restoration in Florida’s Panhandle estuaries and use the information gained to implement a restoration project in one of the bays.  The work is proposed in two phases over 5 years: 

Phase 1 Products (years 1-3):  
The products will be delivered as they are developed to facilitate and guide restoration more immediately rather than waiting until the end of the project. Oyster habitat restoration projects can benefit from this information and take part in an adaptive restoration approach that informs and provides a feedback loop to the project as it progresses.
 
1. Create an oyster habitat restoration metrics database for the study area bays. The database will aid in the development of the estuary-specific Potential Oyster Restoration Success Maps (PORSM) and Oyster Habitat Suitability Index Models (OHSIM) as described below and in more detail in the Technical Feasibility section. The metrics database will include information such as location, spatial extent, density of live versus dead oysters, height of live oyster shells and date of restoration, etc. 
2. Potential Oyster Restoration Success Mapping and Condition Analysis:  The team will assess existing mapping data on oysters in the Florida Panhandle estuaries compiled for the state’s Oyster Integrated Mapping and Modeling program (OIMMP) managed by Florida Fish and Wildlife Commission (FWC) to determine the extent of additional mapping needed to develop a full picture of the areal extent of oyster habitat in each estuary.  We will conduct new mapping of intertidal oyster habitat, groundtruth selected mapped subtidal reefs, if mapping data is available, and conduct condition analyses (size and live versus dead) of both intertidal and subtidal reefs.  The resulting subtidal data would be assessed in the context of identifying sites with potential for additional surveying with video and sonar.  Intertidal reefs will be spatially mapped using the protocol developed, verified and refined by Dr. Grizzle using high resolution (<1 m) satellite imagery and field verification.   The most cost efficient and effective method for mapping subtidal reefs will be assessed.  Single-beam sonar and towed underwater videography may be a viable option.  Condition analyses (density and size) will be conducted on the subtidal and intertidal reefs in each estuary.  The mapping and condition analyses work can be conducted on a bay by bay systematic approach so that information is released as the data becomes available rather than at the end of the 3 years.  In this way, the state and other partners can immediately apply the data as it becomes available to help information restoration decisions.  
3. Develop and apply integrated coastal and estuarine models to predict variations in ecosystem processes, resources, and stressors (e.g. sea level rise, changing freshwater inputs) and thus influences on the OHSIMs.
4. Facilitate transfer of information and approaches for identifying the most suitable oyster reef restoration locations through creation of an app for inclusion on the Coastal Resilience and Freshwater Network decision support tools (http://coastalresilience.org/ and http://freshwaternetwork.org/, respectively) managed by TNC. This app will host the completed OHSIMs and PORSMs and enable resource managers and restoration practitioners to easily access, examine and better understand how variations in environmental parameters and stressors affect optimal conditions for oyster growth both locally and on a regional scale. 

Phase 2 Product (years 3-5):
1. Design, permit and implement an oyster habitat restoration project in one of the project estuaries (to be determined) using the information gained during Phase 1.

Background
Oysters and oyster reef habitat are an essential element of Florida’s estuaries, providing important services to both people (e.g., providing food, enhancing fisheries habitat and fishing-related economies, filtering water, denitrification, coastal protection) and nature (e.g., food, shelter, and nursery for other species).  Oyster reefs are an important resource that is currently being managed as a Species of Greatest Conservation Need (SGCN), a human food source (fishery) and a natural habitat.  A science-based analysis of the extent of oyster habitat loss revealed an alarming 85% decline globally and similar rates of decline in Florida’s estuaries and included recommendations to Map Reefs to Assess Management Effectiveness and Ensure Sustainable Fisheries in the Gulf of Mexico (Beck et al. 2011). This rate of loss makes oysters the most imperiled marine habitat in the world (Brumbaugh et al. 2010). Florida’s State Wildlife Action Plan (SWAP) describes the condition of bivalve reefs in Florida as in poor condition and declining. The SWAP further recognizes that spatial data is lacking for most of the state’s oyster reefs.  The repercussions of these declines have been felt throughout the state, impacting livelihoods of fishing communities in areas such as Apalachicola, Cedar Key and Pensacola.  Just as importantly, the loss of oyster habitat impacts the ecological health of these estuarine systems.  A study of 8 estuaries in the Gulf of Mexico and 5 along the Atlantic Coast found that the filtration capacity in the estuaries had declined by more than 80% of known historical capacity (zu Ermgassen et al, 2012).  Restoration and management of oyster habitat requires understanding not only the spatial extent but also the density and size of oysters in an estuary.  

It is important to understand the historical extent of oyster reefs to develop overall restoration goals for an estuary and region, but historical extent should not be used as a primary criterion in determining where to restore oysters today.  Given the serious decline in oyster habitat in Florida and across the Gulf and other coastal areas it is prudent, and essential to the recovery of oysters and the suite of ecosystem services they provide, to restore oyster habitat where conditions are suitable today, which may be different than historical areas.  The data may be available to allow assessment of suitable areas but compilation of the data into an Oyster Habitat Suitability Index Model (OHSIM) has not been done for most of Florida’s estuaries, and only one known suitability model has been done in FL and that was for CH.  An OHSIM tailored to an estuary is a tool that can effectively direct project site selection to the most suitable areas for oyster habitat restoration in that estuary.  These gaps in information - mapping and OHSIMs - are not unique to Florida; lack of spatial data and condition analysis of oyster reefs (size and density) and use of models to identify most suitable locations for oyster restoration is common in most places where oyster habitat was prevalent historically (yet already in decline) and where it occurs today (Beck et al. 2011; zu Ermgassen et al, 2012).  We will use the results of the OHSIM effort in combination with new sampling and mapping to determine particular sites that have the most potential for long-term restoration success, as described above.

Among many indicators for estuarine ecosystems, the oyster has been commonly used as the key indicator for ecological health evaluations in estuaries in the northern Gulf of Mexico (Hayes and Menzel, 1981) and Florida waters (Ingle and Dawson, 1952; Volety et al., 2009). Oysters are also an important commercial fishery and provide important habitat and food for valued recreational fisheries along the Atlantic Ocean and Gulf of Mexico. However, in the past three decades, oyster populations along both coasts have substantially declined due to both natural and human hazards/effects such as hurricanes, drought, poor water quality, overfishing, and in the Gulf of Mexico, effects from the Deepwater Horizon (DWH) oil spill. In Pensacola Bay, oysters substantially declined due to poor water quality in the mid-1980s. After Hurricane Ivan in 2004, oyster production in Florida Panhandle estuaries (Pensacola Bay, Choctawhatchee Bay, St. Andrews Bay, and Apalachicola Bay) substantially decreased in 2005-2007. After the DWH oil spill in 2010, oyster production also declined substantially in Pensacola Bay, and the nearby Choctawhatchee Bay, from 2010-2015. Based on the oyster restoration project data obtained from Florida Department of Agriculture and Consumer Services (FDACS), from 2007-2013 some oyster restoration projects were conducted in Pensacola Bay in 2008 and 2009, which were correlated with the increase of oyster landings until 2010 before the oil spill. 

There is a high level of connectivity between inland processes such as river flows, runoff (water quality), sediment loads, etc. and estuarine conditions downstream that affect oyster reefs near the coast. For example, although some oyster restoration projects were also granted during 2011-2013, the recovery of oyster landings has not improved as of 2015. It is anticipated that oyster reefs in the Pensacola Bay system will decrease with sea level rise and changes in local salinity levels (Lewis et al. 2016). Historical oyster production and restoration projects in the last three decades and restoration activities during 2007-2013 in Pensacola Bay and other Florida estuaries provide a good example for us to investigate how variations in the ecological environment affect oyster populations, and how oyster restoration projects (including shelling) may influence production.  

Due to the importance of oysters to the estuarine ecosystems and the decline of oyster populations, more oyster restoration projects have been funded in Florida Gulf estuaries in recent years. The Charlotte Harbor National Estuary Program and The Nature Conservancy (TNC) developed an estuary-wide oyster habitat restoration plan (Boswell et al, 2012) that includes results from an Oyster Restoration Suitability Model created for the plan. Restoration projects have been initiated and completed based on the plan and more are in the planning phase. 
	Cost: The total estimated project costs are $1.5 million. The projected cost for Phase 1 is approximately $1M and the projected cost for Phase 2 is approximately $500,000.  A detailed budget will be developed to refine this estimate that may reduce or increase the total costs.
	Conflicts or Complements: The project complements many aspects of ongoing oyster reef restoration work throughout the Panhandle and there are no known conflicts with existing efforts.
This project aligns with and helps advance the Funding Priorities (FP) outlined in the Florida Gulf Environmental Benefit Fund Draft Restoration Strategy (GEBF Strategy) developed for the National Fish and Wildlife Foundation Gulf Environmental Benefit Fund (NFWF GEBF) (September 2016), particularly FP #1’s Category: Habitat restoration/protection (reef/living shoreline), and FP #3’s Category: Shellfish – restoration/protection and Shellfish-Sustainable Harvest.  Likewise, the project directly helps to achieve the three goals described in Module 4 of the Deepwater Horizon Oil Spill (DWH) Natural Resource Damage Assessment (NRDA) Strategic Framework (Framework) for Oyster Restoration Activities (June 2017):
Goal 1: Restore oyster abundance and spawning stock to support a regional oyster larvae pool sufficient for healthy recruitment levels to subtidal and nearshore oyster reefs.
Goal 2: Restore resilience to oyster populations that are supported by productive larval source reefs and sufficient substrate in larval sink areas to sustain reefs over time.
Goal 3: Restore a diversity of oyster reef habitats that provide ecological functions for estuarine-dependent fish species, vegetated shoreline and marsh habitat, and nearshore benthic communities.

The Framework’s ultimate goals are centered on restoration of oyster habitat.  The Potential Project Concepts, Implementation Strategies, and Potential Programmatic Damage Assessment and Restoration Plan/Programmatic Environmental Impact Statement (PDARP/PEIS) Techniques outlined in Module 4 of the Framework concentrate primarily on the result, restoration of oyster habitat.  Likewise, the GEBF Strategy is also focused on the product of restoring oyster habitat. DWH settlement funds are directing millions of dollars to restore oyster habitat; the NRDA funds alone are directing $20 million specifically to oyster habitat restoration in Florida and a total of nearly $163 million gulf-wide.  

To achieve the DWH funding goals a solid understanding of the extent and condition of existing reefs (intertidal and subtidal) and a science-based process for identifying areas most suitable for restoration is needed.  Oyster restoration projects cannot be placed on hold until this information is available.  But taking the time now to assemble these pieces of critical information to inform the 15-year span of NRDA funding and other DWH funding sources is essential to getting restoration right. This project’s results will enhance the scientific understanding of the oyster restoration process, which will be very helpful for planning and implementing more effective oyster restoration projects in the future.   
	Laws/Regulations: There are no known concerns or conflicts in regards to compliance to laws/regulations. 
	Implementation: Phase 1 of the project is ready for implementation and does not require any permits.  Phase 2, oyster restoration will require permitting and may require design services, to be informed by the results of Phase 1.
	Environmental Benefits: There are many other oyster restoration projects in other states in the Gulf of Mexico proposed through the DWH sources and other non-oil spill related grants that could benefit from the mapping/condition analysis and habitat suitability model approach proposed in this project. Filling information gaps is fundamental for successful long-term restoration and management of healthy oyster reefs.  Developing baselines of knowledge on the extent, and just as importantly the condition, of existing oyster reef habitat, and using that data in concert with habitat suitability indices to identify appropriate areas and scale of restoration, is essential foundational information needed to help guide wise decision making and appropriate expenditures related to oyster restoration and management of Florida’s Gulf of Mexico oyster resources.

As mentioned previously, over the past century, there has been an estimated 85% global loss of native oyster reef habitats due to habitat degradation, overharvesting, reduced water quality, disease, boat wakes, and other factors (Beck et al. 2011).  In turn, this decline has also resulted in an 80% decline of filtering capacity that oyster reefs provide to our estuaries (zu Ermgassen et al. 2013).  Coupled with these declines is recent research that shows that not only is there decline in the spatial extent of oyster reefs but that the biomass, as a function of density of oyster reefs, has declined by 88% in the United States (zu Ermgassen et al. 2012).  This is important to note for recovery efforts focused on oyster reef habitat and the full suite of ecosystem services they provide.  Success cannot solely be measured by restoration of the spatial extent of habitat but must also measure the increase of oyster biomass as a functional objective for restoration. 
	Economic/Social: Estuarine habitats such as oyster reef and salt marsh were directly impacted by the Deepwater Horizon oil spill throughout the Gulf of Mexico.  In turn, the impacts negatively affected the public use and local economies dependent on healthy habitats and their associated species, such as recreational and commercial fisheries.  This is especially true in Florida and the project area where public use of the waters and natural resources were significantly reduced. 
 
While this project will enhance a suite of fish and wildlife populations and their supporting habitats, these habitat and resource improvements will also provide benefits to the public through (1) enhanced fisheries that can feed the coastal economy, (2) stabilized shorelines which improve water quality, (3) protected private and public properties and important cultural and historical resources, (4) improved coastal community resilience, and (5) improved quality of life with a healthy environment and increase in recreational opportunities. 
 
The project will benefit those locally based firms that will be contracted with and manufacturers who produce American made materials that will be used throughout the project.  The project will benefit the citizens and visitors of the Panhandle region facilitating oyster restoration which, in turn, increases commercial and recreational fishing opportunities, protects natural areas for ecotourism opportunities, and dampens wave energy and decreases land loss. 

The Panhandle is an economically important region in the Gulf of Mexico, especially in terms of supporting the commercial and recreational fisheries and watchable wildlife (tourism) industries. Tourism is Florida's largest industry; in 2015 it accounted for $89.1 billion in spending (VisitFlorida, 2016) with more than 1 million people directly employed in the industry. Species documented using oyster habitat are also economically important and include blue crabs (Callinectes sapidus), red drum (Sciaenops ocellatus), spotted seatrout (Cynoscion nebulosus) and flounder (Paralichthys sp.).  
 
The following statistics are provided to highlight the important role that increased oyster reefs can play in boosting the health and recovery of the Gulf economy especially in Florida.  
• “In 2015, nearly 2.7 million residents of Gulf Coast states (not including Louisiana) participated in marine recreational fishing. All participants, including visitors, took nearly 21 million trips and caught almost 143 million fish. Almost 65 percent of the trips were made in West Florida…” 
• Spotted seatrout, gray snapper, and red drum, species that use oyster habitat, were some of the most caught species (# of fish).
• In 2011, the West Florida region ranked #1 in the Gulf of Mexico for both employment impacts and sales impacts contribution of these activities to the gross domestic product: 47,000 full or part time jobs generated and $2.7 billion in value added impacts from recreational fishing activities. 
• Florida ranked #1 in the US in 2014 and 2015 for the number of out-of-state and coastal county anglers, far out ranking the next highest states.
• In 2011, Florida ranked #1 in the top 10 states (nearly double than the #2 state, Arizona) for wildlife viewing (birds, ocean and land mammals, fish, and other wildlife) with 8.478 million out of state visitors, generating more than 44,000 jobs and trip and equipment expenditures from in- and out-of-state residents totaling more than $2.6 billion. (http://myfwc.com/media/2823051/2011-economics-benefits.pdf) 
	Community Resilience: Both subtidal and intertidal oyster reef can provide additional protection to communities located behind these features in the face of storm surge, storm-generated waves and sea level rise. Depending on their depth and proximity to shore, subtidal and intertidal reefs can create additional drag, slowing waves down and reducing their height (Arkema et al., 2013, Scyphers et al., 2011). Intertidal reefs also help stabilize shorelines subject to increased erosion with rising sea level and can grow in elevation with sea level to offer a lower cost alternative to hardened structures in the right circumstances (Rodriguez et al., 2014). Recent modeling of sea level rise (SLR) impacts on the coastal wetland systems and adjacent communities in Florida’s Panhandle estuaries illustrates community vulnerability to loss of coastal habitats that offer protection from coastal hazards (Geselbracht et al., 2015). 
	Public Acceptance: There are no known or expected conflicts associated with this project.  Permitting review for Phase 2 of the project by the Florida Department of Environmental Protection and Army Corps will include a review of any potential conflicts of interest.
 
Support is strong among the stakeholders across the Panhandle for oyster habitat restoration projects acknowledged during the community-based watershed planning led by TNC.  There are also an estimated 35 projects in the state’s DWH project portal specifically focused on oyster habitat restoration along Florida’s Gulf Coast.  Shellfish restoration was identified as a recurring project type recommended during TNC’s community-based watershed restoration planning process in the Panhandle.    
	Additional: The Nature Conservancy is aware of and is in support of two other project proposal recently submitted to the State of Florida’s Deepwater Horizon portal that are complementary to this proposal.  We have been in communication with team members from each proposed project. 
• Use of the Eastern oyster (Crassostrea virginica) as a biological surrogate for aquatic ecological health of coastal areas along the Florida Panhandle (including the Big Bend area).  
Contact: Billy Justus, bjustus@usgs.gov, (501) 228-3626
• Adaptive management and decision support tools for oyster reefs and seagrass beds in the Gulf of Mexico
Contact: Julien Martin, julienmartin@usgs.gov, (352) 264-3502
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The project outcomes are directly aligned with implementing goals of several Deepwater Horizon oil spill funding sources that can be combined and leveraged with each other to achieve project success.  
	Feasibility: 

	SUBMIT: 
	Feasibility2: The proposed project will be implemented by a team of experts that consists of the following (others may be added):
1. The Nature Conservancy (Project Lead): Anne Birch, Florida Marine Program Manager, Laura Geselbracht, Florida Senior Marine Scientist Andrea Graves, Florida Marine Project Coordinator.
Collective expertise in project coordination of oyster mapping, restoration planning, habitat suitability modeling, and habitat restoration, particularly in the Gulf estuaries of Pensacola Bay, Apalachicola Bay and Charlotte Harbor.
2. Florida A&M University/Florida State University: Dr. Wenrui Huang, Ph.D., Professor Department of Civil and Environmental Engineering, FAMU-FSU College of Engineering.  Expertise in research in coastal and estuarine model development and applications and hydrodynamic modeling, particularly in the project area, including Pensacola and Apalachicola Bays.
3. Florida Fish and Wildlife Conservation Commission: Katie Konchar, Biological Scientist, Marine & Estuarine Subsection.  Expertise in oyster habitat restoration in the project area, particularly in St. Andrews Bay.
4. University of New Hampshire: Dr. Ray Grizzle, Research Professor.  Expertise in oyster habitat mapping (involving satellite imagery, underwater videography, and sonar), oyster condition analyses, and habitat restoration particularly in the Apalachicola Bay project area.

Potential Oyster Restoration Success Mapping (PORSM) and Condition Analysis
Dr. Grizzle has been investigating and refining oyster habitat mapping techniques for many years, working in Florida with FWC and TNC, and with many peer reviewed scientific publications on the subject as lead or co-author (e.g., Grizzle et al 2005; Grizzle et al 2008).  In 2016, TNC collaborated with Dr. Grizzle on a State Wildlife Grant (SWG) focused in Apalachicola Bay to verify and refine a method for spatially describing intertidal oyster reef habitat using high resolution (<1 m) satellite imagery, followed by ground truthing and condition analysis (size and density), to help improve the ability to monitor and manage this state designated Species of Greatest Conservation Need (Florida Wildlife Legacy Initiative Action Plan).  A conclusion from the project is that intertidal oyster reefs can be identified with approximately 75% to 97% certainty. Condition of the reefs from satellite imagery cannot yet be determined with sufficient confidence.
Important findings of the SWG funded project are described in the final report (available upon request). The team will apply these findings to the project sites.  Mapping, ground truthing, and condition analysis of both subtidal and intertidal reefs in each project estuary is essential. Mapping of oyster habitat is very limited and, in most cases outdated and, therefore, no information exists on how intertidal and subtidal oyster populations might be interconnected with respect to larval recruitment, disease transmission, or other processes, which is important for overall restoration and management of oyster habitat.  

We will use the mapping and sampling data in the context of the habitat suitability model to develop PORSMs showing the sites most likely to be successful in the long-term for oyster reef restoration. This component of the project represents in our view what is most needed now for oyster restoration in general: determining where in each estuary there is the greatest likelihood of long-term success for restoration efforts. Habitat suitability models identify where oysters can live and survive, which is essential information and complementary to the PORSM, but it is not the same as identifying particular sites where restoration efforts might be most successful. Our recent research (e.g., Eckert 2016; Grizzle et al. 2017) indicates that restoration site locations differing by less than a kilometer (and using the same restoration methods) can have widely differing success, and the key factor appears to be distance to a healthy population of live adult oysters. Thus, it will be important to map the existing reefs and collect new data on their condition in order to identify potential restoration sites.
Oyster Habitat Suitability Index Model
Dr. Huang has conducted extensive research in coastal and estuarine model development and applications with many peer reviewed scientific publications on the subject as lead or co-author (e.g., Huang et al, 2015; Wang et al, 2008).  Estuarine hydrodynamic and water quality models (POM and EFDC) are available for the proposed study. Calibrated environmental hydrodynamic and salinity models are available for Apalachicola Bay and St. Andrews Bay, from previous studies by Dr. Huang. For Pensacola Bay, hydrodynamic and wave models are available from Dr. Huang’s previous storm surge and wave modeling studies and site specific modeling for the Pensacola East Bay Oyster Habitat Restoration project being implemented by TNC through NFWF GEBF funding. More advanced sediment and water quality model (EFDC) has been calibrated by Liu and Huang (1998) for Apalachicola Bay.

Several oyster ecological models are available for further improvement to support this project. The oyster mortality model (Livingston et al., 2000) is a statistical regression model, which uses salinity predicted from a hydrodynamic model to estimate oyster mortality. The model has been applied to Apalachicola Bay. Dr. Huang is a co-author of the model.  The oyster growth model (Wang et al., 2008) can be used to simulate dynamic changes in oyster growth based on the inputs of salinity and currents from hydrodynamic model simulations. The model has been applied to Apalachicola Bay. Huang was the PI for the project and the co-author of the model. 

The Oyster Restoration Suitability Model (ORSM) was developed as part of the Charlotte Harbor National Estuary Program (CHNEP) Oyster Habitat Restoration Plan to help guide future restoration decisions within the CHNEP study area (Boswell et al, 2012). It has been applied to the Charlotte Harbor estuary system. TNC partnered in the development of the ORSM.  The ORSM developed for Charlotte Harbor will be used as a template on which to base the OHSIM models for the project estuaries while considering estuary-specific conditions.  The OHSIM models will be developed with the input of stakeholders to investigate whether or where the estuaries are most suitable for oyster reef restoration. 

An Oyster Habitat Suitability Index Model (OHSIM) method (Barnes, et al., 2007; Boswell, et al., 2012) will be used to develop an OHSIM for each of the selected estuaries. The OHSIM method is based on the optimal range of salinity, temperature, flow, and other factors required for oyster restoration to rate the habitat suitability index at the estuarine site. OHSIM method described by the following equation
OHSIM =factor1score*factor2score*factor3score*factor4score ….
Score =0-1 (or 0-100%)

Most data required for estuarine hydrodynamic, salinity, and water quality modeling for the prediction of environmental variations in oyster restoration projects areas can be obtained from public websites. River flow data can be obtained from USGS website and Water Management Districts. Metrological data can be obtained from NWS. Storm surge and wave data can be obtained from NOAA websites. FDEP maintains a water quality program in Pensacola Bay http://www.dep.state.fl.us/northwest/Ecosys/waterquality/outlook.htm). For the Apalachicola Bay NERR, rich data are available from the Centralized Data Management Office (CDMO, http://cdmo.baruch.sc.edu/ ), which covers data of water levels, salinity, turbidity, nutrients, and meteorological data. Additional data for all state waters is available on the state's STORET database (http://prodenv.dep.state.fl.us/DearSpa/public/welcome).

Stakeholder Outreach
Stakeholder meetings will be conducted in each estuary to gain site specific knowledge and data for the OHSIM, evaluate OHSIM results, describe results of the PORSM, and suggest recommendations for improvement and identifying the best methods for communicating the results to a broader audience. Stakeholders will include, but not limited to, oyster habitat restoration practitioners, natural resource managers, shellfish scientists, oyster harvesters, and permitting agency staff. Meetings will be held as project results become available to review.

TNC will display the PORSM and OHSIMs results on an app(s) to be housed on the Coastal Resilience and Freshwater Network decision support tools (http://coastalresilience.org/ and http://freshwaternetwork.org/, respectively). The app will contain each estuary-specific OHSIM and PORSM results developed through this project and will be linked to the modeling results. This will enable natural resource managers, restoration practitioners and funding organization staff to visually explore how changes in ecological conditions and stressors can affect suitable areas for oyster reef restoration. The app will be available for use by all interested parties and will serve as an excellent vehicle for transferring project results in an intuitive and easily usable form.

Oyster Habitat Restoration
Phase 2 will consist of restoration, and subsequent monitoring to assess success using recommended monitoring methods (Baggett et al. 2014).  It’s important that the results of the PORSMs, condition analyses and OHSIMs are functional, practical and directly applicable to meeting restoration goals identified for the DWH, as well as other restoration funding sources.  To this end the project team will use the results to implement a restoration project in one of the project’s estuaries.  After the potential oyster restoration success maps are developed, at least three sites that appear to have the good potential for restoration success will be restored on a pilot scale. Phase TNC, another project team member and/or an additional partner will design, permit and construct the project.  A monitoring plan will be developed as part of the project development.  




