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I. 
II. Executive Summary and Key Recommendations

Global climate change and sea-level rise are threatening the survival of oyster reefs in the Big Bend. An increase in aridity and temperatures in Florida, as seen in the last decade, increase freshwater usage by populations upstream of this region and decrease the amount of recharge needed from precipitation to negate these losses. As the estuarine systems oyster reefs thrive in become more saline, the more they become susceptible to predation and disease. The restoration of  oyster reefs will help mitigate these losses; however, several challenges face communities that aim to restore local reefs. Such challenges include: balancing ecosystem services of restored reefs vs. harvesting services, availability of funding, pre- and post-monitoring of reconstructed reefs, and complexities associated with the law and policies. The overarching goal of this paper is to discuss these challenges in detail, along with how changes in policy and in stakeholder engagement can benefit local communities. In order for oyster reefs and local oyster fishers to adjust to these changing environmental conditions, we recommend adopting three policy options: simplifying the permitting process, having the ability to modify open/closed harvesting areas, and incorporating the leasing of wild oyster reefs for harvesting. These policy options consider how the community will benefit as well as the challenges they may face. We recommend that each policy option include stakeholder input throughout the management process. Policy options designed with the specific needs and interests of stakeholders in mind will be more successful in terms of implementation and are more likely to consider environmental and community aspects previously unknown to policy makers. [image: ]Figure 1. This figure demonstrates how the ecology, economics, and the laws/policies associated with oyster reefs are connected with each other. Within each block is a summary of each subject that will be discussed in this assessment. References for the photos can be found in the Appendix. 






Key Recommendations: 

· Simplify general permitting.
· Modify the way open/closed harvest zones are determined.
· Create a new shellfish management plan that incorporates environmental factors like climate change and sea level rise.
· Create wild oyster harvesting leases that use the legal framework in place.
· Pre- and post-monitoring of restored oyster reefs to assess their environmental and economic impact.
· Consider diverse stakeholder perspectives and include stakeholders in management and decision-making.





























III. Introduction and Background

Oyster reefs offer several ecological and economic services to communities along Florida’s Big Bend coastline; however, recent threats from climate change and direct anthropogenic influences have driven these systems to become one of the most endangered marine habitats in this region (Seavey et al., 2011). Two of the largest climate-related threats to Big Bend oysters include increases in drought frequency and accelerating sea-level rise. As drier conditions and society’s demand for freshwater increases, freshwater inputs to estuarine ecosystems will decline. Reduced freshwater inputs will significantly alter the coastal estuarine ecosystems that oyster reefs thrive in. For the Eastern Oyster (Crassostrea virginica), the dominant oyster species in the Southeastern U.S., their fastest growth and survival rates occur in salinities between 15-20 ppt (Barnes et al., 2007). Increases in salinity from decreased freshwater inputs and accelerated sea-level rise physiologically stresses oyster reefs through predation and disease, ultimately leading to their increased mortality (Bergquist et al., 2006; Peters et al., 2012). 
Despite oyster reef losses in the Big Bend, their recognition as “coastal engineers” has driven multiple attempts to restore them back to their former, historical populations (e.g. Coen et al., 2007; Beck et al., 2011). This is becoming increasingly important as sea-level rise is threatening to increase erosion along this region’s coastline, which will impact both human and biological communities. The sociological and management aspects of using oyster reefs to adapt to environmental changes in the face of climate change, as well as other anthropogenically caused pressures, ranges from considerations on economic value to the opportunity to foster innovation in local oyster fishers. Current management systems consist of primarily hierarchical systems that institute regulations from the top down (Lachapelle et al., 2003). While systems like this may be valued for their efficiency, they fail to account for the differences of stakeholder opinions on oyster restoration management (La Peyre et al, 2012; D’Anna, 2016). The economic value of ecosystem services from restored reefs as compared to the value of oyster harvests in the same regions is an important factor in management decision-making. Grabowski and Peterson (2007) make the case for the value of ecosystem services, yet the cultural and historical significance of oyster harvesting in the Big Bend region is undeniably important (MacKenzie, 1996). 
The laws addressing ecosystem services of oysters and their economic value as a food item exist as two separate entities. In addition, their ability to help combat climate change is not addressed at all. This had led the laws involving oysters to be both complex and scattered. Only by compiling the different sources of law together to form a basis of knowledge is it possible to determine the next steps. The policy options attempt to address the competing concerns between communities who have been heavily regulated by the State with regards to a critical industry, and also the competing need to use oyster reefs as a mechanism of protection against sea level rise. By creating policy that would give the individuals more autonomy over the creation of restored reefs, increased monitoring and control over harvestable areas, and ultimately an expansion of the very successful shellfish aquaculture framework, we hope to strike a balance between the individual needs and broader ecological objectives.
	Given the important implications of oyster reef restoration, any challenges these projects may face should be evaluated and discussed in detail. Such challenges include: balancing ecosystem services of restored reefs vs. harvesting services, availability of funding, pre- and post-monitoring of reconstructed reefs, and complexities associated with the law and policies. The overarching goal of this paper is to discuss these challenges in detail, along with how changes in policy and in stakeholder engagement can benefit local communities. As we present policy options in this paper, we will discuss the sociological considerations relevant to each policy recommendation and their legal framework. Enormous potential exists to reconfigure management systems to be more inclusive and allow greater control by collaborative stakeholder groups. Though the specifics of how these management systems will operate will differ according to region as well as the individuals involved, research on community-based resource management (Armitage, 2005), civic ecology (Krasny and Tidball, 2012), and sense of place (Williams and Stewart, 1998; Tuan, 1977) point to collaboration management regimes as beneficial systems for both the environment and socio-economic systems (Armitage, 2005). 

IV. Individual Sections

Oyster Reef Functions and Recent Declines

Oyster reefs are landforms made almost entirely out of oysters and their shells. They play several important ecological roles, which, in turn, provide many valuable ecosystem and cultural services for local communities. For example, oyster reefs provide habitats for many fish and invertebrates that are desired by commercial and recreational fishermen. High-standing oyster reefs offer an additional function as nearshore breakwaters, which reduce the height and energy of waves hitting the shore and increases coastal property values. Property values can also increase from the improved water quality that oyster reefs provide when they remove excess nutrients from the water column and decrease harmful algal blooms and fish kills (Kroeger, 2012). For oyster reefs along the Gulf of Mexico, their economic roles are becoming increasingly important as much as half of the U.S. commercial oyster harvests depend on these reefs (Beck et al., 2011). Of this half, 10% comes from Florida oyster reefs (Becnel, 2010). For the Big Bend region of Florida, oyster reefs habitats have existed as intertidal structures for thousands of years (Grinnel, 1972; Hine et al., 1988; Wright et al., 2005) and land along this coast has been largely undeveloped, with 30% of the land area under conservation protection (Main and Allen, 2007).
Despite the important roles highlighted above and their long-standing history in the Big Bend, oyster reefs are quickly becoming one of the most endangered marine ecosystems in this region. Declines in the Eastern Oyster reefs (Crassostrea virginica), the dominant species in the Gulf of Mexico, have been linked to overharvesting (Berrigan et al., 1991; Jackson et al., 2001; Carranza et al., 2009), development and pollution (Jackson et al., 2001; Mearns et al., 2007); reductions in freshwater input to estuaries (Berrigan et al., 1991; Bergquist et al., 2006; Buzan et al., 2009), erosion from boat wakes and storms (Goodbred and Hine, 1995; Wall et al., 2005), disease (Berrigan et al., 1991; Carranza et al., 2009), and oil spills (Hulanthduwa and Brown, 2006; Mearns et al., 2007). For the Big Bend region, the lack of development means that this region is not heavily impacted by many of these factors, including: impacts from boats, dredging, industrial/residential pollution, and other anthropogenic threats (Seavey et al., 2011). However, declines in oyster reefs in the Florida Big Bend region have still continued since the 1970s (e.g. Bergquist et al., 2006; communication with Cedar Key residents) despite these pristine conditions. Seavey et al. (2011) collected aerial photographs of this region and documented over 3,800 oyster reef population changes from 1982 to 2010. This study found that there was a 66% net loss of oyster reefs from this area during the study period. Of these losses, offshore reefs have lost the most area (88%), whereas nearshore and inshore reefs have lost 61% and 50%, respectively (Seavey et al., 2011). The loss of Florida Big Bend oyster reefs can be attributed to several of the above factors; however, those factors often work together in declining oyster reef populations and thus make it nearly impossible to tease out individual effects on oyster reefs.
One of the major reasons for oyster reef loss in the Florida Big Bend region is variability in freshwater input as oysters are extremely sensitive to changes in salinity. For the Eastern Oyster, their fastest growth rates, highest survival, and reproduction occur in salinities between 15-20 ppt (Barnes et al., 2007). Once freshwater discharge decreases, more saline water flows into the estuary and salinity increases. Livingston et al. (2000) found that increased salinities in Apalachicola Bay led to increased oyster mortality as freshwater discharge into the bay decreased. This increase in mortality is related to the increase of parasitic diseases and predation, with the latter including predatory snails, fish, crabs, turtles, and rays. One of the most common and devastating diseases for oyster reefs in the Florida Big Bend region is Perkinsus marinus (a.k.a. dermo disease), which is more common and virulent at high salinities (Paynter and Burreson, 1991). This protozoan parasite saps energy out of oysters, reducing their growth and survival and curtailing their reproduction. As a result of both diseases and predation, these oysters do not live beyond 2-3 years of age (Frederick, 2017).
The decline in freshwater discharge that has led to this increase in disease and predation has been attributed to the usage and/or the retention of freshwater by humans upstream (Seavey et al., 2011). The Suwannee River, for example, lacks the freshwater it needs to sustain estuarine habitats due to the increased groundwater withdrawals by humans in both rural and urban settings. Thus, biological communities within the Suwannee River estuary are becoming affected by increases in water withdrawal from the Suwannee River watershed (Tsuo and Matheson, 2002). As a result of this ecological threat, the Department of Environmental Protection set a minimum flow and level (MFL) for the Suwannee River to ensure enough water flows through to maintain the estuarine habitats (Farrell et al., 2005). Despite this, oyster reefs, and several other biological communities, in the Suwannee Sound have still been seeing vast expanses of mortalities due to low freshwater inputs (Bergquist et al., 2016). Restoration of freshwater inputs to the Suwannee River basin will help increase freshwater discharge into the Gulf; however, freshwater restoration would require increased regulation on surface and subsurface water in the basin (Farrell et al., 2005). This would be more of a long-term regional conservation goal than something that can be implemented quickly to save the oyster reefs. Instead, communities can utilize the fact that large oyster reef chains have the ability to capture freshwater flows into the estuary, which increases freshwater retention and decreases salinity for the entire estuary. Thus, the restoration of long oyster reef chains can be used to help mitigate further losses in oyster reef populations from salinity changes.
In addition to these direct anthropogenic threats, oyster reefs are also being threatened by climate change. This includes changes in temperatures and rainfall, changes in severe weather events, ocean acidification, and increases in sea-level. For the Southeastern U.S., drought frequencies have been increasing and precipitation has decreased by about 10% since the early 1900s (USGCRP, 2009). An increase in hotter, drier climates will lead to increased anthropogenic use of surface water and decreased freshwater recharge to river systems through precipitation, which will reinforce the negative effects described in the previous paragraph. Decreased freshwater discharge into Apalachicola Bay, FL during the 2007-2008 drought, for example, exposed oysters in the bay to high-salinity water, which increased oyster mortality and reduced growth (Peters et al., 2012). 
For sea-level rise in the Big Bend region of Florida, any small increase can lead to substantial changes in the environment since this coastline has a relatively low gradient. Cedar Key has a nearly 100 year record of tide-gauge data that indicates there is an annual increase in sea-level of about 1.96 mm/yr (NOAA, 2016). Looking into the last 16 years, sea-level has been rising about 3 mm/yr. This increase from 1.96 mm/yr for the last 100 years to 3 mm/yr for the last 16 years indicates that sea-level rise is accelerating in Cedar Key. Over the next 70 years, the future sea-level rise for Cedar Key is predicted to become 3.6 mm/yr (Walton, 2007), which will have strong impacts on both shorelines and oyster reefs. For shorelines, an increase in sea-level will increase coastal erosion and decrease habitats (e.g. marshes and mangroves). Oyster reefs are unique from other marine habitats in that they are able to keep up with current sea-level rise and are able to significantly reduce wave energy from reaching the coast (Frederick, 2017; Meyer et al., 1997). They can thus act as natural breakwaters to buffer the shoreline against further erosion. Additionally, oyster reefs increase sedimentation on their landward side, which enhances the growth of marshes that offer additional shoreline stabilization (Meyer et al., 1997).
 
Oyster Reef Restoration Overview

Since healthy oyster reefs provide several ecological and economic functions, there has been an increased interest in restoring rapidly declining oyster reefs for living shoreline projects. Other “gray infrastructure” shoreline stabilization solutions, such as bulkheads, might perform similar functions as oyster reefs in stabilizing coastlines; however, none of them produce the ecological benefits that oyster reefs provide (Kroeger, 2012). In addition, research suggests that there is no significant difference between the services restored oyster reefs provide and the services natural oyster reefs provide; thus oyster reef restoration has the ability to reverse losses in ecosystem services from these systems (Kroeger, 2012).
Oyster reef restoration projects in the Gulf of Mexico have largely focused on either enhancing oyster production through seeding and the addition of substrate for oyster larvae to settle (also known as cultch) or through the management and mitigation of anthropogenic effects, including: boat wakes, water management, and pollution (Coen et al., 2007). In order for oyster reefs to grow and expand, new larvae (spat) need to successfully grow on a physical structure (a nucleation site). Without the physical structure, there would not be appropriate substrate for the spat to recruit and survive. When oyster reefs fall below a critical population density, oyster shell disappears, likely due to wave action and burying (Lipcius et al., 2015; Pine et al., 2015). Introducing a hard substrate that persists between die-off events could allow reefs to recolonize and increase their resilience (Frederick et al., 2016). The hard substrate that is chosen should last more than 10 years in the marine environment and is able to persist in the presence of strong currents and wave action (Frederick et al., 2016). This includes oyster and clam bags, limerock cobbles, and reef balls (round structures made of concrete) or blocks (iron rebar cages lined with oyster shell) (Kroeger, 2012). Oyster shell has been proven to be one of the best substrates for oyster spat settlement; however, if you are tackling a large restoration project, oyster shell availability may be limited and thus may require using other additional substrates, including clam and mussel shells.
Oyster reefs in Florida’s Big Bend region are maintained via the availability of hard substrate for nucleation, the reduction of salinities that reduces predation and disease, and through strong tidal currents that increase food resources for oysters (Hine et al., 1988). For areas like the Suwannee Sound, which have been experiencing decreased freshwater flows and are potentially threatened by increased drought frequency and intensity, any oyster restoration strategy needs to be implemented quickly and should promote oyster reef resiliency to decreased freshwater availability (Peters et al., 2012; Camp et al., 2015). Suwannee Sound oyster reefs are not currently limited by oyster larvae availability, many of which come from inshore oyster populations that are buffered from changing freshwater discharge effects, but are more affected by the limited survival of spat that settle on suitable substrate (Frederick et al., 2016). Thus, it is hypothesized that oyster reef resilience can be improved through adding hard substrate to the reef surfaces.
One such restoration project was performed on Lone Cabbage Reef in Levy County, FL, which has been closed to harvest since the late 1970s (Frederick et al., 2016). This reef is approximately 3 km south of the Suwannee River mouth and about 14 km north of Cedar Key, FL. Prior to the restoration, the reef saw a decline in its extent from about 6.2 km in the early 1990s to 3.7 km in 2010. Individual reef numbers also declined during this period, from 38 individual reefs to 13 reefs. Limerock cobbles and clam aquaculture bags, which contained live oysters, clam and oyster shells, and their associated fauna, were placed onto the reef from December 2013 to June 2015. Oyster densities increased on the treatment sites 9.2x compared to pre-restoration numbers, with overall increases of 107-199 oysters/m2. There was also an overall increase in oyster size and in oyster reef elevation. Of the two substrates used, oyster bags showed the greatest increase in oyster densities than limerock likely due to the clam bags arriving to the site with live oysters and excluded most of the large predators of oysters (Frederick et al., 2016). Oyster growth within the clam bags may, however, eventually become limited through intraspecific competition for space and the reduction of flow and nutrients through the bags (Bouchillon, 2015). Overall, this restoration at Lone Cabbage Reef demonstrated that oyster recruitment to degraded reefs in the Suwannee Sound is limited in the short term by available, and also durable, substrate and that the byproducts of clam aquaculture can play an important role in restoring natural reefs (Frederick et al., 2016).
In addition to the type of material used in the restoration, other factors like the shape and size of the substrate will be important in determining the success of the restoration. The San Diego Bay Native Oyster Restoration Plan (Henderson, 2015) arranged their oyster shell mounds in a trapezoid shape, which is considered a generally stable structure that minimizes the sloughing or collapse of shell material. The wide base of the trapezoid also spreads the weight of the shell horizontally, which minimizes local subsidence of individual elements. The height of the substrate is also important as low relief structures will have a lower tolerance for variation in tidal elevation. In contrast, higher structures will need a larger base, which will require more material, and their steeper slopes may have lower stability. The appropriate height for these restored reefs will intersect the best known range of tidal elevations for that area so that wave energy can be reduced and oyster spat can be recruited to the reef. In addition to the overall size of the structure, the individual bags that form it must also be relatively small so they can be easily transported to the restoration site. The use of smaller bags will also allow for easier placement of additional bags if other bags or mounds were to collapse. Bags made up of natural fiber, non-plastic netting with a long degradation time should be used (Henderson, 2015).
 
Steps Towards a Successful Restoration

In order to have a successful restoration, we recommend that the project performs the following steps drawn from other recent restoration plans (e.g. Henderson, 2015; Kroeger, 2012; Frederick et al., 2016): 1. Evaluate existing and historical distributions of oysters; 2. Determine suitable locations for oyster reef restoration using new and existing data; 3. Identify appropriate energy environments and sites along the coast that could most benefit (in terms of erosional control and ecological function) from oyster reef restoration; 4. Perform a pilot-study of the restored reef using a treatment and control group; 5. Determine the extent to which the restored oyster reef enhances the habitat for different invertebrate, fish, and bird species. Along with step 5, restoration projects should also assess the potential of the oyster reef to reduce water flow velocity, attenuate waves, reduce erosion, and promote sediment capture shoreward of the restored reefs. 
For the first step, reviewing literature (including those focusing on fossil records) and historical/aerial photographs can help determine the historical distribution of the oyster reefs you are looking to restore. The second step involves looking at biological constraints of oyster growth (e.g. oyster spat settlement rates, spat survivorship, and oyster reef density and growth rates) as well as physical constraints (e.g. bathymetry and topography, boat traffic, water quality, habitat type, sediment type, wind direction and speed, salinity, sea-level rise predictions, property ownership) to pick restoration sites with suitable conditions for oyster reef growth. Eastern Oysters in the Gulf, for example, tend to occur only below the tide line as they freeze in the winter when they are exposed by the low tides (Frederick, 2017). Thus, the success of an Eastern Oyster reef restoration will be dependent on the depth at which the reef is built and on the height of the reconstructed reef.
Once the reef sites have been determined, a study plan detailing the pilot-study should be developed (step 4). This plan would include: project goals and objectives with specific scientific research questions, the identification of the study sites (both the restoration site and a control site) and the criteria for why those sites were selected, a conceptual design of the restoration project, a detailed pre-and post-installation monitoring program to evaluate the effects of the restoration (step 5), and criteria for a successful restoration project based on the project’s goals and objectives. The following criteria are what we believe would come from a successful restoration: increased settlement and growth of native oysters on restored reefs, reduced wave energy and water flow velocity shoreward of the reef, increased sediment deposition shoreward of the reef, and increased ecosystem function of the restored reef (i.e. an increase in habitat usage by other species). The more specific the restoration goals are, the more successful the evaluation of the restoration project will be. 
 
Oyster Reef Restoration Monitoring

Inadequate monitoring and the lack of clear performance metrics have been common criticisms for various habitat restoration projects. Oyster reef restoration projects often suffer from a lack of clearly defined goals and from not monitoring the reefs post construction to an extent that will allow for adaptive management, determination of whether stated goals have been achieved, and comparison to other oyster reef restoration projects (Baggett et al., 2015).  In addition, studies that have revisited previous restoration projects have found problems related to the lack of pre-restoration data, including the original locations and configurations of the oyster reefs (Baggett et al., 2015). It is because of these problems that we strongly recommend that pre- and post-restoration monitoring work be performed on the oyster reefs so that the effects of the restoration can be evaluated. Post-restoration monitoring of restored oyster reefs should be collected for at least 5 years post-restoration as biological systems take many years to stabilize (Frederick et al., 2016) and pre-restoration monitoring should be conducted for at least 1 year prior to the project (Baggett et al., 2015). In addition, monitoring data from a restoration site should be statistically compared to a control site where no restoration was performed. This is best done using a BACI (Before-After-Control-Impact) design, which includes monitoring both the restoration and control sites concurrently before and after the restoration project (Baggett et al., 2015). The control site should have the same physical characteristics (e.g. depth, current and wave actions, freshwater influence) as the restoration site so that similarities and differences between the two can be associated with the restoration and not any other environmental difference.
Measurements of the oyster reef included in pre-and post-restoration projects are the height of the oyster reef, oyster density (both live and dead and all size classes, including spat), reef areal dimensions and oyster size (Baggett et al., 2015). The areal dimensions and reef height metrics are used to assess the development and persistence of the reef through time, whereas oyster size and density metrics provide information on the oyster population, recruitment, and survivorship. These metrics are universal to oyster restoration projects and are useful for assessing the basic performance of the restoration project and will allow for comparisons between projects (Baggett et al., 2015). Reef areal dimensions can be measured using GPS, a measuring wheel or transect tape, or aerial imagery. Subtidal areas can be evaluated using sonar or SCUBA (Baggett et al., 2015). For oyster reef elevation, benchmarks can be placed on the surface of the reef so that increases, or decreases, in elevation post-restoration can be assessed. Live and dead oysters can be counted along a transect to calculate oyster densities, where dead oysters are be defined as oysters that have two open valves with no clear evidence of a living oyster within (Frederick et al., 2016). Oysters should only be counted if they are visible from above the reef or to the side. In addition to their population densities, individual oyster sizes would also be measured using the transect by randomly placing quadrants along it and measuring all live and dead oysters from the umbo to the point of its longest dimension (Frederick et al., 2016). Densities of larger oysters are of particular interest because of their contribution to reproduction and their ability to recruit larvae to the restored habitat (Baggett et al., 2015).
Pre-and post-assessments of environmental and biological factors should also be performed with an oyster reef restoration project. Three main environmental variables that need to be included in monitoring reef restoration projects, regardless of their goal(s), are water temperature, salinity and dissolved oxygen (Baggett et al., 2015). Additional environmental factors that could be measured and are more goal-specific include wave current velocity, wave height and period, and sedimentation rates. For the physical factors, the restoration of reefs is expected to attenuate wave velocities and heights shoreward of the reef as well as increase sedimentation rates and freshwater retention. To evaluate the effects of oyster reefs on the shorelines, three other metrics should also be measured: shoreline loss or gain, shoreline profile/elevation change, and density and percent cover of marsh (or mangrove plants; Baggett et al., 2015). Biological factors would include the number of species that utilize the reef as a habitat as well as species-specific growth rates and associated age-specific survivorship. As the oyster reef continues to grow, the number of species that utilize the reef are also expected to increase. This would include fish, mobile and benthic invertebrates, and birds. Frederick et al. (2016), for example, found that the restoration of Lone Cabbage Reef increased the usage of the reef by birds as the increase in the height of the reef gave the birds more time to forage and roost compared to lower elevation sites. 
Economics and Community Value 

Nearly all decisions made by communities have implications for the environment. The value of environmental economics is to have an avenue to consider the ways that human activity impacts natural resources, and how those changes ultimately affect human life (Segerson, 2014). In the case of policy, translating the ecosystem services of natural resources into a monetary value is especially influential, because money is a language that is readily used and understood by policy makers.
The economic value of oyster restoration projects is extensive. Kroeger (2012) estimated the economic benefits of two oyster restoration projects in Mobile Bay, Alabama, which spanned a total length of 3.6 miles. Kroeger estimated a total economic output of $39,000/year would be seen in fisheries, significant reductions in coastal erosion, 280 to 4,160 pounds of nitrogen abatement, $8.4 million in local output from reef construction, $2.8 million in earnings and 88 new jobs. These totals represent the community value of restoration projects—a number that is likely to differ by the needs and ecological specifications of an area. This estimate focuses primarily on the ecosystem services of restored oyster reefs, and it does not consider all possible benefits.
For example, there is also potential in the value of oysters to combat the effects of climate change. Oysters pull carbon out of the water column and use it to form the calcium carbonate that composes their shells. Through this act, oyster reefs become a carbon sink, potentially reducing greenhouse gas concentrations (Grabowski & Peterson, 2007). Oyster shells have economic value in themselves as well. Shells are used for a variety of purposes, including substrate over oyster beds, filling for wharfs and low-lying areas, a component of fertilizers, an ingredient of cement, and a source of calcium used to make medicines, paint, plastics, and rubber (MacKenzie, 1996). 
In 2010, it was estimated that the Gulf provides 50% of commercial oyster harvests in the U.S. (Beck et al., 2011). Harvests from Florida make up about 10% of this number (Becnel, 2010). Grabowski and Peterson (2007) determined the commercial value of oysters per unit of reef area by multiplying the oyster yields by dockside market price in coastal Maryland and by considering harvest potential by examining data from oyster reef projects in North Carolina.With these calculations in mind, they estimated that subtidal reefs in North Carolina contain .6 to 1.6 bushels of oysters per 10 m2, which would be worth $12.80 to $32.00. These estimates are regionally and situationally specific, as a bushel of wild-caught oysters in Cedar Key was valued around $60 in spring 2017 (personal communication). Grabowski and Peterson (2007) reveal that the value of the ecosystem services associated with oyster reefs is more significant in the long-term than the value of harvested oysters from the same area. Though the oyster harvests may be initially comparable to ecosystem services from the same reefs, reef destruction from harvesting would require consistent restoration in damaged areas (Grabowski & Peterson, 2007). 
In Cedar Key, clam aquaculture is a major industry, adding an estimated $45 million into the area’s economy and supporting over 500 jobs (Cedar Key Aquaculture Association, 2012). But when it comes to ecosystem services, oyster reefs have a leg up on clams. Oysters are ecosystem engineers (Lenihan & Peterson, 1998; Beck et al., 2011), and because they create hard structures by pulling carbon out of the water column, they are able to prevent erosion and provide habitat in the interstitial spaces between oyster shells (Kroeger, 2012). These benefits become especially attractive in the face of climate change, especially considering the resiliency of oyster reefs as sea level rises. 

Policy Option I: Simplifying General Permitting 
 
        	One of the major barriers of using oyster reefs to help combat climate change and sea level rise is the extensive permitting process that is currently in place. Larger projects almost universally require individual permitting due to the scope of the project. The individual permitting process has become easier as the first wave of projects have been pushed through, but for a smaller scale project the individual permitting process would be expensive and time consuming.[i] At a base level an individual permit is required for any oyster project that does not meet the stated requirements for a general permit.[ii] The binary distinction between a general permit and individual permit means the details of the general permit become extremely important for oyster reef habitats being built.
 
        	The general permit is given out through the Florida Department of Environmental Protection (DEP), with the general power and responsibilities coming from DEP, local governments, and the water management districts.[iii] This differs from the multistage process larger oyster reef habitats go through, because in larger projects the DEP and the Army Corps of Engineers must give permission to build. The simplified general permitting process would allow the smaller scale projects to be up and running in a significantly shorter time span than traditional large scale projects. The general permitting process was created as a “plug and play” method of permitting, where the individual sends in their application and if they meet the requirements the project is approved. This allows individuals to build cookie cutter low-profile oyster reef habitats quickly. However, the the general permit itself has a number of limitations.
 
        	The size restriction of the general permit is one such problem. The general permit has a size restriction of 1/4 acres as a maximum size.[iv] This size limit will likely not interfere with the small scale reefs most individuals would build, but it severely limits the scale of larger projects that multiple parties working together could accomplish. Projects like Lone Cabbage Reef would never be able to fall within the stated guidelines for a general permit. Another issue is the methods allowed under the general permit. The material that is able to be used for the creation of the reef includes limitations such as “Limerock consisting of a minimum of 20 percent calcium carbonate by volume, with 90 percent of the limerock being no more than six inches in diameter” “Concrete material in which at least 90 percent of the concrete material is no more than 6 inches in diameter” and “Cultch shall be firmly fixed on the substrate and contained in such a way as to prevent movement away from the LPOH footprint, through use of designs such as bagged shell, loose cultch surrounded and contained by bagged shell, or shell securely fixed to aquaculture grade mesh material”.[v] Another restriction is the height the  restored reefs can be if they are not placed on a historic reef site.[vi]
 
        	All of the restrictions in place have merit when looked at individually. Making sure that individuals are not using giant boulders of concrete pulled from wreckage sites, or making sure the limerock is not just made of plastic coated with limerock is critical to help protect the natural ecosystem. Making sure people are not endangering boaters by building reefs significantly taller than the historic reef sites is a legitimate concern. However, the issue is not one of permitting, but of oversight and monitoring. As written the general permit limits low-profile oyster reef habitat to such a degree that experimentation is impossible. The ability to experiment with height, materials, and construction is critical to determining the most effective manner oyster reefs can be restored. Without the ability to experiment in a relatively new field of study, the permitting process is severely limiting the effectiveness of oyster reef habitat restoration in the long run.
 
        	The process now is a burden shift from the state to the individual being permitted. The projects seeking permission are required to meet a set of strict guidelines in an effort to prevent the state from being forced to monitor projects more carefully. Funding oversight and monitoring of the permitted reefs gives individuals more freedom to experiment and create new opportunities, while giving the state a more active role in oyster reef restoration projects. The implementation of a simplified permitting process and more state monitoring can also be complimented by creating a manual that shows how to permit projects in general. The manual would go over the permitting process for both DEP general permitting, and then DEP and Army Corps of Engineers individual permitting. This would encourage organizations and individuals to undertake oyster reef projects by giving them a tool to navigate the process.
 
        	Simplifying the permitting process by removing some of the restrictions to the projects, making the state a more active participant by increased monitoring and oversight, and the creation of a simplified manual allowing easier understanding of the permitting process are a necessary first step for oyster reef restoration projects in general. Oyster reef projects for ecological restoration, and to combat climate change, will require use of the available science and looking at community impacts to make sure that the projects chosen are the ones most likely to succeed while benefitting the communities that implement them.

Policy Option II: Modifying Open/Closed Harvest Areas
 
        	Commercial harvesting of oysters requires a careful balance between overharvesting and allowing the commercial industry to grow. The process to become an oysterman is simple, and there are virtually no restrictions on who can apply. The process requires a commercial saltwater products license, which can be purchased from Florida Fish and Wildlife Conservation Commission (FWC), and then a shellfish endorsement through Florida Department of Agriculture and Consumer Services (FDACS).[i] After the license and endorsement are given to the prospective oysterman the only limits they have are the collection limits imposed by FWC.[ii] There are no limits on the amount of oysterman that can be permitted to collect in a given year.[iii]
 
        	While the permitting system has allowed the industry to sustain many communities along the Gulf Coast, it has also allowed over harvesting to occur in some areas. Currently the method to close or open an area to harvest is based almost entirely upon FDACS’ determination about the possible health issues of an area.[iv] FDACS has a system in place that divides areas into six different types of harvest zones.[v] The six zones are Approved, Conditionally Approved, Restricted, Conditionally Restricted, Prohibited, and Unclassified.[vi] The restrictions are based on normal levels of environmental pollutants, and then the Conditionally Approved and Restricted are based on the potential for events like hurricanes to make the oysters unsafe for human consumption.[vii] It is easier to determine the impact coastal communities have on oyster populations by looking at the image below. [viii]
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        	The connection between the zones closed off and the proximity to the coastal communities is very closely related. The FDACS regulations as they have been used so far only take into account the potential risk to human health when determining when to close an area off. The expansion of FDACS’ power to include opening and closing areas for ecological reasons, including climate change and restoration work, could allow for oyster reefs impacted the most by overharvesting to have time to recover. Under the current regulations in place, FDACS is “authorized to open and temporarily close approved, conditionally approved, restricted, or conditionally restricted harvest areas for harvesting of shellfish in emergencies as defined herein.”[ix] Additionally, FDACS defines an emergency in their definition section as;
 
“any unusual incident resulting from natural or unnatural causes which endangers the health, safety, or resources of the state, including, but not limited to, a hurricane, storm, or red tide; petroleum spill; toxic substance discharge; inability of a sewage treatment plant to comply with permit conditions due to a breakdown of equipment, power outage, destruction by fire, wind, or by other cause.”[x]
 
        	FDACS’ ability to regulate open and closed zones when an emergency endangers the resources of the state gives them broad authority to close or open zones. The intention of the legislation was clearly to protect human health from dubious oyster populations. However, the Florida Legislature has shown a willingness to let multiple agencies hold overlapping power. In addition, FWC and FDACS have successfully shared the power of regulating oyster harvesting through zone closings and permitting. FWC also has broad authority to open and close harvesting areas for conservation reasons by means of an executive order.[xi] 
 
        	While opening and closing areas for conservation factors is an effective method of helping to maintain the oyster reefs, the long-term goal would be to implement a shellfish management plan that incorporates climate change and conservation factors into a larger framework of management. Current management plans focus primarily on the oyster harvesting industry instead of management broadly. In essence, the management plan states what can and can’t be done, but never asks what should or shouldn’t be done. A paradigm shift would allow for more control, while simultaneously closing more specific areas. Closing smaller zones would actually diversify which areas are available to oystermen, and provide jobs in conservation related work as well. It could, however, open the door to much broader agency authority, and thus much less control for stakeholders. Implementing new regulations for open and closed zones would require balancing agency authority and stakeholder opinions to create a system that allows for input from both sides.

Stakeholder Inclusion in Management

The differences between stakeholder groups make stakeholder inclusion in management essential, so that all perspectives are used to help inform restoration management. Local communities of stakeholders have been criticized for only participating in natural resource management decision-making when a crisis occurs, though other factors may influence perceived “community apathy” such as socioeconomic status, institutional constraints, and feelings of powerlessness (Lachapelle et al., 2003). Leong et al. (2009) developed a scale of six general approaches to stakeholder engagement, that spans from a “top-down” approach to managerial partnerships between multiple organizations. The approaches include: authoritative, passive-receptive, inquisitive, intermediary, transactional, and co-management. Stakeholder engagement is becoming increasingly more common in wildlife management, however Lauber et al. (2012) have identified both internal and external challenges. Challenges internal to the management agency include resistance to stakeholder engagement, an agency structure that discourages stakeholder input, and a lack of time and money. External challenges include difficulty communicating, the complexity of weighing input, and poor relationships with stakeholder groups.
Research on stakeholder preferences in oyster restoration projects point to the importance of considering stakeholder opinions in management activities, including regulation of harvestable areas. The perceptions of oyster restoration stakeholders on the Gulf Coast show notable differences between groups. La Peyre et al. (2012) surveyed oyster harvesters, shrimpers, environmental organization members, and professionals on their general knowledge of oyster reef ecosystems services and restoration, their views of reef restoration, and how restoration projects have been implemented and administered. All groups were supportive of reef restoration, but differences were seen in the reasons for their support. Commercial fishermen were more likely to support restoration for stock enhancement, while professionals and environmental organization members were more concerned about preserving ecosystem services.
D’anna (2016) evaluated how stakeholders understand and frame threats to oyster survival and restoration in North Carolina. D’anna used participatory risk mapping to assess variations in the perception of threats to oyster survival across stakeholder groups. Stakeholders surveyed included members of management, fishing, industry, aquaculture, science, and conservation. Stakeholder groups assessed threats with varying levels of concern, but all groups showed widespread concern regarding runoff and disease. Important differences were seen in stakeholder concern of threats associated with harvests, especially dredging. Fishing, industry, and management groups believed that dredging does not damage reefs unless an inexperienced fisherman performs the act incorrectly. The conservation group, however, called dredging a destructive behavior and identified it as one of the most pressing issues for oyster sustainability. Fishing and industry groups were unconcerned about overharvesting, while conservation groups ranked it an important threat. 
At a grassroots level, civic ecology is a potentially achievable goal for many communities and a way to participate in natural resource management on an individual level. Civic ecology focuses on environmental stewardship practices spearheaded by communities who are concerned with environmental outcomes (Krasny and Tidball, 2012). Civic ecology practices typically emerge through self-organization by community members after environmental or social deterioration. These practices are unique to their region because of their grassroots origins, however sustainable models typically involve partnerships with nonprofit organizations, government agencies, universities, and private industry. Krasny and Tidball (2012) suggest that civic ecology practices also preserve local knowledge that is held within the initiating communities. These practices present opportunities for collaboration with outside organizations, which can facilitate the integration of multiple forms of knowledge and expand project outcomes. The goals of civic ecology practices are to create inclusive projects that rely on “homegrown solutions” and lead to positive social and environmental outcomes. An applicable example of this can be seen in oyster restoration efforts in New York City, supported by partnerships between the NYC Department of Parks and Recreation, the US Army Corps of Engineers, and existing restoration projects in the NYC harbor. However, Municipal governments and other groups are not always welcoming to civic ecology initiatives. For example, the State of New Jersey ordered the conservation organization Baykeeper to remove oyster beds in the Raritan Bay estuary out of fear that oysters would become contaminated from filtering water and affect the commercial seafood industry (Sullivan, 2010). Incorporating the principles of civic ecology into management ideals could help to preserve local knowledge and inspire individual investment from community members. 
In response to decreasing oyster populations, some programs have turned to community volunteers to help contribute to the health and viability of coastal estuaries. “Oyster gardening” is one type of initiative that aims involve and engage community members. The Delaware Center for the Inland Bays, a community-based non-profit, began an oyster-gardening initiative in the summer of 2003. Volunteers throughout the Inland Bays care for oysters grown in floating cages tied to their docks (Rossi-Snook et al., 2010). Opportunities for further engagement and learning were also offered to volunteers. Workshops and training sessions offered instruction on basic water quality, oyster biology and ecology, as well as descriptions of common predators, competitors and other animals and algae that gardeners were likely to encounter in their cages. They were also taught how to build floating cages and methods to monitor, clean, and care for their oysters (Rossi-Snook et al., 2010). From 2003 to 2010, the number of volunteers involved grew from 14 to 150 at more than 100 locations (Rossi-Snook et al., 2010). Through this program, community members built relationships with professional scientists, both groups working together toward a common goal—environmental stewardship. This program is an example of the potential that exists when stakeholders can be effectively engaged by restoration programs to participate in pro-environmental behaviors. 

Policy Option III: Wild Oyster Harvesting Area Leasing
 
        	The Florida shellfish aquaculture industry has an established foothold across most of the Big Bend and Panhandle of Florida. The financial benefits to the areas have been significant.[i] The heavy regulation of the shellfish aquaculture industry has led to numerous statutes, which are compiled under the name of “Aquaculture Lease Statutes.”[ii] The Aquaculture Lease Statutes provide a legal basis for any decision regarding the aquaculture industry, and give the Florida Department of Agriculture and Consumer Services (FDACS) control over the decisions.[iii] Wild oyster harvesting requirements, which is discussed at length in the open/closed harvesting option, do not have the tight control of the aquaculture industry. By bringing wild oysters under the legal framework of the aquaculture industry through leaseholds, the solution to over harvesting would be market controlled. While the industry becomes more regulated, wild oyster harvesting leases also provide more autonomy to individuals who own the leases.
 
        	The shellfish leases already in place provide a legal framework that is significant for the creation of wild oyster leases. The leasing system as it stands for aquacultured oysters provides freedom to the individual who owns the lease in a few keys ways, namely the expectation that they monitor their area, keep them clean, and stake off their area to ensure the public knows the area is leased.[iv] These requirements can also be seen as a downside however, because if a leaseholder fails to maintain the leased area they can be fined or have the leasehold terminated.[v] The length of the leases is one strength they have. Under the preexisting system, the leaseholds for aquaculture shellfish are in perpetuity, with an adjustment to the price per acre every five years.[vi] The possibility of an individual holding a lease for a significant amount of time gives the individual more autonomy than in a system where oyster harvesting is a free for all. The leaseholds also give incentive for sustainable harvesting.
 
        	One of the main selling points for using the pre-existing legal framework is the mention of wild oysters in leaseholds already.[vii] The most relevant language is, “The department, if it deems it to be in the best interest of the state, may include such natural reefs or beds in a lease.”[viii] FDACS will have broad powers through the “best interest of the state” language included in the statute. Expanding their authority through this provision would possibly mean that no new laws would need to be added, and the leases could begin when FDACS has the means to support them. One statute would need to be changed however, and that is Fla. Stat. 597.010(10). Under this statute an individual would have the ability to cancel any wild oyster lease they signed within six months, because of a loophole in aquaculture leases with too many wild oysters in the vicinity.[ix]
 
        	Keeping the oyster populations stable so that the industry does not collapse is a legitimate concern for any coastal community. The ability to regulate through leaseholds would give the community members a greater share of the freedom, and also responsibility, that the laws provide the aquaculture industry. Modeling wild oyster harvest after the immensely successful aquaculture industry gets rid of the unnecessary distinction between the two industries. Oystermen would abide by the same rules and regulations regardless of the source of the oysters, and would be required to take responsibility for any failures. Another benefit of wild oyster leases would be the consistency between the aquaculture and wild oyster regulations, which would reflect the scientific reality that oysters would seed these areas over time regardless of human seeding projects for aquaculture. 

Personal Investment Through Farming the Gulf

 	The connections that individuals create by living at a specific location and building relationships with the land can be described by sense of place. Sense of place is defined as the collection of meanings, beliefs, symbols, values, and feelings that either individuals or groups connect with a specific location (Williams and Stewart, 1998). Tuan (1977) describes sense of place as the product of placing value: “What begins as an undifferentiated spaces becomes place when we endow it with value” (p. 6). Sense of place has the potential to be a bridge that connects disparate groups of natural resource stakeholders. Williams and Stewart (1998) describe sense of place as a “shared language that eases discussions of salient issues and problems and that affirms the principles underlying ecosystem management” (pg. 18). The process of planning and implementing an initiative to manage natural resources is consistently an opportunity for different stakeholders to describe, contest, and negotiate their competing conceptions of sense of place within a specific area (Williams and Stewart, 1998). 
The idea of Traditional Ecological Knowledge also has relevance in a community like the Big Bend, where some fishermen’s families have lived and worked for generations. Huntington (2000) defined Traditional Ecological Knowledge (TEK) as “the knowledge and insights acquired through extensive observation of an area or species.” While indigenous people are most often assumed to carry and communicate TEK, they are not the only people that may harbor this kind of knowledge. TEK can be passed down through oral histories or shared among communities of natural resource users and, on occasion, passed on to natural resource managers. In some cases, the term Local Ecological Knowledge has been used to describe knowledge and beliefs held by local resource users (Huntington, 2000).
	The third policy option would utilize the specific expertise, experiences, and knowledge of Big Bend oyster fishers while also providing benefits to individuals who elect to lease wild oyster reefs. Because wild oyster leases would be harvested by only one individual, lessees would be able to more consistently predict whether they would have access to the resource or not, depending on their own harvesting schedule combined with environmental conditions. They could also elect to harvest oysters when market prices for the product is at it’s peak. Previous research on the environmental conditions affecting salinity off of the Suwannee Sound show that salinity may vary from year-to-year depending on the freshwater outflow from the Suwannee River (Bergquist et al., 2016). One value of wild oyster leases is the ability to diversify lease types--having both clam and oyster leases, for example--allowing oyster fishers to profit regardless of salinity conditions (P. Frederick, personal communication, March 2017). 
	Wild oyster leases are also likely to lead to learning and innovation from the oyster fishers to take ownership over wild reefs. This policy option draws on literature about communication-based natural resource management (CBNRM), which can be defined as natural resource management that aims to encourage participation of stakeholders in decision-making, enforcement, and overall management (Armitage, 2005). One benefit of CBNRM is that this approach fosters the idea of adaptive capacity, which describes the ability to experiment with important elements of natural resource management and to come up with innovative solutions. This concept is particularly relevant in complex environmental systems (Armitage, 2005). The idea of CBNRM is meant to address both the environmental and socio-economic goals of community members. This type of management requires stakeholders with varying concerns to come together to parse out the commonalities and differences in their interests, all with the ultimate goal of creating a sustainable future for common-pool resources (Armitage, 2005). 
	By instituting wild oyster leases as an option in the Big Bend region, opportunities for both the state and individuals become available. For example, state organizations like FWC could make an initial investment in covering leased areas in limestone substrate or oyster shell to ensure the resiliency of the reef and suitability for oyster spat. Individual oyster fishers would then be responsible for maintaining and monitoring those leases, and they could potentially even report important data to management agencies on a consistent basis. The possibility also exists for money from leases to go into a share account controlled by the community, which could help to pay for enforcement, construction, and monitoring costs of leased areas. These initiatives would put more control in the hands of stakeholders, while encouraging community investment in important natural resources to both human communities and ecological systems. 

  IV.      Results and Discussion

	Although oyster reefs have been significantly declining over the few decades as a result of changes in hydrology and overharvesting (Bergquist et al., 2006; Seavey et al., 2011) their restoration is being recognized as a mitigation tool for minimizing climate change and sea-level rise impacts on Big Bend coasts (Kroeger, 2012). Much of this can be attributed to how fast and high oyster reefs can grow, making them one of the only marine ecosystems that are able to keep up with sea-level rise (Frederick, 2017). As a result of this growth, the reefs are able to dissipate wave energy, which prevents erosion along the shore, and capture freshwater flows and sediment within estuaries, which allows the estuary to maintain its brackish salinities and potentially allows for shoreline accretion (Meyer et al., 1997; Frederick, 2017). Despite these benefits, many restoration projects are struggling to get off the ground due to complexities associated with laws and policies. Solutions for these problems are presented below along with their management and ecological implications.
	Creating an easier general permitting process for low-profile oyster habitat presents a beneficial stepping stone to a broader oyster reef policy change as climate change grows as a threat. The permitting process is relatively self-contained legally and is the focus of administrative code. The administrative process gives the agency broad authority to change the code without the need for legislative changes, as long as the initial granting of authority is not exceeded. Beginning with an agency policy option would get restoration projects up and running in a shorter period of time, which benefits both biological and human communities that depend on the reefs. For the human communities along the Big Bend, the economic benefits of restoration projects outweigh the economic value of harvesting from the same oyster reefs (Kroeger, 2012). By making the general permitting process more accessible to individuals, community members are more likely to pursue restoration options on degraded reefs. More restored reefs could bring substantial benefits to communities in a number of ways, through the ecosystem services that reefs provide as well as fisheries enhancement. Such ecosystem services include increasing and diversifying species usage of the reefs as a habitat, which includes the highly-valued commercial fish, as well as increasing species-specific growth rates and age-specific survivorship.
	Changing the way open and closed oyster zones work is another viable policy option that will allow for the survivorship of both wild and restored oyster reefs. In a method similar to changing the general permitting process for low-profile oyster habitat, the change would be based on a different reading/modification of administrative code. This policy option presents slightly more challenges because the responsibility for open/closed zones requires inter-agency cooperation between FWC and FDACS. A different interpretation of their powers would not require a modification of the administrative code, which would make this the most straightforward policy option available. It does give the agencies more authority overall, however, and may receive pushback from stakeholders because of it. Thus, it is important to allow a diverse array of stakeholders to participate in decision-making processes, in order to ensure that their unique perspectives are represented.
For the community, implementing open and closed zones as the backbone of a newly structured shellfish management plan creates interesting policy options. It allows for a broader, scientifically sound management plan that can incorporate stakeholder involvement and the latest scientific data on climate change. For example, the closing of oyster reefs to harvesting in response to the increase in droughts and decreased freshwater discharge to the Big Bend estuaries will either allow the oyster reefs to adapt to these changes or allow for the restoration of the reefs. Once reefs are restored, they must remain closed for five years as biological systems take many years to stabilize (Frederick et al., 2016). In addition, monitoring of the reefs both before and after the restoration is required so that the benefits of the restoration can be assessed. Oyster reef restoration projects often suffer from a lack of clearly defined goals and from not monitoring the reefs post construction to an extent that will allow for adaptive management, determination of whether stated goals have been achieved, and comparison to other oyster reef restoration projects (Baggett et al., 2015). Three main environmental variables that need to be included in monitoring reef restoration projects, regardless of their goal(s), are water temperature, salinity and dissolved oxygen. To evaluate the effects of oyster reefs on the shorelines, three additional metrics should be included in the monitoring: shoreline loss or gain, shoreline profile/elevation change, and density and percent cover of marsh (or mangrove plants; Baggett et al., 2015).
Wild oyster harvesting leases are the most specific and targeted policy option presented in this assessment. Wild oyster leases create a market-based, and therefore community-based, solution to overharvesting of oysters. This policy option could be effectively incorporated into a larger shellfish management plan that regulates both governmental authority and the market at once. Leasing is already occurring in many markets throughout the Big Bend region, and thus should be viewed as an expansion instead of a completely new set of rules by stakeholders. Providing leasable reefs to oyster fishers would facilitate a sense of personal investment in the natural ecosystem and allow stakeholders to have more control over the management of those areas. It would also allow for the use of adaptive management and innovative techniques as environmental conditions shift due to climate change and sea-level rise. 

   V.      Conclusions and Recommendations

The threats of global climate change and sea-level rise have major implications for the survival of oyster reefs in the Big Bend. An increase in aridity and temperatures in Florida, as seen in the last decade, increase freshwater usage by populations upstream of this region and decrease the amount of recharge needed from precipitation to negate these losses. As the estuarine systems oyster reefs thrive in become more saline, oyster reefs become increasingly susceptible to predation and disease.  The restoration of  oyster reefs will help mitigate these losses; however, communities that aim to restore local reefs are met with several challenges. In order for oyster reefs and local oyster fishers to adjust to these changing environmental conditions, we recommend adopting three policy options: simplifying the permitting process, having the ability to modify open/closed harvesting areas, and incorporating the leasing of wild oyster reefs for harvesting. Wild oyster harvesting leases and changing open/closed zones are not mutually exclusive. Both options are viable under a new shellfish management plan that focuses on broader issues than just sanitary concerns. Implementing open/closed zones for climate change and other ecological reasons creates a powerful incentive for coastal communities to be forward-looking with their environmental policy. Creating wild oyster leases that are similar to the aquaculture industry gives the individuals in the community a greater incentive to protect oyster reefs from over harvesting. Easier permitting allows community members to become more involved in the restoration process as well through the creation of smaller scale projects aimed at protecting the coastline. Each of these policy options should include stakeholders at each stage of the management process. Policy options that are designed with the specific needs and interests of stakeholders in mind will be more successful in terms of implementation and will likely consider environmental and community aspects that policy makers were not aware of. We recommend policy options that create space for community involvement and that work to make the permitting process as accessible as possible for stakeholders. 
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Executive Summary Figure References

Threats to and Benefits of Oyster Reefs Image:
Perini, V. (2015). Excess nitrogen removal by oysters depends on where an oyster reef is located, 	Northeastern University, College of Science, Marine Science Center.

Policy Options Image:
Clark, J. (2016). Biloxi oyster reef closes due to excessive rainfall, SunHerald, Gulfport, 	Mississippi, USA. November 9, 2016. 	http://www.sunherald.com/news/local/counties/harrison-county/article113642324.html.

Stakeholder Engagement Image:
Sink Your Shucks Oyster Reef Restoration, Texas A&M University Corpus Christi, Image 7043, 	March 27, 2017.

Endnotes- James

Policy Option I: General Permitting
[i] Pers. Comm. Dr. Peter Fredericks. Dr. Fredericks mentioned that after Lone Cabbage Reef the individual permitting process was much clearer, and the Army Corp of Engineers was more amenable with a successful project to use as an example.
[ii] Fʟᴀ. Aᴅᴍɪɴ. Cᴏᴅᴇ R. 62-330.054(1)(a)  “Individual Permits” (2013). Relevant language is “An individual permit is required for activities that require a permit if they: (a) Do not qualify for a general permit in Rules 62-330.407 through 62-330.635, F.A.C”
[iii] Fʟᴀ. Aᴅᴍɪɴ. Cᴏᴅᴇ R. 62-330.010(3) “Purpose and Implementation” (2013).
[iv] Fʟᴀ. Aᴅᴍɪɴ. Cᴏᴅᴇ R. 62-330.632(1)(a) “General Permit for the Restoration, Establishment and Enhancement of Low Profile Oyster Habitat” (2013).
[v] Fʟᴀ. Aᴅᴍɪɴ. Cᴏᴅᴇ R. 62-330.632(a)(3-4) and (b) (2013).
[vi] Fʟᴀ. Aᴅᴍɪɴ. Cᴏᴅᴇ R. 62-330.632(d) (2013). 

Policy Option II: Open/Closed Zones
[i] http://myfwc.com/fishing/saltwater/commercial/shellfish/ The process is almost entirely focused on making sure that commercial shellfish harvesters understand the sanitary requirements under FDACS regulations, and requires taking an annual course on shellfish sanitation.
[ii] Id.
[iii] Id.
[iv] Fʟᴀ. Aᴅᴍɪɴ. Cᴏᴅᴇ R. 5L-1.003(1) Shellfish Harvesting Area Standards (2016).
[v] Shellfish Harvesting Area Classification Maps, Florida Department of Agriculture and Consumer Services (2012). 
[vi] Id. at Preface.
[vii] Id.
[viii] Id. at Map #30. 
[ix] Fʟᴀ. Aᴅᴍɪɴ. Cᴏᴅᴇ R. 5L-1.003(8) (2016).
[x] Fʟᴀ. Aᴅᴍɪɴ. Cᴏᴅᴇ R. 5L-1.002(20) (2016).
[xi] Fla. Exec. Order No. 16-52 (2016). http://myfwc.com/media/4113819/eo-16-52.pdf. This specific example shows FWC closing Apalachicola Bay reefs due to overharvesting to protect them for conservation reasons.

Policy Option III: Wild Oyster Leases
[i] http://shellfish.ifas.ufl.edu/cedar-key-everlasting/ The figures for clam farming in Cedar Key alone are $45 million dollars and 500 jobs.
[ii] Fʟᴀ. Sᴛᴀᴛ. §597.001-597.020 “Aquaculture Lease Statutes” (2016). It was extremely important to the formation of this policy option that these be available to the public, and not just under legal reference websites. These statutes are available at: http://www.leg.state.fl.us/Statutes/index.cfm?App_mode=Display_Statute&URL=0500-0599/0597/0597.html
[iii] Fʟᴀ. Sᴛᴀᴛ. § 597.003 “Powers and Duties of Florida Department of Agriculture and Consumer Services” (2016).
[iv] Fʟᴀ. Sᴛᴀᴛ. § 597.010(1)-(7) (2016).
[v] Fʟᴀ. Sᴛᴀᴛ. § 597.010(4)-(7) (2016). Penalties are generally the main punishment for failure to comply. In cases of nonpayment the state is able to revoke the lease.
[vi] Fʟᴀ. Sᴛᴀᴛ. § 597.010(5)(a) (2016).
[vii] Fʟᴀ. Sᴛᴀᴛ. § 597.010(10)-(11) (2016).
[viii] Fʟᴀ. Sᴛᴀᴛ. § 597.010(11) (2016). The statute then goes on to state about price and payment, “In those cases where a natural area is included in a lease, the department shall fix a reasonable value on the same, to be paid by the applicant for lease of such submerged land.”
[ix] Fʟᴀ. Sᴛᴀᴛ. § 597.010(10) (2016). 
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SHELLFISH HARVESTING AREA CLASSIFICATION MAP #30 (Effective: September 28, 2004)
Cedar Key (#30) Shellfish Harvesting Area in Levy County
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