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The Bahamas Ecological GAP Analysis
Introduction and Purpose

In February 2004, The Bahamas government committed to the Convention on Biodiversity’s Program of Work which aims to establish and maintain a comprehensive, effectively managed, and ecologically representative national protected areas system. As part of their commitment to The Program of Work, signatory countries are required to develop comprehensive master plans and national implementation plans. One of the first components of the master plan is an ecological gap assessment, or an analysis of the extent to which viable examples of biodiversity features, such as species, habitats, natural communities, and ecosystems, are sufficiently represented in a protected area system. 

Developing an ecologically representative network of protected areas requires an approach to selection that is rooted more in the sciences than in chance or politics. The Convention on Biological Diversity (CBD) accordingly proposes that governments carry out a GAP analysis to find out if and where a nation’s current protected area system falls short of protecting all biodiversity. The goal of the GAP analysis was to identify gaps in the protected areas system of The Bahamas and to develop a tool that will guide the rationalization of the Protected Areas System.
A GAP analysis involves comparing the distribution of biodiversity against the distribution of protected areas and finding where species and ecosystems are left unprotected or under protected. Conceptually this is not a difficult process, but the challenge comes in assembling a wide variety of information on natural resources (which is not readily available in The Bahamas) and using sound ecological knowledge to make meaningful conservation decisions.

The Key Steps to an Ecological GAP analysis

1) Identify focal biodiversity and set key targets. This includes identifying key biodiversity targets (habitat types, species, and ecological processes) within The Bahamas to be used as the basis for the GAP analysis. The second stage requires determining how much of each target needs to be protected (conservation goal) in order to ensure the target’s long term persistence. Both the minimum 10% goal provided by the CBD, as well as biodiversity target specific goals that account for abundance, rarity, and health, were used in this analysis.
2) Evaluate and map the occurrence and status of biodiversity. This stage requires the consolidation of existing biological information from all reputable sources available and subsequent mapping of this information. We have recorded, and where possible, mapped biodiversity targets using available information, Geographical Information System (GIS), and predictive models based on habitat affinities for key indicator species.
3) Analyse and map the occurrence and status of protected areas. This stage requires the mapping of protected area boundaries in The Bahamas using available lands and survey maps and lease descriptions where available. Because marine reserve boundaries have yet to be defined and freshwater reserve boundaries were unavailable, this analysis only considers the contributions and gaps within the national parks managed by The Bahamas National Trust.
4) Use the information to identify gaps. Maps of existing biodiversity occurrences and their status are overlaid on maps of existing protected areas in order to identify representation and ecological gaps. The methods and results are presented in phase one of this report.
5) Prioritize gaps to be filled. Strictly speaking identification of ecological gaps (step four) is the final step in a basic gap analysis. However, a gap analysis is carried out primarily as a tool to expand and strengthen the protected area system and the filling of gaps is an explicit commitment cited in The Program of Work. Therefore, further analysis was undertaken to identify and prioritize additional areas best suited to fill these ecological gaps. The use of a more systematic and efficient site selection software program known as MARXAN was chosen to support this analysis. The program is able to utilize existing geospatial information collected during phase one, along with a set of explicit representation criteria to identify priority sites which allow for maximum efficiency, representativeness of species and habitats, and account for current vulnerability to threats. The methods and results of this analysis are presented in phase two of this report.
Implicit in this methodology is the need for national and local governmental and non-governmental partner buy-in, as implementation of the outcomes is their primary responsibility.  Priorities should be developed on the basis of conservation status and viability (health) of the targets, threats, opportunities and capacity; and balanced with stakeholder needs and societal interests.

Background
The Bahamas can be found between the southeastern shores of the United States and the northern shores of Cuba. The Bahamian archipelago extends 2,000 km, from Little Bahamas bank in the north to Silver Banks in the south, covering 100,000 square miles (259,000 square kilometers) (Map1). Included in this area are more than 700 islands and 2,500 cays. The terrestrial portion of The Bahamas makes up only five percent of its total area. 
The distinct environment of The Bahamas gives rise to numerous irreplaceable habitats and species, including vast expanses of Caribbean pine forest, tidal flats with thriving bonefish populations, extensive barrier reefs, the highest concentration of blue holes in the Western Hemisphere, and critical fish nursery habitat believed to contribute significantly to fisheries stocks throughout the Caribbean region. The insularity and extensive carbonate shelf with productive coral reefs and other habitats, plus a large area of coastal wetlands, especially mangrove forests, contribute to the abundance and diversity of fish. Critically rare, endangered, and endemic species can also be found in The Bahamas including the Bahama parrot, Rock iguana, Kirkland’s warbler, West Indian flamingo, saw-tooth shark, Queen conch, Loggerhead, Hawksbill, and Green turtles, and the largest population of West Indian flamingos.
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The Nature Conservancy Role
The Board of Governors chartered The Nature Conservancy’s (TNC) Bahamas Country Program in 2000, when the Conservancy began working in The Bahamas with the Bahamas National Trust (BNT), a non-governmental organization, mandated with the development and management of the National Park System. The initial partnership focused on the strengthening of two national parks and the relationship has since flourished. The Conservancy has also engaged key government agencies and smaller NGO’s with the goal of increasing conservation capacity in the areas of institutional development, fund raising, planning, and natural resource management of both the marine and terrestrial environments. 
In 2004, The Nature Conservancy signed an MOU with The Bahamas National Trust (BNT) and The Bahamas Environment, Science and Technology Commission (BEST) to implement a Program of Work on Protected Areas, the implementation mechanism for the Convention on Biological Diversity. As part of The Conservancy’s effort to help move forward activities under the program of work, TNC agreed to be the technical lead of The Bahamas GAP analysis. The Conservancy has also played a major role in providing capacity and money to program of work on protected areas activities while BNT, whose primary mandate is the conservation of the country’s National Parks, has been the driving force behind most of the meetings and partnership interactions.
Challenges

Identifying and engaging key partners, stakeholders and experts has been a priority since the start of The Bahamas GAP analysis. Up until 2004, little spatial data existed for The Bahamas and the data that did exist was fractured among both governmental and non-governmental organizations. TNC’s priority has been to collect and organize spatial data critical to conservation while updating files and creating new data to fill gaps. 
The Conservancy has experienced some serious challenges in this effort. Some government agencies or non-governmental organizations that possess useful information have in many cases been unwilling to share data. There is a perceived threat that sharing data will lead to loss of control and the data will be released to parties outside of the country. MOUs and data sharing agreements have been developed to try to alleviate these fears but The Conservancy is still waiting for governmental partners to review and sign these data sharing agreements. Still, many experts, including local and US-based scientists that work in the archipelago, have been very eager to help and share information. Existing relationships with terrestrial and marine scientists that focus on particular flora and fauna species, cultivated from involvement in previous TNC projects, were a starting point for data collection and revision. 
A major stumbling block is that most individuals can only speak to their knowledge of an existing resource in one portion or one island in The Bahamas. Their knowledge does not extend across the whole country and less is known about the southern Bahamas, which is less populated and visited compared to the northern or central islands. The lack of knowledge about a particular habitat or species across the entire Bahamas has limited our ability to include some datasets in the analysis even though data may exist for part of The Bahamas. The Conservancy also went through a review process for existing datasets, by holding a series of workshops and one-on-one meetings. 
PHASE ONE: Identifying the Ecological Gaps

The goal of phase one was to find out if and where the current protected area system in The Bahamas is falling short of protecting its biodiversity. 
Inputs
Biodiversity Target Selection: 







       The first step was the identification of biodiversity targets to be included in the analysis and was initiated with a list from “An Ecoregional Plan for the Bahamian Archipelago” Sealey et al. 2000. Revisions to the list, mostly additions, were made at preliminary workshops and meetings with project partners. Each potential biodiversity target was then assessed for data availability and confidence. It was decided to place more emphasis on the enhancement of habitat level data through revision and additional data collection because habitats serve as surrogates for many different species and species data is currently limited. Ultimately, five terrestrial, fifteen marine, and four freshwater biodiversity targets were identified and included in the analysis. For a list of target descriptions, see Appendix 1.
Goal-setting: 
Preliminary gap numbers were calculated using The Convention on Biological Diversity minimum goal for biodiversity protection of 10%. When these preliminary results were presented at an in-country workshop and at one-on-one meetings with key partners, nearly all involved felt that 10% was far too low for adequate representation of viable biological diversity across The Bahamas.  Some habitats are rarer, more fragile, more species-rich or more important for particular species of conservation concern and may therefore need greater protection. Others have high relative importance for natural resource use (e.g. timber, fisheries, tourism) and for environmental services (e.g. water supplies, coastal protection). In response, more specific goals were developed for each target based on an assessment of key ecological attributes. For more information on target specific goals, see Appendix 2 of this report. These goals can be refined in future iterations of the project as partners and stakeholders see fit.
Data-gathering and development: 
GIS data on key habitats and species was obtained from in-country sources, through contracts with universities specializing in GIS, from researchers, and developed internally (Table 1). Data was developed using four main approaches: 
1) Remote sensing using field data points of various habitat types and Landsat imagery.
2) Mapping of a species habitat using surrogate data (ex. bathymetry and slope). This enabled us to extrapolate findings about a species, such as cetaceans, from a smaller area, and apply it across the Bahamas archipelago.  As more research takes place the parameters can be refined and results ground truthed. 
3) Digitizing information directly from 1970’s lands and survey’s topographic maps. This information is somewhat outdated but the best Bahamas wide information available at this time. Where we had updated information, for the islands of Grand Bahama, Abaco, and Andros, we included it. 
4) Using expert derived data. For example, Important Bird Areas were identified through a BNT workshop and birds/areas ranked in order of importance based on IBA criteria (restricted range, global concern, etc.)

Information on current national park boundaries and management was provided by the Bahamas National Trust and based on their deeds and leases for the national parks (Map 2).
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	Targets
	Data Source

	Freshwater Targets
	 

	Points
	 

	Blue Holes
	Department of Lands and Survey Topographic maps (1970), Landsat 7 imagery interpretation (2000), local knowledge.

	Karst Caves
	Adam & Lindsey Walker; John Mylroie, Mississippi State University (2006).

	Polygons
	 

	Groundwater Lens
	U.S Army Corps of Engineers, Water and Sewerage Corporation (2002).

	Inland water
	Department of Lands and Survey Topographic maps (1970). 

	Marine Targets
	 

	Points
	 

	Seabird nesting
	Dr. Jim Kushlan and Dr. Will Mackin, University of North Carolina.

	Spawning aggregations (Grouper)
	The Nature Conservancy, local knowledge

	Sea turtle nesting & foraging
	WIDECAST; Karen Bjorndal & Alan Bolten, University of Florida.

	Polygons
	 

	Seagrass (sparse, medium, dense)
	University of South Florida interpretation of Landsat 7 imagery (2005).

	Mangroves
	Department of Lands and Survey Topographic maps (1970) and Landsat 7 imagery interpretation (2000).

	Sand
	University of South Florida interpretation of Landsat 7 imagery (2000).

	Tidal creeks
	Department of Lands and Survey Topographic maps (1970) and Landsat 7 imagery interpretation (2000).

	Reef flat
	Millennium Mapping Project - Dr. Serge Andrefouet, University of South Florida (2005).

	Non-reef flat
	Millennium Mapping Project - Dr. Serge Andrefouet, University of South Florida (2005).

	Coral walls 30-200
	Regional data from 1km World Resources Institute bathymetry (2000).

	Coral walls 200-1000
	Regional data from 1km World Resources Institute bathymetry (2000).

	Marine Mammals
	OBIS points provided by Diane Claridge, Bahamas Marine Mammal Project and modeled from bathymetry data.

	Lines
	 

	Rocky shore
	Department of Lands and Survey Topographic maps (1970) and Landsat 7 imagery interpretation (2000).

	Sandy beach
	Department of Lands and Survey Topographic maps (1970) and Landsat 7 imagery interpretation (2000).

	
	

	Terrestrial Targets
	 

	Polygons
	 

	Coppice
	Department of Lands and Survey Topographic maps (1970) and Landsat 7 imagery interpretation (2000).

	Pine Forest
	Department of Lands and Survey Topographic maps (1970) and Landsat 7 imagery interpretation (2000).

	Shrub/scrub
	Department of Lands and Survey Topographic maps (1970).

	Iguanas
	Terrestrial Vertebrates Management Strategy Report (2000).

	Important bird habitat
	Important Bird Areas, Bahamas National Trust.


Numerous criteria helped to determine whether datasets were adequate to include in the analysis. Some targets proposed by project partners were not incorporated because the data failed in one of the following areas:
1. Does data exist for the target and if so, can we obtain it?

2. Does the data cover the entire study area?

3. Is the data sufficiently current?

4. To what level are we confident in the accuracy of the data?

5. If it doesn’t exist, can we use other datasets as surrogates for modeling?

After a final database was compiled, the data were shown through real-time GIS displays at a TNC-led review session in The Bahamas. Representatives from the BEST Commission, College of The Bahamas, The Bahamas National Trust, Department of Marine Resources, and university researchers were in attendance. Data sets were also sent to researchers, not based in The Bahamas, but with expertise on a particular biodiversity target for review. Data revisions were made as appropriate, and were later incorporated into the GAP analysis through hand-digitizing. 

Analysis
Three types of stratification units were used in the analysis for the cross-shelf zonation: nearshore, shelf, and offshore. These units ensure that biodiversity targets are represented throughout the islands.  
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Nearshore is defined as a buffer 100 meters seaward of the coast while connecting to islands/cays within 3km and enclosing bays with less than a 6km opening (Map 3). 
Shelf units were first set out by Sealey to attempt to divide the sprawling archipelago into units based on water currents, connectivity, bottom type and island juxtaposition. The seaward extent of the shelf is roughly the 200 meter isobath. These units were further edited by TNC to reflect new information received on connectivity processes on large banks and to incorporate the latest benthic habitat maps (Map 4). 

Offshore stratification units were used to divide the open ocean and capture any targets that had occurrences beyond the shelf (Map 5).
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The GAP analysis was completed by intersecting all of the stratification units and protected areas into one master file. Each target was then analyzed within each unique stratification unit; both inside and outside of protected areas. Polygon targets were analyzed using areas, points with number of occurrences, and lines with total lengths. Each of these metrics was then converted to a percentage protected and compared to the previously determined goals. A GAP score was computed by subtracting the calculated percentage protected from the goal.  Thus, a positive GAP score is a target that is below the goal and a negative score is exceeding the goal. 
Results

Results from the first phase of the GAP analysis are presented at both The Bahamas-wide and the offshore shelf unit scale. 
The Bahamas wide results (Figures 1-3) provide an overall picture of the current level of protection major habitats and key species receive from the existing protected area system. Terrestrial and freshwater targets generally receive better protection than marine targets. However, most targets still do not meet minimum CBD 10% protection goals. Mangroves, tidal creeks, and seabirds were the only biodiversity targets to exceed the minimum CBD goal of 10% protection, but still failed to meet the higher target specific conservation goals. Interestingly, those targets that are of greatest importance to the national economy such as groundwater, beaches, mangroves, spawning aggregations, and reef receive little to no protection.
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Results were also analyzed by major shelf unit, in order to provide a picture of how well biodiversity targets were protected across The Bahamian landscape. In order to capture genetic variation and protect against unexpected losses, it is important to aim for redundancy in examples of species, habitats and ecosystems within a protected area as well as throughout a protected area system. These results are provided in Appendix 3 of the report. Some general conclusions from these results are as follows:
· Important bird areas are the most well represented target across The Bahamas.

· The habitats that fall within the current protected areas may not be the most suitable areas for the protection of key species or unique features such as birds, iguanas, caves or ground water systems due to their location or extent.

· All major habitat types (marine, terrestrial and freshwater) in the southern and central Bahamas, with the exception of areas on Inagua, currently receive minimal to no protection or conservation attention.

· The Berry Islands, Bimini, Cay Sal, Long Island, and the Southern Bank are critical areas for marine resources, and none of these areas currently receive any form of protection.
· Inagua is the only island that exceeds both CBD and target specific goals for tidal creeks, rocky shore, seabirds, and mangroves. Inagua also meets CBD goals for beach, seagrass, turtles, reef, sand, inland water, blue holes, coppice, shrubland, and important bird areas. 

· New Providence does not offer protection for any coastal/marine targets. Protection is solely focused on birds, mangroves, and tidal creek habitat. The lack of protection of most targets in New Providence combined with its high development pressure makes this island the most threatened.
· The only target on San Salvador that meets minimum CBD protection goals is seagrass. Reef and non-reef flats receive minimal protection, although they fall short of the CBD minimum goal. The terrestrial environment currently receives no protection. The protected areas proposal submitted by BNT to the government would provide sufficient protection to important habitats and species identified in this analysis.

· Current marine protected areas do not provide adequate connectivity between reef and nearby mangrove nurseries areas. Reefs with high mangrove connectivity have been shown to have a greater biomass of several fish species.

· Terrestrial habitat protection is concentrated on a few main islands, Abaco, Andros and Inagua. The minimum 10% goal for pine forest is met on Abaco and Andros, while coppice is protected at 7% on average. 31% of Inagua’s coppice forest is currently protected.

· Dry Broadleaf Evergreen Forest (coppice) is under represented even though it is the most diverse terrestrial habitat found in the Bahamas. The largest contiguous tracts of this habitat can be found in Southern Andros and Southern Abaco.

· Locally important groundwater supplies currently receive no protection. The primary focus of groundwater protection has been on regionally significant supplies in Andros and Abaco, which are also important, but create a greater dependency on imported sources of freshwater or reverse osmosis technologies. Protection of locally important groundwater supplies should be considered on other islands.
While the first phase of the GAP analysis has identified shortcomings in the current protected areas system of The Bahamas, it stops short of providing recommendations for how to move toward achieving biodiversity conservation targets.  Phase II of the GAP analysis, described in Part II of this report, takes the analysis a step further to identify high priority areas for potential expansion of the current protected areas system. 

PHASE TWO: Filling the Ecological Gaps
Because the current protected areas system of The Bahamas fails to sufficiently protect most of the biodiversity targets identified through the GAP analysis, The Conservancy and our partners have also undertaken further analyses to help identify and prioritize additional areas that may deserve conservation action. 
Due to the large extent of the study area and the number, size and diverse types of datasets describing the biodiversity targets, manual mapping and prioritization based on expert opinion alone would be insufficient, because few experts can speak to the entire extent of The Bahamas archipelago. Therefore, the use of a more systematic and efficient site selection software program known as MARXAN was chosen to support this analysis. This tool was developed by The Ecology Centre of the University of Queensland and the Great Barrier Reef Marine Park Authority for designing representative networks of marine protected areas. 
MARXAN provides decision support for teams of experts choosing between numerous biodiversity targets and thousands of possible areas. The program works to find reasonably efficient solutions to the problem of selecting a system of spatially cohesive sites that meet a suite of biodiversity target conservation goals, while ensuring for efficiency, representativeness of species and habitats, and an assessment of vulnerability to threats. The output can be used as a tool to help decision makers come to an ecologically, socially and politically acceptable protected areas system design, as part of the country’s larger master planning process for protected areas.
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Inputs
The MARXAN program allows for the input of numerous variables and can present the results in a number of ways.
Portfolio Assembly: 
The first step involves spatially defining an outer boundary for the study area. For the purpose of this MARXAN analysis, we used The Bahamas exclusive economic zone boundary (Map 6). 
The next step was to divide the study area and biodiversity targets by the offshore stratification units (Map 5) which are based on benthic habitat, water currents, shelf extent, and location of islands. The purpose of including these stratification units in the MARXAN analysis was to ensure sufficient distribution and redundancy of targets across The Bahamian archipelago.
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The entire study area, as well as all of the biodiversity target datasets, was then divided into a set of planning units. In this case the size of the (hexagonal) planning units was set at 2 km sided hexagons (Map 7). Uniformly sized and shaped planning units allow for consistency in data comparison across the study area, including both terrestrial and marine realms. With these planning units, MARXAN is then able to identify which planning units can be used to meet the conservation goals. 
Human Impacts – MARXAN Cost Surface:

With MARXAN, it is also possible to encourage the selection of planning units with lower levels of human impacts over those with higher levels of impacts, when other factors are equal.  In order to do so, a ‘cost’ surface was developed for the study area by mapping and combining information on individual human activities, which have the ability to alter a landscape (agriculture, roads, and other infrastructure) (Map 8). The rate of intensity and distribution of these features was also considered. The cumulative human impact index (cost surface) was then assumed to be a surrogate for the cost of implementing conservation in a given planning unit, or the likelihood of success of those strategies and the probability of more impacted biodiversity targets. Low cost areas are favored over those of higher cost with comparable biodiversity value. This approach should also lead to selection of areas that are more likely to contain viable examples of targets.  
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Spatial Clustering: 
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One important variable in the MARXAN analysis is the “boundary modifier.” This boundary modifier dictates the “clumping” of conservation targets. In other words, a tight clumping would result in fewer but larger selected areas giving a reduced boundary effect. A looser clumping would result in more selected areas that are not necessarily linked. The level of spatial clustering has to be suitable for the purposes of protected areas management (i.e. too many small protected areas would be difficult to manage given limited resources, just as one large area the size of Andros would be unrealistic given competing development priorities). Finding the balance between a portfolio that contains a reasonable number of selected planning units and an appropriate level of fragmentation was our biggest challenge. Therefore, several scenarios were tested to allow for the identification of a reasonably connected portfolio of sites.
MARXAN Analysis
The MARXAN program implements a ‘simulated annealing’ site optimization algorithm. In order to design an optimal reserve network, each planning unit is examined for the values it contains.  The features within one planning unit may be valuable alone but may not be the best choice overall, depending on the distribution and replication of those features in the wider planning area.  
During the procedure, an initial portfolio of planning units is selected.  Planning units are then added and removed in an attempt to improve the efficiency (total number of planning units selected) of the portfolio.  Early in the procedure, changes in the portfolio that do not improve efficiency can be made in order to allow the possibility of finding a more efficient overall portfolio. The requirement to accept only those changes that improve efficiency becomes stricter as the algorithm progresses through a set of iterations. Many runs (iterations) of the algorithm are used to find the most efficient portfolio that meets the established conservation goal. We also ran over 30 scenarios based on the 10%, 20%, and biodiversity target specific goals mentioned earlier in this report.  In each scenario, we made slight adjustments; selecting a different goal, boundary length modifier, or including/excluding existing protected areas from the analysis. Some scenarios opted for making site selections irrespective of the existing protected areas system, while in others we used a “locked” option which requires the program to select biodiversity targets from within the existing PA system first, before it starts locating the best position for the “left over” conservation goals.
MARXAN Results
Protected Areas Locked In vs. Not Locked In:

The first set of MARXAN results show the best outputs in order of increasing % goal and with existing protected areas locked into the analysis (Map 9,10, & 11). The “locked” option is particularly interesting as a surrogate “gap analysis”. Just like the gap analysis described in part one of this report, MARXAN first selects and calculates the total amount of biodiversity targets within the existing protected area system. It then takes the analysis one step further by presenting an optimal placement of additional protected areas for covering the ecological gaps. 

The outputs with existing protected areas locked in, however, were less efficient.  This means that more total area would be needed to meet the conservation goal, than those results without consideration given to existing protected areas (Maps 12, 13, & 14). This “No lock” version is interesting because it indicates the “best” placement of protected areas. It also indicates areas in the existing park system that may be less critical for conservation (based on the identified biodiversity target percentages in the gap analysis). These areas may instead provide other values, such as easy access for recreation or science education; and therefore it is unnecessary, and probably undesirable for these areas to be removed from the existing national park system. 
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[image: image54.wmf]GAP Results for Marine Biodiversity: San Salvador
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Priority Areas:
After performing 200 runs on 30 different scenarios, the general areas outlined in red on Map 15 were selected at least 50% of the time. It should be noted that these general areas often varied in total size (total number of planning units selected), but the core areas all found within the red outline were consistently selected. The areas outlined in red primarily included a variety of terrestrial, freshwater, or near-shore biodiversity targets. The areas outlined in blue on Map 15 show very general offshore marine areas that kept emerging in the analysis. These areas were selected less often than those in red, and the entire area outlined in blue was never chosen at once, just some portion of it (i.e. no core area). Due to the great extent of offshore marine area in The Bahamas archipelago and fewer parameters to distinguish the relative importance between these marine areas, the MARXAN program often selected different priority offshore marine areas in each scenario output. With that being said, the areas outlined in blue still represent important areas for marine connectivity in The Bahamas archipelago (migration of marine mammals, fish and larval distribution) and should not be overlooked.

Planning units chosen more frequently may contain biodiversity targets with restricted distribution, making the unit necessary (more ‘irreplaceable’) to meet some of the conservation goals. Whereas, those areas chosen fewer times are likely to be more flexible- represent locations containing biodiversity that can be found in other places. Flexibility does not mean that these areas are less important, but simply means there are more options, in terms of locations, to choose from that meet the goal. 
As it is unlikely that comprehensive implementation of all conservation areas could happen at once, measures of ‘irreplaceability’ (the frequency with which a site is chosen) can guide and help prioritize where actions should occur first and identify areas of relatively higher biological value to achieve the desired goals based on target abundance, human impact and spatial configuration.
For additional descriptions of the priority areas identified in blue or red, please refer to Appendix V.
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Conclusion

These GAP and MARXAN analyses represent the first stage in developing a representative protected areas network for the country. The primary goal of The Bahamas GAP analysis was to determine where the existing protected area system falls short of protecting the nation’s biodiversity. The gap analysis does not produce a precise plan that can be followed, but simply aims to provide information on the current status of biodiversity protection, which can feed into an overall master plan for the country’s protected areas.
The MARXAN analysis is meant to build upon the results of The Bahamas GAP analysis. It provides a systematic science-based process and series of outputs that can help practitioners and decision come to an ecologically, socially and politically acceptable Protected Areas System design. 

It must be recognized that MARXAN is highly sensitive to changes in the ‘biodiversity features’ that are used. Although the MARXAN analysis presented in this report incorporated many biodiversity features, there is always room for improvement. New data should be routinely incorporated into existing datasets and made available for any decision making. If data is modified, for instance to reflect better information or to take new issues into account, the results can be very different. Furthermore, any change in status in one location (e.g. reservation or de-reservation) will have repercussions elsewhere. It is a powerful and flexible tool but it needs to be used regularly. 
The GAP and MARXAN analyses presented in this report suggest that the current protected area network does not adequately protect the nation’s biodiversity and highlights the following specific issues:

· Efforts are needed to extend protected area status (or to put in place other effective conservation measures) for those biodiversity targets that are under-represented and especially for those that are not represented at all. 
· The most significant gaps lie in the near and offshore marine environment (ex. coral reef, spawning aggregations, cetaceans, seagrass, and sand). These biodiversity targets are critical to sustaining the national economy- tourism, commercial and sport fishing. 

· Data on The Bahamas near and offshore marine environment is less detailed and specific characteristics are very poorly known. This should be a priority area for additional scientific research. 
· If a biodiversity target meets minimum CBD goals it is primarily through the protection of one or two areas. There is a lack of target representation across The Bahamas (ex. beach, coppice, and tidal creeks). Additional protected areas should be placed throughout the central and southern Bahamas to ensure greater representation and redundancy. 

· Establishment of protected areas in the following localities would contribute significantly, both in biodiversity coverage and in maintaining connectivity. Although to ensure complete representation of all biodiversity targets, please refer to MARXAN results in part 2 of this report.
· Grand Bahama (eastern cays and offshore marine area extending towards Abaco)

· Abaco (eastern reef and near shore environment (seagrass, mangroves) extending from Pelican Cays to Cherokee Sound)

· Northern Bimini (eastern half of sound, including near and offshore marine environment)
· South Andros (pine forest, coppice ridge and string of blue holes) 
· Northwest Andros (tidal creeks, nursery areas for priority marine species)
· San Salvador (northern reefs and offshore cays)

· Long Island (northern coastline to offshore SPAGs)

· Cay Sal Bank (coral reef, beaches for sea turtle nesting)
· Many areas selected as priority sites are likely held in private ownership. In order to fill gaps in coverage and create functional biological corridors, non-traditional forms of protection should be explored, such as private protected areas, community run protected areas or conservation easements.
· Valuable contributions in protected area coverage can be made by extensions to existing protected areas or proposals for the creation of new ones. In principle, however, extensions to the National Protected Area System should only be made where technical assessment shows a significant improvement to system functionality, such as in the case of Andros and southern Abaco. Exploring alternative management scenarios at these sites, such as multiple-use zoning, or non-traditional forms of protection (as mentioned above) may help to ease public concern and make protected areas more attractive.

Appendix I: Target Definitions
	Targets
	Data Source

	Freshwater Targets
	 

	Blue Holes
	A blue hole is a submarine cave or sinkhole that develops in carbonate banks and islands. They are open to the earth’s surface; contain tidally influenced waters of fresh, marine, or mixed chemistry; extend below sea level for a majority of their depth; and may provide access to cave passages.

	Karst Caves
	Karst is a distinctive topography in which the landscape is largely shaped by the dissolving action of water on carbonate bedrock (limestone). Karst cave features found in the Bahamas include flank margin caves, karren, pit caves, banana holes, and cone karst. Karst ecosystems often support unusual or rare plant and animal species.

	Groundwater Lens
	Freshwater lenses form when rainwater seeps through the porous limestone substrate and upon reaching the water table, it slowly spreads outwards toward the sea, or, downwards to mix with saline water. Freshwater is less dense than the saline seawater and will float on top of it within the pores of the rock. The rock acts as a reservoir for the freshwater and impedes its movement and therefore mixing of freshwater with salt water. This layer of freshwater derived from rainfall is known as a lens, due to its lens-like shape. Ground water supplies are developed from these freshwater aquifers when they yield water in sufficient quantities to be economically useful.

	Inland water
	A lake or other body of seasonally fresh to hyper-saline water not bordered by the sea. 

	Marine Targets
	 

	Seabird nesting
	Known seabird nesting sites in the Bahamas, including the Audubon shearwater, White-tailed Tropic bird, Brown Pelican, Crested Cormorant, Magnificent Frigate bird, White Ibis, Great Egret, Tri-color Heron, Red Egret, Great Heron, Black crowned night Heron, Laughing Gull, Royal Tern, Least Tern, Bridled Tern, Sooty Tern, and the Brown Noddy.

	Spawning aggregations 
	Locations where Nassau groupers gather for the purpose of spawning. Fish densities or numbers will be significantly higher than those found in the area of aggregation during the non-reproductive periods. 

· SPAG modeled - geomorphic model using physical metrics of shelf edge (shape, length). 

· SPAG-Unvalidated-1 - anecdotally known SPAGs from fisherman or other in water people 
· SPAG-Validated-2 - sites known to have spawning fish through either catch records or scientific diving on sites 

· SPAG-Validated-3 - sites published in journals with documented in water spawning.

	Sea turtle nesting 
	Beaches where sea turtle nesting is known to occur.

	Sea turtle foraging habitat
	Preferred seagrass habitat where sea turtles are either known or predicted to spend a part of their life cycle foraging.

	Dense Seagrass
	This habitat is dominated by the seagrass Thalassia, also called Turtle Grass, but may contain the tube-like seagrass Syringodium. Dense Seagrass habitats have density and a low amount of visible sand and silt. 

	Medium Density Seagrass
	This habitat is dominated by the seagrass Thalassia, also called Turtle Grass, but may contain the tube-like seagrass Syringodium and the thin-bladed seagrass Halodule. Occasionally one also finds small coral colonies within the seagrass. Medium Density Seagrass habitats have medium biomass (medium plant height, medium density) and a medium amount of substratum is visible, when compared to Dense and Sparse Seagrass. This habitat is found in lagoonal environments.

	Sparse Seagrass
	This habitat is dominated by the seagrass Thalassia, also called Turtle Grass, but may contain the tube-like seagrass Syringodium and the thin-bladed seagrass Halodule. Occasionally one also finds small coral colonies within the seagrass. Sparse Seagrass habitats have relatively low biomass (short plants, low density) and a high amount of substratum is visible. This habitat found in lagoonal environments where sediment is deep enough for the seagrasses to take.

	Mangroves
	Mangrove trees grow in shallow, brackish waters along coasts and up creeks of Bahamian islands. Their roots provide nursery habitat for many important fish species. Mangroves in and around estuaries also trap sediments that might otherwise flow onto reefs and smother corals to death.

	Sand
	This habitat includes both clean sand and sand with a sparse algal community. It is found in lagoonal areas and near reefs.

	Tidal creeks
	Wetlands situated in channels where water flows both directions due to the tides.

	Reef flat
	All geomorphic reef types occurring on the shelf in less than 20m of water.

	Non-reef flat
	All geomorphic reef types occurring on the shelf break in 20-30m of water.

	Coral walls 30-200
	Coral reef face which plunges from 30-200 meters.


	Coral walls 200-1000
	Coral reef face which plunges from 200-1000 meters.


	Marine Mammal habitat
	Habitat modeled from Blainville beaked whale, dwarf sperm whale, and Cuvier’s beaked whale sightings data and bathymetry (all slopes between 7 and 10 degrees and depths from 400m to 1700m).

	Rocky shore
	Consolidated sediments, typically porous grey or black rock. There are distinct zones up from the water line starting with the rocky shore, bluff and ridge.  The rocky shores can be low relief (less than 4 meters from mid tide line to ridge) and high relief (greater than 4 meters).

	Sandy beach
	Unconsolidated shorelines which, depending on wave energy can vary in width and height of the dunes. Shore profiles on beaches begin at the high tide mark, and are characterized by distinct zones.  Starting from the water, there is a sparsely vegetated pioneer zone, a grassy or shrubby foredune, back dune, and then swale.

	Terrestrial Targets
	 

	Coppice
	A dry broad leaf evergreen formation (otherwise known as “coppice”) is by far the most diverse terrestrial habitat found in the Bahamas. Different types of coppice can be found throughout The Bahamas due to the variability resulting from differing environmental conditions affecting the vegetation structure and floristic composition. Blackland coppice are located on higher elevations or ridges. The flora of the DBE forests is mainly broadleaved angiosperms, although some areas have scattered pine. The canopy is closed and typically 5-12 meters high. Whiteland coppice occurs at a lower elevation and the canopy is not closed in the woodland, but is characterized as having scattered patches of emergent trees with interspersed shrubs. 

	Pine Forest
	Pinus caribaea var. bahamensis (Bahamian Pine) is a variety of Caribbean pine occurring in the northern Bahamas (Andros, Abaco, Grand Bahama, and New Providence).  Bahamian Pine is distinguished from other Caribbean pine as having smaller seeds with a completely detachable wing, smaller cones, seedlings with brighter green needles, early formation of secondary needles that are longer and coarser, fascicles primarily of three’s, as well as slower growing seedlings that are bushier.  Caribbean pinelands are called "fire climax communities" because they depend on fire to remove the shading broad-leafed understory to take hold and replace the adult trees as they die off. 

	Shrub/scrub
	Shrublands are located inland from the beach strand or coastal rock communities. The substrate is a mixture of rocky limestone, sand, or a mixture of the two. Shrubland canopy is 2-4 meters tall. Dwarf shrubland areas are highly influenced by wind and the location of the water table. High winds prune the branch tips and roots are limited by the water table being so close to the surface. Both of these

environmental influences do not allow the plants to grow into shrubs and trees. 

	Iguanas
	There are three known species – Cyclura cychlura, Cyclura carinata, and Cyclura rileyi – and seven subspecies of Rock Iguanas (large lizards) in The Islands of The Bahamas. The largest populations can be found in small isolated areas where predators like wild hogs, feral cats and dogs are not a threat to them. Subspecies of Rock Iguanas are found on Andros, San Salvador, Acklins, Mayaguana, and in the Exuma Cays.

	Important bird habitat
	Sites identified by regular birders and ornithologists that regularly hold significant numbers of a globally threatened species, other species of global conservation concern, or hold a significant component of the restricted range species whose breeding distribution can be defined as an Endemic Bird Area (EBA) or Secondary Area (SA). In the Bahamas Endemics are: Bahama Woodstar, Bahama Swallow and Bahama Yellowthroat . Other species of concern: Bahama Mockingbird, West Indian Whistling Duck, Bahamas Parrot, Olive-capped Warbler, West Indian Woodpecker, Kirtland's Warbler, Brown-headed Nuthatch and the Piping Plover.


Appendix II: Biodiversity Target Specific Conservation Goals

Four key ecological attributes were used to evaluate the overall viability of each biodiversity target and develop target specific conservation goals. Descriptions of the key ecological attributes are provided below. These key ecological attributes were evaluated for each target using a 1-3 ranking system. Scores for each key ecological attribute were then combined for a total score in order to provide an overall measure of biodiversity health. This measure was used as the basis for conservation goal setting in this analysis.

Conservation goals are established in order to ensure both adequate representation and quality of each conservation target within the high-priority areas identified. Quality will often require some minimum size (population) or area for long-term viability.

Representation requires examples of conservation targets across the range of environmental conditions in which they are normally found. With adequate representation and quality, conservation targets should be able to persist in the long-term.

Goals were calculated as a percentage of the distribution (hectares, meters, etc.) of each target. Percentages indicate how much representation each target should have within the network of high-priority areas identified, but these percentages were also scaled depending on the precision and degree of scientific validation for the spatial data representing the targets.

Landscape Context: Landscape context includes such aspects of ecosystems as extent, age, biological composition, structure, ecological processes, and juxtaposition with other land cover types and land uses. Landscape condition determines, in part, the ability of ecosystems to sustain themselves, as well as respond to human needs. In order to evaluate landscape context the following was considered: Are populations connected or isolated from each other? Are habitats relatively intact? Do they allow for the persistence of ecological processes and environmental regimes (ex. tidal flow, fire, breeding, seed dispersal, migration)? (3 = more intact/connected- 1= less intact/connected)

Degree of rarity: Degree of rarity emphasizes the importance of maintaining concentration centers and hot spots of biodiversity and species rarity and endemism. In order to evaluate rarity the following was considered: How abundant, rare, or endangered are these habitats and species? (3= more rare- 1= more common)

Current status as compared to historic: Comparing current to historic status provides a way to measure the degree of change in the extent or number of occurrences of a particular habitat or species. For this analysis, the 1970’s topographic maps and expert opinion was used to assess historic status. In order to evaluate status the following was considered: What is the estimated rate of loss of this habitat or species? (3= higher estimated rate of loss- 1= lower estimated rate of loss)

Vulnerability to human activities: The vulnerability of a conservation target to a particular human activity can be determined by the severity, scope and the immediacy of the activity. Human activity may be direct (e.g., destruction of habitat) or indirect (e.g., invasive species introduction) and may be especially important when the conservation target is concentrated in one location or has few occurrences. In order to evaluate vulnerability, the following was considered: What extent of the targets distribution is likely to be affected by the human activity? Do these habitats or species migration routes, nesting, or feeding areas coincide with areas currently used/ or areas being targeted for use by humans (ex. fishing, coastal development, hunting)? How likely is the habitat or species to recover? (3= more vulnerable, 1= less vulnerable)

	CONSERVATION TARGETS
	Landscape Context
	Degree of Rarity
	Current vs. Historic Status
	Vulnerability to Human Impact
	Total
	Goal  (%)

	Habitats
	
	
	
	
	
	

	Caribbean Pine
	3
	1
	2
	2
	8
	25

	Dry Broadleaf Evergreen Forest (Coppice)
	3
	1
	2
	3
	9
	30

	Scrub Shrub
	3
	1
	2
	2
	8
	20

	Groundwater: National Importance
	3
	2
	2
	3
	10
	35

	Groundwater: Local Importance
	2
	2
	2
	3
	9
	30

	Karst Caves
	3
	2
	1
	2
	8
	20

	Blue holes
	3
	2
	2
	3
	10
	35

	Inland Water (lakes, ponds)
	3
	1
	2
	2
	8
	25

	Wetlands (Mangroves & Estuaries)
	3
	1
	2
	3
	9
	30

	Tidal Creeks
	3
	1
	2
	3
	9
	25

	Rocky Shore
	3
	2
	2
	1
	8
	25

	Sandy Beach
	2
	2
	2
	3
	9
	30

	Sand
	3
	1
	1
	1
	6
	20

	Seagrass: Sparse
	3
	1
	1
	1
	6
	20

	Seagrass: Medium
	3
	1
	1
	1
	6
	20

	Seagrass: Dense
	3
	1
	1
	1
	6
	20

	Non-reef Flat
	3
	1
	2
	2
	8
	25

	Reef Flat
	3
	1
	2
	2
	8
	25

	Coral Walls (30m-200m)
	3
	1
	1
	1
	6
	20

	Coral Walls (200m-1km)
	3
	1
	1
	1
	6
	20

	Species
	
	
	
	
	
	

	Spawning Aggregations (Grouper- modeled)
	2
	2
	2
	3
	9
	30

	Spawning Aggregations (Unvalidated 1)
	2
	3
	3
	3
	11
	50

	Spawning Aggregations (Validated 2)
	2
	3
	3
	3
	11
	50

	Spawning Aggregations (Validated 3)
	2
	3
	3
	3
	11
	50

	Cetaceans
	3
	2
	3
	2
	10
	20

	Turtle Foraging Habitat
	3
	2
	3
	2
	10
	20

	Turtle Nesting Beaches
	2
	3
	3
	3
	11
	30

	Seabirds
	2
	2
	3
	3
	10
	30

	Important Bird Areas
	2
	3
	3
	3
	11
	50

	Rock Iguanas
	2
	3
	3
	3
	11
	50


Appendix III: GAP Results by Offshore Stratification Unit
WESTERN LITTLE BAHAMA BANK
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ABACO
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INAGUA AND MAYAGUANA
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Appendix IV: Biodiversity Target Maps
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Appendix V: General Priority Area Descriptions and Map

[image: image34]
1. Marine Area surrounding Great Sale Cay, Pigeon, Gully Cays, and Cross Cays to the South (cays off the western tip of Little Abaco). Primary Targets: Seabird nesting areas on cays, sea grass, sand (conch habitat), inner edge of reef.

2. Marine Area runs from Great Guana Cay to Cherokee Sound. One portion or another of this general area was chosen in every Marxan output. Primary Targets: Coral reef system, offshore cays, seabird nesting, spawning aggregations for snapper and grouper (10 locations identified), flow from creek system and protected harbours out to reef to capture fish habitat throughout the various life stages.

3. Area includes two important offshore spawning aggregations found off Hope Town and Little Guana Cays. Area shows up in most Marxan outputs.

4. Area includes a portion of Tiloo, Pelican Cays, Little Harbour and Cherokee Sound. Same area and targets as what was identified in # 2- this portion of #2 was just identified more often in the analysis. Primary Targets: Important for juvenile conch and finfish.

5. Creek Systems in eastern Grand Bahama from Thomas Town and south east.

6. Marine area runs from Grand Bahama creek systems to Sandy Point, along the reef and bank. One portion or another of this general area was chosen in every Marxan output. Important area for connectivity and exchange of marine biodiversity. Primary Targets: Dolphins and other marine mammals, lobster, conch, SPAG, coral reef (soft and hard coral), sand, seagrass, finfish.

7. Area includes areas most of southeast Abaco south of crossing rocks including the entire Abaco National Park and areas to the west. Some Marxan runs also included areas to the south including the southeastern point and near shore marine habitat (known spags and distribution of larvae with current up to the area around Cherokee sound where they settle). Primary Targets: Pine, Coppice, Important Bird Areas, and especially the parrot feeding and nesting habitat.

8. Area includes Great Harbour cay and surrounding area in the Berry Islands. Primary Targets: spawning aggregations, coral reef, seagrass and sandy bottom habitat.

9. Includes Hog, Chub, and Fish cays and marine areas to the east. Every time we increased the goal in Marxan the marine area between 8&9 were also selected. Primary Targets: Seabird nesting, cetacean habitat, SPAGs, coral reef and coral walls, seagrass, sand.

10. Includes cays south of Cat cay and surrounding marine habitat. This area was chosen over northern Bimini areas 90% of the time, although unsure as to exactly why since north Bimini as more targets represented. Primary Targets: Seabird nesting sites, coral reef, and cetacean habitat.

11. Includes western and southern portions of Cays Sal. Primary Targets: beaches, spawning aggregations, seabird nesting sites, important turtle nesting beaches, soft coral, coral walls, marine mammals, pelagics, important area for larval transport of finfish.

12. Includes the area between including/between Stafford and Fresh Creek, areas west to Owens Town and east to the outside of the barrier reef. Primary Targets: blue holes (large concentration), deep freshwater lens, 2 major creek systems/juvenile fish habitat, conch habitat, coral reef, coral wall, important bird areas, coppice, and pine.

13. Includes North and Middle Bight as well as creek system within the current west-side park and marine areas west. Portions of this area were chosen in most outputs and recognize connectivity of creek system. Primary Targets: all marine species and habitats associated with tidal creeks, as well as flamingo feeding areas, areas important to sport and commercial fish species, turtles, and sharks.

14. Includes the eastern portions of South bight and cays and the eastern portion of south andros south to Deep Creek. This area was chosen less frequently and when less area along north and middle bight was selected. Primary Targets: coppice habitat and interconnected system of blue holes. 
15. Includes the area around Williams Island, important for sea turtles.

16. Marine Area runs from Williams Island to South Bight. One portion or another of this general area was chosen in every Marxan output. Primary Targets: fish nursery habitat, mangroves, bonefish and tarpon habitat, turtle foraging areas, soft coral, and shark nursery areas. Would likely refer to REA results for this area as they are more detailed.

17. Includes southern most portions of the barrier reef down to Dolly Rock. Primary Targets: seabird nesting on offshore cays, patch and platform coral reef, coral walls, two grouper spawning aggregations and healthy coral reef populations both inshore and along the barrier reef. This is a critical source area for conch, crawfish, and grouper. 

18. Some portion of this very general South Andros offshore marine area was chosen in every Marxan portfolio. More research would be needed to better pinpoint important offshore marine areas in the south and southwest of Andros- including a better look at current, bottom composition, larval distribution from west to east, etc. 

19. Includes coppice areas around southwest New Providence, the southern wetlands to bonefish pond, and coral reef areas out to Goulding cay.
20. Includes Salt cay and surrounding marine areas. Primary Targets: seabird nesting site, patch reef, and two spawning aggregations.

21. Some portion of the marine area between Allans Cay in the North to the southern Exuma Cays Land and Sea park boundary was chosen in every Marxan output. Primary Targets: seabird nesting sites, iguanas, coral reef, sand, seagrass, spawning aggregations, beaches, coppice, and marine mammal habitat.

22. Includes the area north of the Great Exuma airport, southern Exuma cays up to Adderly Cay just north of Lee Stocking Island. Primary targets: mangrove/wetlands, fish nursery habitat, bonefish flats, beaches, coppice, sand and seagrass, coral reef, caves, and blue holes.

23. Includes to spawning aggregations offshore of Palmetto Point.

24. Areas generally selected were South of Cotton Bay on southeast Eleuthera and marine areas east to Cat Island. Primary Targets: spawning aggregations, seabird nesting on Little San Salvador, coral reef, beach, rocky shore, coppice, and important bird area.

25. Area to the south of old bight on Cat Island. Primary Targets: inland lakes and wetlands which provide habitat for many different bird species, including the West Indian whistling duck. Area also includes coppice, caves, sandy beaches, and coral reef offshore.

26. Includes area from Cape Santa Maria to Millerton as well as marine area to the east. Primary Targets: blueholes, caves, coppice, spawning aggregations, rocky shore, important bird area, and coral reef.

27. Includes area from Mortimer to offshore of Cape Verde. Primary Targets: blueholes, caves, coppice, spawning aggregations, rocky shore, important bird area, and coral reef.

28. Includes northern coastline and all the area identified as Graham’s Harbour & Cays in proposed national park areas on San Salvador map.

29. Includes areas from Sugar loaf settlement south. Primary Targets: wetlands, tidal creek, coral reef, offshore cays important to seabirds, and iguanas.

30. Includes northwest Crooked Island. Primary targets: spawning aggregation and coral reef. Identified in most Marxan runs.

31. Area includes fish cay, north cay and guana cays. Primary targets: endemic iguanas, spawning aggregations, seabird nesting site, beaches, sand flats.

32. Includes wetland areas north of the Acklins airport to north east point. Primary targets: spawning aggregations, seabird nesting site, beaches, inland water, cetacean habitat, mangroves and wetlands, important bird area, bonefish, and reef.

33. Includes western Mayaguana. This area was selected in every Marxan output (just varied slightly in overall size). Primary targets: inland water areas, blue holes, spawning aggregations, seabird nesting, rocky shore, sandy beach, coppice, mangrove/wetlands, inland water ponds, cetacean habitat, coral reef, important bird area for the brown booby. The small area on the east end was selected because it is identified as an important bird area for the flamingo, has wetland/mangrove habitat, inland ponds, and spawning aggregation sites offshore.

34. Area includes all of Little Inagua and the marine area between little Inagua and Great Inagua. Primary targets: predicted cetacean habitat and some coral reef. 

35. Area includes Great Inagua National Park as well as the inland water lake, mangroves/wetlands to the west. Primary Targets: birds including the flamingo, parrot, terns, whistling duck and others. Also important for sea turtles. Habitats include seagrass, beach, rocky shore, coral reef, sandy bottom, coppice forest, shrub scrub, and scattered blue holes and caves.

36. Includes area from South Channel Cay to Little Ragged Island. Every Marxan output selected some portion of this area, as well as some offshore marine areas off to the west and east. Primary Targets: seabird nests, spawning aggregations, rocky shore, sandy beach, coppice, inland water ponds, mangroves, seagrass, and coral reef.
Table 1: A final target list with data sources.





Map 1: The Bahamian archipelago stretching from the eastern Florida shore to the northern shores of Cuba.





Figure 2: Bahamas-wide freshwater GAP results





Map 8: Example of the Human Altered Layer (agriculture, roads, and other infrastructure) from central Abaco Island.





Map 3: Nearshore area of the Bahamian archipelago





Map 4: Shelf units of the Bahamian archipelago.





Map 5: Offshore units of the Bahamian archipelago.





Figure 1: Bahamas-wide terrestrial GAP results





Figure 3: Bahamas-wide marine GAP results











Map 2: The Bahamas National Parks.





Map 6: Map of generalized EEZ boundary for        The Bahamas.





Map 7: Map of planning units used to divide the study area.








Map 9: Marxan output with protected areas “Locked” in and a conservation goal of 10% protection for all biodiversity targets.








Map 10: Marxan output with protected areas “Locked” in and a conservation goal of 20% protection for all biodiversity targets.





Map 11: Marxan output with protected areas “Locked” in and biodiversity targets specific conservation goals.





Map 12: Marxan output without consideration of existing protected areas and a 10% conservation goal for all biodiversity targets.





Map 13: Marxan output without consideration of existing protected areas and a 20% conservation goal for all biodiversity targets.





Map 14: Marxan output without consideration to existing protected areas and biodiversity targets specific conservation goals.





Map 15. A synthesis of all MARXAN outputs: general areas consistently identified as priority sites.
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