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Executive summary

The Cayman Islands Government Department of Environment (DOE), in collaboration with Bangor University, Wales (School of Ocean Sciences – SOS) and The Nature Conservancy, USA (TNC), has conducted a review of the current Marine Protected Areas (MPAs) of the Cayman Islands to determine whether they are optimal in size and area, appropriately located, and provide maximum resilience.  The necessary enhancements to this system of protected areas have been subsequently recommended to Cabinet for their approval. This report outlines the methods and results of the Marine Ecological Gap Analysis utilizing Marxan conservation planning software which has been a key element of this review.

Marxan is a computer software program that provides decision support to a range of conservation planning. It calculates an optimal conservation solution, or portfolio, based on two core data inputs. The first input is a set of conservation features or ‘targets’; the second are direct and indirect anthropogenic risks to the marine environment from both marine and terrestrial sources.

The study area for this project encompassed the marine and terrestrial environment for all three Cayman Islands; Grand Cayman, Little Cayman, and Cayman Brac. The effective study area ranged from 200 ft inland of the high-water mark to an outer edge of approximately 80 ft depth below mean sea level. Further, the spatial extent of the Cayman Islands was divided into strata. The division of the islands by strata was designed to disperse portfolio selection across the extent of the study area.
 
The first step was to create a marine Environmental Risk Surface (ERS) for each island which is a modelled Geographic Information System surface developed using mapped risk elements. A ‘risk element’ can be defined as anything identified by experts as having a negative influence on the health of a critical habitat or key species. Included in the marine ERSs were negative effects on the marine environment due to terrestrial risks utilizing a flow accumulation model.

The next step was to compile a list of conservation targets for each island and create spatial layers. Broad categories were created to group target candidates into the general classes of: 1) Outside Lagoon Benthic 2) Lagoon Benthic, 3) Shoreline 4) Wetland 5) Protected Land 6) Proposed Land For Protection and 7) Species.

Goals for percentage of protection for each conservation target were then compiled. In the ‘Base Goals’ scenario solution, those targets considered most important were given a goal of 40% protection of their total area and less important targets were assigned 30% of their total area within each strata. Targets of high importance were determined by their ability to support a high level of biodiversity as well as their importance to key species. Additionally, high goals were also included in the table in order to generate an ‘ultra-conservative’ scenario where Marxan was tasked with trying to protect 80% of the representation of the most important targets.

Planning units were then defined by overlaying the planning region with a lattice of 120,122 one acre (0.405 ha) hexagons. Planning units allow for the overlay of risk elements and conservation targets in an effort to determine the most efficient distribution of conservation areas. Three scenarios were examined for modelled outputs. The first was a scenario where all current Marine Parks and special interest areas (or ‘status layers’) were locked-in, thus always included in the solution. The second scenario was one where only current no-take Marine Parks were locked-in. The third option did not lock-in any existing Marine Parks so that all areas had equal chance of being included in the modelled scenario. 

The Protected Area Tools (PAT) extension for ArcGIS 9.3 was utilized to create input files that fed into Zonae Cogito (ZC) decision support software. ZC combines planning units, strata, targets, risks, goals, and status layers to run and visualize model outputs.

Following the Marxan modelling exercise, additional Decision Support Tools (DSTs) were utilized to assist in determining the best Marine Park design using as much relevant information as possible. Guided by the generated Marxan solutions, complementary DSTs, and extensive public consultation feedback the DOE and partners drafted recommendations for an enhanced system of Marine Protected Areas for the Cayman Islands.
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Between April 2010 to March 2013 the Cayman Islands Government Department of Environment (DOE) collaborated with international partners, Bangor University, Wales (School of Ocean Sciences – SOS) and The Nature Conservancy, USA (TNC) on Darwin Initiative project, Darwin Initiative to Enhance an Established Marine Protected Area System (DEFRA reference 18-016). The project proposed to review the Marine Protected Areas (MPAs) of the Cayman Islands which were established in 1986, to determine whether they are optimal in size and area, appropriately located, and provide maximum resilience and enhance them as necessary. 

The work built upon the results of a previous Darwin Initiative project In Ivan’s Wake - Darwin Initiative BAP for the Cayman Islands, Government of Cayman Islands and University of Exeter in Cornwall, whose principle output was a National Biodiversity Action Plan for the Cayman Islands. Detailed habitat mapping of the marine and terrestrial environments in this previous project contributed significantly to the ecological gap analysis carried out in the project described herein.

Collaborative relations existed between the DOE and TNC prior to Darwin Initiative project 18-016, with  TNC providing an Ecological Gap Analysis/Marxan training workshop to DOE personnel in 2009.  Since commencement of the project, the TNC has continued this training and provided expertise in the construction and implementation of the Cayman Islands ecological gap analysis for the purpose of utilizing science-based systematic conservation planning methods to strategically expand the Cayman Islands MPA network.

The project objectives were as follows:

1. To assess the current level of reef resilience within and outside all marine protected areas of Grand Cayman, Little Cayman and Cayman Brac; 
2. To examine representativeness and variation by utilizing mapped reef and associated ecosystem habitats; 
3. To assess overspill of fish biomass from all No-Take zones; 
4. To quantify the impact of the artisanal/recreational fishery; 
5. To use the data from 1-4 to plan and promote an extension to the MPA system with full public consultation and involvement from stakeholders (represented by the Marine Conservation Board/Watersports Association/District Communities).

The purpose of the current report is to outline the methods and results of the Marine Ecological Gap Analysis (http://www.cbd.int/protected-old/gap.shtml) utilizing Marxan conservation software (Ball et al, 2009), completed by DOE since 2008 and in fulfillment of Objective 2 listed above.


[bookmark: _Toc332207046]Marxan conservation planning software 

Marxan (acronym combining MARine, and SPEXAN, itself an acronym for SPatially EXplicit ANnealing) is a computer software program designed to aid systematic reserve design which provides decision support to a range of conservation planning challenges including; the design of new marine reserve systems based on pre-determined goals, reporting on the performance of existing reserve systems, and developing multiple-use zone plans for natural resource management. It is used as part of a systematic conservation planning process. Marxan is currently the most widely used conservation planning software in the world (http://www.uq.edu.au/marxan/). 

Marxan calculates an optimal conservation solution, or portfolio, based on two core data inputs. The first input is a set of conservation features (habitat types or areas that need protection) for the marine environment such as coral reefs, seagrass beds, critical habitat of key species, etc. The second main input is risk to the marine environment such as SCUBA diving intensity, sources of pollution, dredged seabed, boat traffic intensity, etc. Marxan is efficient and repeatable, providing a variety of solution options which can then be reviewed and analyzed by resource managers and through stakeholder participation. The following flowchart describes the basic steps taken in developing a marine Ecological Gap Analysis for the Cayman Islands using Marxan (Figure 1). 
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[bookmark: _Ref326160944][bookmark: _Toc332207277][bookmark: _Toc332208067]Figure 1 Development of Ecological Gap Analysis using Marxan (Schill and Raber, 2011).
[bookmark: _Toc332207047]
Study area

The study area for Marxan mapping encompassed the marine and terrestrial environment for all three Cayman Islands (Figure 2 The Cayman Islands of Grand Cayman, Little Cayman and Cayman Brac and their position in the Caribbean. extending from the reef shelf ‘drop-off’ (the limit of benthic habitat mapping,approximately 80 ft depth) up to 200 ft inland of the high-watermark. Where known spawning aggregation sites (SPAGs) exist on each island, benthic mapping area coverage extended offshore to the 650 ft depth contour in these areas. The area 200 ft inland of the high-watermark was included so that coastal mangrove areas could be added as a conservation target due to their high importance to the marine environment. Further, coastal protected land and proposed protected land were also included as targets or ‘conservation features’.
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[bookmark: _Ref332108833][bookmark: _Toc332207278][bookmark: _Toc332208068]Figure 2 The Cayman Islands of Grand Cayman, Little Cayman and Cayman Brac and their position in the Caribbean (inset).

[bookmark: _Toc332207048]Selection of strata

Strata,or stratification, is the classification of data into subcategories on the basis of chosen criteria. For the current project, the spatial extent of the Cayman Islands was divided into geographic strata. Division of the islands in this way facilitated the dispersal of portfolio selection across the extent of the study area (outlined above) in order to ensure conservation efforts are widely spread, thereby minimizing the risk that all examples of a habitat will be damaged by the same disturbance (such as a hurricane, oil spill, boat grounding etc.). Stratification also represented areas of unique ecological significance (such as SPAGs or important nursery habitats). 

Grand Cayman was divided into five final marine strata; Little Cayman into two; and Cayman Brac also into two strata (Figure 3). Each strata was given a unique ID so that it could be linked to conservation features within each area and then entered into Marxan (Table 1).

[bookmark: _Ref326161032][bookmark: _Toc332207152]Table 1 Final strata selected for each of the Cayman Islands.
	Island
	Strata Description
	Strata ID

	Grand Cayman
	North Sound
	10

	Grand Cayman
	West Side
	20

	Grand Cayman
	South Side
	30

	Grand Cayman
	North Side
	40

	Grand Cayman
	East End
	50

	Little Cayman
	Little Cayman North
	60

	Little Cayman
	Little Cayman South
	70

	Cayman Brac
	Cayman Brac North
	80

	Cayman Brac
	Cayman Brac South
	90
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[bookmark: _Ref332111107][bookmark: _Toc332207279][bookmark: _Toc332208069][bookmark: _Ref329859288]Figure 3 Final strata for all Cayman Islands, covering areas extending from the natural reef ‘drop off’ (approximately 80 ft depth) up to 200 ft inland of the high-watermark. The outer limit of strata was the 650ft depth contour where spawning aggregation sites exist.


[bookmark: _Toc332207049]Development of Environmental Risk Surface models

An Environmental Risk Surface (ERS), or Cost Surface, is a modeled surface developed using mapped risk elements (e.g. socioeconomic information, human activity, etc.) to explore the overlap between these risk elements and biodiversity features (Ball et al. 2009, Schill and Raber, 2011). A ‘risk element’ can be defined as anything identified by experts as having a negative influence on the health of a critical habitat or key species. The ERS measures cumulative levels of risk impacts across the land or seascape and can be used to focus conservation site selection by steering habitat selection away from high-risk areas where the abatement of pressures on biodiversity seems less likely. An essential part of the ERS process is that risks must be based on features that may be spatially mapped.  For this project, a large volume of spatial data was created based on expert opinion which was then used to create robust ERS models for each Island. 

Part of the ERS development included listing and ranking all possible risk elements and assigning model variables including intensity, influence distance, distance decay function, and element overlap function (Figure 4) (Schill and Raber, 2009).

Intensity - degree of risk to the focal habitat/species (set on a relative scale) ranked and scored by expert consensus based on the relation to other risk elements. The intensity scores are not a representation of the absolute measure of the impact of activities on biodiversity. Rather, these values are a relative degree to which biodiversity is more likely to survive in one place over another based on the presence of a given activity in comparison to another activity. 

Influence distance - the spatial extent or footprint of the risk element that represents the maximum distance of negative impact on a conservation target. In other words, as the distance of the buffer increases away from the center (point, line or polygon) where the activity is taking place, the intensity values of the cells within the buffers diminish progressively (distance decay) and the risk to the target lessens. 

Distance decay – indicates how the intensity of a risk element decreases within the range of the influence distance. There are four types for expressing the decay function: a) linear – decreases linearly; b) concave – decreases rapidly; c) convex – decreases slowly; and d) constant – constant decrease. For all four types, when the maximum distance is reached, the intensity becomes zero.

Overlay function - how overlaying areas of influence distances between neighboring risk element features are resolved using map algebra statistical functions.
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[bookmark: _Ref332111439][bookmark: _Toc332207280][bookmark: _Toc332208070]Figure 4 Examples of distance decay functions and the resulting output based on a single point occurrence and a 1000 m influence distance. Red and orange hues indicate higher intensity values while green and blue hues represent lower intensity values.

[bookmark: _Toc332207050]Terrestrial flow accumulation to model marine environment risk from surface runoff
 
Included in the marine ERSs created were potential terrestrial risks to the marine environment such as landfills, roadways, invasive species, etc. (which were mapped and assigned model variables during the February 2009 meeting between DOE and TNC; for example see Figure 5). These elements were used as input (weighting) to a flow accumulation model to better understand their impacts on marine habitats at each coastal outlet. This function requires a flow direction grid from a Digital Elevation Model (DEM). The flow direction model indicates the direction water flows on a cell-by-cell basis, starting at higher elevations and moving downward to the coastal outlet, simulating water moving across a sloped surface. The intensity values of the terrestrial risk elements are accumulated on a cell-by-cell basis as the model runs from the higher elevations to the coastal outlet. The final accumulated grid surface calculates accumulated risk (in intensity values) upstream from any outlet which is an indication of potential upland impact on coastal environments. GIS point features are then created for each coastal outlet and the accumulated intensity values are extracted and transferred to the point attribute table. The intensity values attached to these coastal points are evaluated and assigned a classification based on the accumulated values (very high, high, medium, low) and corresponding intensity and influence distance values (listed in the risk Table 2-4 below).

To create flow accumulation models we used Light Detection and Ranging (LIDAR) elevation data resampled to a 10 ft cell size, which was the same cell size used for the ERS models. All terrestrial ERS models were rescaled to 0-1 to constrain the accumulated values. Comprehensive values used in the calculation of the environmental risk surfaces for each of the islands are displayed in Table 2-4 with maps of model results for both the terrestrial risks and modeled flow accumulation of intensity values (Figure 5-10).

5.1.1 [bookmark: _Toc332207051]Grand Cayman

The terrestrial ERS risks determined for Grand Cayman (and used for weighting of flow accumulation risks to the marine environment) were as follows:

[bookmark: _Ref332111663][bookmark: _Toc332207153]Table 2 Grand Cayman terrestrial risk elements.
	Risk
	Class
	Intensity
	Influence distance
	Decay function
	Overlay function

	Landfill
	 N/A
	95
	300 ft (91 m)
	Linear
	Maximum

	Buildings
	Very high
	80
	300 ft (91 m)
	Linear
	Maximum

	Buildings
	High
	70
	50 ft (15 m)
	Linear
	Maximum

	Airports
	N/A
	70
	300 ft (91 m)
	Linear
	Maximum

	Ports
	N/A
	70
	300 ft (91 m)
	Linear
	Maximum

	Quarries
	Wet
	60
	100 ft (30 m)
	Linear
	Maximum

	Quarries
	Dry
	60
	300 ft (91 m)
	Linear
	Maximum

	Buildings
	Low
	60
	25 ft (8 m)
	Linear
	Maximum

	Roads
	Primary
	50
	50 ft (15 m)
	Linear
	Maximum

	Roads
	Secondary
	30
	40 ft (12 m)
	Linear
	Maximum

	Golf course
	N/A
	20
	25 ft (8 m)
	Linear
	Maximum

	Roads
	Unpaved
	15
	25 ft (8 m)
	Linear
	Maximum

	Man-modified
	N/A
	15
	25 ft (8 m)
	Linear
	Maximum

	MRCU canals
	N/A
	10
	0
	Concave
	Maximum

	Invasives
	Casuarina
	5
	10 ft (3 m)
	Concave
	Maximum

	Invasives
	Scaevola
	5
	10 ft (3 m)
	Concave
	Maximum
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[bookmark: _Ref332112870][bookmark: _Toc332207281][bookmark: _Toc332208071]Figure 5 Terrestrial Environmental Risk Surface (ERS) for Grand Cayman. Highlights the level of risk to the terrestrial environment and includes the intensity, influence distance, distance decay, and overlay function. This information was combined with the flow accumulation model so that coastal outlet points could be assigned a level of risk to the marine environment due to surface run-off.


[image: ]
Figure 6 Simplified version of the flow accumulation model and coastal outlet points (pour points) for Grand Cayman. The model highlights the major flow of water across the surface of the island, as well as the major coastal outlets, based on LIDAR elevation data.


5.1.2 [bookmark: _Toc332207052]Little Cayman

The terrestrial ERS risks determined for Little Cayman were as follows:

[bookmark: _Ref332111671][bookmark: _Toc332207154]Table 3 Little Cayman terrestrial risk elements.
	Risk
	Class
	Intensity
	Influence distance 
	Decay function
	Overlay function

	Landfill
	N/A 
	95
	300 ft (91 m)
	Linear
	Maximum

	Buildings
	High
	70
	50 ft (15 m)
	Linear
	Maximum

	Airports
	N/A
	70
	300 ft (91 m)
	Linear
	Maximum

	Salt rocks dock
	N/A
	70
	300 ft (91 m)
	Linear
	Maximum

	Quarries
	Dry
	60
	300 ft (91 m)
	Linear
	Maximum

	Buildings
	Low
	60
	30 ft (9 m)
	Linear
	Maximum

	Roads
	Primary
	50
	50 ft (15 m)
	Linear
	Maximum

	Roads
	Secondary
	30
	40 ft (12 m)
	Linear
	Maximum

	Roads
	Unpaved
	15
	30 ft (9 m)
	Linear
	Maximum

	Man-modified
	N/A
	15
	30 ft (9 m)
	Linear
	Maximum

	Invasives
	Casuarina
	5
	10 ft (3 m)
	Concave
	Maximum

	Invasives
	Scaevola
	5
	10 ft (3 m)
	Concave
	Maximum
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[bookmark: _Toc332207282][bookmark: _Toc332208072]Figure 7 Terrestrial Environmental Risk Surface (ERS) for Little Cayman. Highlights the level of risk to the terrestrial environment and includes the intensity, influence distance, distance decay, and overlay function. This information was combined with the flow accumulation model so that coastal outlet points could be assigned a level of risk to the marine environment due to surface run-off.
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Figure 8 Simplified version of the flow accumulation model and coastal outlet points (pour points) for Little Cayman. The model highlights the major flow of water across the surface of the island, as well as the major coastal outlets, based on LIDAR elevation data.



5.1.3 [bookmark: _Toc332207053]Cayman Brac

The terrestrial ERS risks determined for Cayman Brac were as follows:

[bookmark: _Ref332111673][bookmark: _Toc332207155]Table 4 Terrestrial risk elements for Cayman Brac.
	Risk
	Class
	Intensity
	Influence distance
	Decay function
	Overlay function

	Landfill
	 N/A
	95
	300 ft (91 m)
	Linear
	Maximum

	Buildings
	High
	70
	50 ft (15 m)
	Linear
	Maximum

	Airports
	N/A
	70
	300 ft (91 m)
	Linear
	Maximum

	Port
	N/A
	70
	300 ft (91 m)
	Linear
	Maximum

	Quarries
	Dry
	60
	300 ft (91 m)
	Linear
	Maximum

	Buildings
	Low
	60
	30 ft (9 m)
	Linear
	Maximum

	Roads
	Primary
	50
	50 ft (15 m)
	Linear
	Maximum

	Roads
	Secondary
	30
	40 ft (12 m)
	Linear
	Maximum

	Roads
	Unpaved
	15
	30 ft (9 m)
	Linear
	Maximum

	Man-modified
	N/A
	15
	30 ft (9 m)
	Linear
	Maximum

	Invasives
	Casuarina
	5
	10 ft (3 m)
	Concave
	Maximum

	Invasives
	Scaevola
	5
	10 ft (3 m)
	Concave
	Maximum
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[bookmark: _Toc332207283][bookmark: _Toc332208073]Figure 9 Terrestrial Environmental Risk Surface (ERS) for Cayman Brac. Highlights the level of risk to the terrestrial environment and includes the intensity, influence distance, distance decay, and overlay function. This information was combined with the flow accumulation model so that coastal outlet points could be assigned a level of risk to the marine environment due to surface run-off.
[image: ]
[bookmark: _Ref332112873]Figure 10 Simplified version of the flow accumulation model and coastal outlet points (pour points) for Cayman Brac. The model highlights the major flow of water across the surface of the island, as well as the major coastal outlets, based on LIDAR elevation data.


[bookmark: _Toc332207054]Defining the marine Environmental Risk Surfaces

Tables 5-7 below list the identified risk elements to the marine environment for each island and their associated intensity, influence distance, decay function, and overlay function. These values were determined by DOE staff with guidance from Schill (TNC). Figures 11-13 show the modeled output for each marine ERS.

5.2.1 [bookmark: _Toc332207055]Grand Cayman marine risks

[bookmark: _Ref332112982][bookmark: _Toc332207156]Table 5 Marine risk elements for Grand Cayman.
	Risk
	Use
	Intensity
	Influence distance
	Decay function
	Overlay function

	Port area polygon
	 N/A
	90
	2000 ft (610 m)
	Concave
	Maximum

	Flow accumulation outflow points
	Very high
	90
	984 ft (300 m)
	Linear
	Cumulative

	Launching ramps/docks
	Very high
	70
	500 ft (152 m)
	Convex
	Maximum

	Outflows - turtle farm
	N/A
	70
	1640 ft (500 m)
	Convex
	Maximum

	Outflows - CUC
	N/A
	70
	500 ft (152 m)
	Convex
	Cumulative

	Marinas
	N/A
	70
	500 ft (152 m)
	Convex
	Maximum

	Dredged borrow pits
	N/A
	70
	656 ft (200 m)
	Concave
	Maximum

	Flow accumulation outflow points
	High
	70
	984 ft (300 m)
	Linear
	Cumulative

	Hotels – rest of island
	N/A 
	60
	328 ft (100 m)
	Linear
	Maximum

	Spotts anchorage
	N/A
	60
	1640 ft (500 m)
	Concave
	Maximum

	Canal exit points
	Very high
	60
	984 ft (300 m)
	Linear
	Maximum

	Launching ramps/docks
	High
	50
	400 ft (122 m)
	Convex
	Maximum

	Dolphin Cove
	N/A 
	50
	800 ft (244 m)
	Convex
	Cumulative

	Shallow boating navigation routes
	N/A 
	50
	656 ft (200 m)
	Convex
	Cumulative

	Flow accumulation outflow points
	Medium
	50
	984 ft (300 m)
	Linear
	Cumulative

	Hotels - SMB
	N/A
	40
	328 ft (100 m)
	Linear
	Maximum

	Canal exit points
	High
	40
	656 ft (200 m)
	Linear
	Maximum

	Coastal fuel depots
	N/A 
	35
	656 ft (200 m)
	Linear
	Maximum

	Launching ramps/docks
	Medium
	30
	300 ft (91 m)
	Convex
	Maximum

	High use boating area
	N/A 
	30
	328 ft (100 m)
	Linear
	Maximum

	Large ship moorings
	N/A
	30
	328 ft (100 m)
	Convex
	Cumulative

	Public moorings dive pressure
	Very high
	30
	328 ft (100 m)
	Convex
	Cumulative

	Flow accumulation outflow points
	Low
	30
	984 ft (300 m)
	Linear
	Cumulative

	Popular snorkel sites
	Very high
	25
	100 ft (30 m)
	Linear
	Cumulative

	Shore dive sites
	Very high
	25
	100 ft (30 m)
	Linear
	Cumulative

	Public moorings dive pressure
	High
	25
	328 ft (100 m)
	Convex
	Cumulative

	Popular snorkel sites
	High
	20
	100 ft (30 m)
	Linear
	Cumulative

	Shore dive sites
	High
	20
	100 ft (30 m)
	Linear
	Cumulative

	Canal exit points
	Medium
	20
	328 ft (100 m)
	Linear
	Maximum

	South sound outflows
	N/A 
	20
	1640 ft (500 m)
	Convex
	Maximum

	Public moorings dive pressure
	Medium
	20
	328 ft (100 m)
	Convex
	Cumulative

	Popular beaches
	N/A
	20
	164 ft (50 m)
	Linear
	Maximum

	Watersports areas
	Very high
	20
	656 ft (200 m)
	Convex
	Maximum

	Popular snorkel sites
	Medium
	15
	100 ft (30 m)
	Linear
	Cumulative

	Shore dive sites
	Medium
	15
	100 ft (30 m)
	Linear
	Cumulative

	Public moorings dive pressure
	Low
	15
	328 ft (100 m)
	Convex
	Cumulative

	Watersports areas
	High
	15
	656 ft (200 m)
	Convex
	Maximum

	Launching ramps/docks
	Low
	10
	200 ft (61 m)
	Convex
	Maximum

	Popular snorkel sites
	Low
	10
	100 ft (30 m)
	Linear
	Cumulative

	Shore dive sites
	Low
	10
	100 ft (30 m)
	Linear
	Cumulative

	Canal exit points
	Low
	10
	33 ft (10 m)
	Linear
	Maximum

	Beach access
	N/A
	10
	164 ft (50 m)
	Linear
	Maximum

	Watersports areas
	Medium
	10
	656 ft (200 m)
	Convex
	Maximum

	Watersports areas
	Low
	5
	656 ft (200 m)
	Convex
	Maximum
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[bookmark: _Ref332113262][bookmark: _Toc332207284][bookmark: _Toc332208074]Figure 11 Marine Environmental Risk Surface (ERS) for Grand Cayman. Highlights the risks to the marine environment and includes their intensity, influence distance, distance decay, and overlay function.


5.2.2 [bookmark: _Toc332207056]Little Cayman marine risks

[bookmark: _Toc332207157]Table 6 Marine risk elements for Little Cayman.
	Risk
	Use
	Intensity
	Influence distance
	Decay function
	Overlay function

	Flow accumulation outflow points
	Very high
	90
	984 ft (300 m)
	Linear
	Cumulative

	Salt rocks pier
	N/A
	70
	500 ft (152 m)
	Convex
	Maximum

	Dredged areas
	N/A
	70
	656 ft (200 m)
	Concave
	Maximum

	Flow accumulation outflow points
	High
	70
	984 ft (300 m)
	Linear
	Cumulative

	Shallow boating navigation routes
	N/A 
	50
	656 ft (200 m)
	Convex
	Cumulative

	Flow accumulation outflow points
	Medium
	50
	984 ft (300 m)
	Linear
	Cumulative

	Hotels
	N/A 
	40
	328 ft (100 m)
	Linear
	Maximum

	Launching ramps/docks
	Medium
	30
	300 ft (91 m)
	Convex
	Maximum

	High use boating area
	N/A 
	30
	328 ft (100 m)
	Linear
	Maximum

	Public moorings dive pressure
	Very high
	30
	328 ft (100 m)
	Convex
	Cumulative

	Flow accumulation outflow points
	Low
	30
	984 ft (300 m)
	Linear
	Cumulative

	Public moorings dive pressure
	High
	25
	328 ft (100 m)
	Convex
	Cumulative

	Docks
	N/A 
	25
	33 ft (10 m)
	Linear
	Maximum

	Public moorings dive pressure
	Medium
	20
	328 ft (100 m)
	Convex
	Cumulative

	Popular beaches
	N/A 
	20
	164 ft (50 m)
	Linear
	Maximum

	Popular snorkel sites
	Medium
	15
	100 ft (30 m)
	Linear
	Cumulative

	Shore dive sites
	Medium
	15
	100 ft (30 m)
	Linear
	Maximum

	Public moorings dive pressure
	Low
	15
	328 ft (100 m)
	Convex
	Cumulative

	Launching ramps/docks
	Low
	10
	200 ft (61 m)
	Convex
	Maximum
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[bookmark: _Toc332207285][bookmark: _Toc332208075]Figure 12 Marine Environmental Risk Surface (ERS) for Little Cayman. Highlights the risks to the marine environment and includes their intensity, influence distance, distance decay, and overlay function.


5.2.3 [bookmark: _Toc332207057]Cayman Brac marine risks

[bookmark: _Ref332112985][bookmark: _Toc332207158]Table 7 Marine risk elements for Cayman Brac.
	Risk
	Use
	Intensity
	Influence distance
	Decay function
	Overlay function

	Flow accumulation outflow points
	Very high
	90
	984 ft (300 m)
	Linear
	Cumulative

	Port pier
	N/A 
	70
	500 ft (152 m)
	Convex
	Maximum

	Dredged areas
	N/A 
	70
	656 ft (200 m)
	Concave
	Maximum

	Flow accumulation outflow points
	High
	70
	984 ft (300 m)
	Linear
	Cumulative

	Launching ramps/docks
	High
	50
	400 ft (122 m)
	Linear
	Maximum

	Flow accumulation outflow points
	Medium
	50
	984 ft (300 m)
	Linear
	Cumulative

	Hotels
	N/A 
	40
	328 ft (100 m)
	Linear
	Maximum

	Launch ramps
	Medium
	30
	300 ft (91 m)
	Linear
	Maximum

	High use boating area
	N/A 
	30
	328 ft (100 m)
	Linear
	Maximum

	Flow accumulation outflow points
	Low
	30
	984 ft (300 m)
	Linear
	Cumulative

	Public moorings dive pressure
	High
	25
	328 ft (100 m)
	Convex
	Cumulative

	Docks
	N/A 
	25
	33 ft (10 m)
	Linear
	Maximum

	Outflows
	N/A 
	20
	1640 ft (500 m)
	Convex
	Maximum

	Public moorings dive pressure
	Medium
	20
	328 ft (100 m)
	Convex
	Cumulative

	Popular beaches
	N/A 
	20
	164 ft (50 m)
	Linear
	Maximum

	Shore dive sites
	Medium
	15
	100 ft (30 m)
	Linear
	Maximum

	Public moorings dive pressure
	Low
	15
	328 ft (100 m)
	Convex
	Cumulative

	Launching ramps/docks
	Low
	10
	200 ft (61 m)
	Linear
	Maximum
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[bookmark: _Ref332113267][bookmark: _Toc332207286][bookmark: _Toc332208076]Figure 13 Marine Environmental Risk Surface (ERS) for Cayman Brac. Highlights the risks to the marine environment and includes their intensity, influence distance, distance decay, and overlay function.



[bookmark: _Toc332207058]Conservation targets definition and goal setting 

To compile a list of conservation targets for Grand Cayman, all marine habitat features were considered that had been recently mapped with high precision using high-resolution color aerial photography (12 cm resolution) and satellite imagery (Quickbird 60 cm pan-sharpened) (Cottam et al, 2009). Further, existing information on critical habitats and important species were also considered. Broad categories were created to group these target candidates into the general classes of: 1) Outside Lagoon Benthic 2) Lagoon Benthic, 3) Shoreline 4) Wetland 5) Protected Land 6) Proposed Land For Protection and 7) Species. In order for a conservation target to be included, it was required to be a have a spatial extent that was complete for all of the Cayman Islands. For example, while it is understood where some important species like Elkhorn coral (Acropora palmata) and Staghorn coral (A. cervicornis) generally exist, they were not included in the target list as they have not been comprehensively mapped and could spatially skew Marxan results by steering outputs towards or away from areas that do not represent a complete distribution of the species. 

The final list of conservation targets (Table 8) indicate the corresponding conservation goals that were assigned by DOE staff. Base goals are the percentage of each conservation target that Marxan tries to include in the ‘Base Goals’ scenario solution. Targets that were considered most important were given a value of 40% of their total area and less important targets were assigned 30% of their total area. Targets of high importance were determined by their ability to support a high level of biodiversity as well as their importance to key species. Additional goal scenarios used in Marxan include the protection of 40% and 30% of each target respectively within each strata. The ‘Penalty Factor’ determines the priority with which the algorithm meets an individual target’s representation goal. In other words, it is a cost imposed for failing to meet the goals and is primarily based on the importance of meeting the target’s goal. For the purpose of this project, Penalty Factor values were set to a constant value of 1 for all features. This was done because we considered all conservation targets of equal importance for meeting the goals. High goals were also included in the table in order to generate an ‘ultra-conservative’ scenario where Marxan was tasked with trying to protect 80% of the representation of the most important targets. A feature ID is a unique value assigned that Marxan uses to identify each conservation target. The feature ID was combined with the strata ID (above) to provide a unique identifier for all combinations of strata and targets (Appendix 1). Note that not all conservation targets are found on all three islands. 

[bookmark: _Ref332113942][bookmark: _Toc332207159]Table 8 Marine conservation targets for all three Cayman Islands
	Group
	Conservation target
	Feature ID
	Base goals
	Penalty factor
	High goals

	Outside lagoon benthic
	Aggregate reef
	101
	40
	High
	80

	Outside lagoon benthic
	Aggregated patch reef
	102
	40
	High
	80

	Outside lagoon benthic
	Beach rock
	103
	30
	Medium
	 

	Outside lagoon benthic
	Colonized hardbottom
	104
	40
	Medium
	 

	Outside lagoon benthic
	Individual patch reef
	105
	40
	Medium
	80

	Outside lagoon benthic
	Reef crest
	106
	40
	High
	80

	Outside lagoon benthic
	Rubble
	107
	30
	Low
	 

	Outside lagoon benthic
	Sand
	108
	30
	High
	 

	Outside lagoon benthic
	Spur and groove
	109
	40
	High
	80

	Outside lagoon benthic
	Uncolonized hardbottom
	110
	30
	Low
	 

	Lagoon benthic
	Backreef
	111
	40
	High
	80

	Lagoon benthic
	Beach rock
	112
	30
	Medium
	 

	Lagoon benthic
	Hardbottom
	113
	30
	Medium
	 

	Lagoon benthic
	Lagoonal coral
	114
	40
	High
	80

	Lagoon benthic
	Mud
	115
	30
	Medium
	 

	Lagoon benthic
	Seagrass beds
	116
	40
	High
	80

	Lagoon benthic
	Sediment
	117
	30
	High
	 

	Lagoon benthic
	Vegetated sand
	118
	40
	High
	 

	Shoreline
	Cliff
	119
	40
	High
	 

	Shoreline
	Cobble
	120
	30
	Medium
	 

	Shoreline
	Cobble mosaic
	121
	30
	Medium
	 

	Shoreline
	Ironshore
	122
	30
	Medium
	 

	Shoreline
	Ironshore mosaic
	123
	30
	Medium
	 

	Shoreline
	Rock
	124
	30
	Low
	 

	Shoreline
	Rock mosaic
	125
	30
	Low
	 

	Shoreline
	Sand
	126
	30
	Medium
	 

	Shoreline
	Sand mosaic
	127
	30
	Medium
	 

	Wetland
	Mangrove
	128
	40
	High
	80

	Protected land
	Crown land
	129
	40
	High
	 

	Species
	Main turtle nesting beaches
	139
	40
	High
	80




[bookmark: _Toc332207059]Design of planning units

Planning units are defined by overlaying the planning region with a grid of squares or lattice of hexagons (Figure 14). These polygon features contain all the necessary information for Marxan to run and allow comparison and selection between candidate areas. They must capture all the areas that can possibly be selected as part of the reserve system and their size should be at a scale appropriate for both the ecological features that are wanted to be captured and the size of the protected areas likely to be implemented (Game and Grantham, 2008).

After review of the high degree of accuracy and large amount of data that is available, as well as the relatively small ‘shelf’ area surrounding the Cayman Islands, it was determined that a 1 acre (0.405 ha) planning unit would be optimum to capture small spatial differences within the input datasets. There were 90,391 one-acre planning units for Grand Cayman, 14,254 for Little Cayman, and 15,477 for Cayman Brac. A hexagon shape grid was used since it provides several advantages compared to other methods such as squared or circular plots. Most important in the context of evaluating patterns is the equidistant nature of the grid (Figure 14). This results in a more balanced modeling environment and facilitates data analysis and circumvents statistical and logical problems (compared to squared or circular plots) (Jurasinski and Beierkuhnlein, 2006). 
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[bookmark: _Ref332114340][bookmark: _Toc332207287][bookmark: _Toc332208077]Figure 14 Conservation features are overlaid on top of risks and each planning unit (1 acre) is assigned a score based on the level of cost associated with obtaining a conservation feature within each unit. Conservation feature layer has been clipped for display purposes but should match the extents of the risk surface and planning units.

[bookmark: _Toc332207060]Inclusion of status layers

The use of ‘status layers’ is an important aspect of Marxan modeling. These layers are required if a user plans to run a scenario where the planning units that overlap declared protected areas or special interest areas are to be “locked-in” or fixed in the reserve, thus always included in the solution. These planning units are first considered when Marxan attempts to meet the conservation goals. If goals are met within these areas, no additional planning units are selected for that particular conservation target (Schill and Raber, 2008). 

To this end, existing no-take protected areas were initially locked-in as a ‘Strict’ status layer (Environmental Zones, Marine Parks, and Wildlife Interaction Zones; Figure 15) for preliminary Marxan runs. For subsequent models, it was deemed beneficial to also include all protected areas in a set of ‘All’ status layers. A third option was added using No status layers– that is all areas have an equal chance of being included in the modeled scenarios. The ‘No status layers’ option was included so that the output Marxan solution was not biased towards an area simply because it is already protected, and therefore provides an estimate of what areas should be protected if no marine protected areas pre-existed.
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[bookmark: _Ref332202730][bookmark: _Toc332208078]Figure 15‘No-Take Protected Areas’ Strict status layers for all Cayman Islands – planning units within these areas are first considered when attempting to meet conservation goals. ‘All Protected Areas’ and ‘No Protected Areas’ status layers were also considered in the final Marxan output scenarios.

[bookmark: _Toc332207061]Marxan results

In order to run Marxan, the software requires the creation of several input text files. These files are based on the planning units, strata, targets, risk surface, goals, status layers and other important parameters that Marxan needs to run. For this exercise, we used the Protected Area Tools (PAT) for ArcGIS 9.3 (http://gg.usm.edu/pat/) to create the input files using the combined strata and conservation targets that were previously created in ESRI spatial data format (shapefile and/or feature class) (Schill and Raber, 2011). The PAT software has the ability to create the ERS model, create hexagons for planning units, prepare targets, and extract the abundance of each conservation target within each planning unit as well as summarize the associated risks. These input files can then be used in Zonae Cogito (ZC) decision support software that facilitates Marxan runs and visualization of model outputs (Watts et al, 2009). 

One parameter of particular importance when creating Marxan solutions is the Boundary Length Modifier (BLM). The BLM determines the relative importance placed on minimizing the perimeter relative to minimizing area. This is a weighting factor that can be used to control the spatial aggregation (clumping and/or fragmentation) of selected assessment units. BLM is an important factor as it determines whether the output contains a high number of small sites (low BLM), or fewer, larger sites (high BLM). Spatial optimization is achieved by minimizing both area and length of perimeter between assessment units; therefore testing the influence of this parameter is essential. Upon calibration, it was determined that the optimal BLM was a value between 75 – 150. Figure 16 shows the final versions of a modeled Marxan scenario for the marine environment in Grand Cayman, Little Cayman, and Cayman Brac each with a BLM of 150. A text version of a mapped solution showing target amounts of conservation features and the actual amount held in the solution may be found in Appendix 2.
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[bookmark: _Ref332202787][bookmark: _Toc332207288][bookmark: _Toc332208079]Figure 16 Modeled Marxan scenarios for all Cayman Islands’ marine environment. The maps display a scenario where the ERS is included, ‘No-Take Marine Parks’ Strict status layers are locked in, 30% and 40% (Base) protection goals are in place, a BLM of 150, and a constant SPF value of 1 for all conservation targets used.


[bookmark: _Toc332207062]Discussion

Marxan provides decision support for conservation planning, however it is just one tool among many when determining how best to design or expand a marine protected area system. In addition to Marxan solutions, other Decision Support Tools (DSTs) were utilized to assist in determining the best marine park design. Additional DSTs used for determining the final MPA design were as follows:

· Reef Health Index (Simplified Integrated Reef Health Index) data at 63 permanent sites around the Cayman Islands (www.healthyreefs.org). 55 sites had all variables included in the index, and 8 sites had only coral-related data included in the index
· Fishing pressure location and intensity
· Existing Marine Park system location 
· Local knowledge of current usage and issues regarding enforcement of current marine park laws
· Locations of public moorings
· Existing parcel boundaries and/or landmarks for ease of signage
· Local knowledge of locations of important and endangered species such as Elkhorn coral (Acropora palmata) and Staghorn coral (Acropora cervicornis)
· Results of previous local studies on specific species (i.e. conch, sharks, turtles – nesting and in-water, etc.)
· Locally determined areas of potential resistance from user groups

[bookmark: _Toc332207063]

Reef Health Index

A relative measure of reef health was considered in order to identify those areas of reef which might be more resilient than others and therefore of higher conservation value. An index of reef health was calculated using the most recently collected data (2011) based on the Simplified Integrated Reef Health Index designed by the Healthy Reefs Initiative (www.healthyreefs.org) specifically for measuring the health of the Mesoamerican Reef Ecosystem (Figure 17). The index was created using the experience, data, and perspectives of its scientific review committee, and incorporates measures of live coral cover, fleshy macro-algal cover, herbivorous fish abundance and commercial fish abundance (Appendix 3). The more comprehensive Healthy Reefs Integrated Reef Health Index (IRHI) which calculates a measure of reef health based on additional indicators, such as coral disease and recruitment, Diadema abundance and algal heights (needed for a Macro-algal index), could not be applied since datasets for all seven of the IRHI indicators were not available. Reef health index data was only available for certain field sites and did not cover the entire project extent (Figure 18) and as such its incorporation into Marxan was not considered a possibility. Incorporation was rejected on the grounds that methods of inclusion (e.g. interpolation of data between sites, assigning large areas of shelf coral reef using a single site’s value, etc.) would introduce error and disrupt the confidence of the data (due to high localized variance in the marine environment), and limiting the values to isolated sites would bias Marxan outputs. As such, reef health index data was used as a DST to guide allocation of protected area boundaries alongside modeled Marxan solutions.
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[bookmark: _Ref332203966][bookmark: _Toc332208080]Figure 17 Threshold values by indicator for the Simplified Integrated Reef Health Index (SIHRI). Source: Healthy Reefs Initiative (2010) Report Card for the Mesoamerican Reef.
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[bookmark: _Ref332204124][bookmark: _Toc332207289][bookmark: _Toc332208081]Figure 18 Reef health index (Simplified Integrated Reef Health Index), combining coral cover, fleshy macro-algal cover, herbivorous fish abundance and commercial fish abundance at 63 permanent sampling sites; www.healthyreefs.org. (Regional threshold values: 1=Critical, 2=Poor, 3=Fair, 4=Good, 5=Very good).


[bookmark: _Toc332207064]Fishing pressure location and intensity

Data incorporated as a DST into the protected area planning process on the location and intensity of local fishing pressure was acquired from extensive 2011survey results (Figure 19). Data included detailed information on catch size, target species, and the distribution and effort of fishing monthly fishing activities. The views of fishers on the marine environment, and designated marine protected areas around the islands, were also gauged through a series of multiple-choice questions. 

The data could not be incorporated into Marxan since it was collected at too coarse a scale and lacked the high degree of spatial confidence associated with applied Marxan data. It was also determined that whilst an understanding of the location of fishing effort is critical to the risks to the marine environment, fishing effort will likely be mobile according to location of fish which can be determined by condition of reefs. The data therefore served as an additional DST, providing valuable guidance on the selection of important marine protected areas according to usage and potential user conflicts.

[image: ]
[bookmark: _Ref332204406][bookmark: _Toc332208082]Figure 19 Spatial distribution of fishing effort over a monthly period on all Cayman Islands. Star symbols show locations of the major boat launch areas.


[bookmark: _Toc332207065]Next Steps

Guided by generated Marxan solutions and complementary DSTs, the DOE and partners drafted recommended enhancements to the system of marine protected areas in the Cayman Islands for immediate approval by Cabinet. These recommendations incorporate careful analysis of generated Marxan solutions, complementary DSTs, and extensive public feedback so to create an optimum conservation solution for all user groups now and into the future within the Cayman Islands.
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Appendix 1 Final list of Conservation Targets.
	Island
	Conservation target label
	Strata ID
	Feature ID
	Target ID

	Grand Cayman
	North Sound Outside Lagoon Benthic Aggregate Reef
	10
	101
	10101

	
	North Sound Outside Lagoon Benthic Aggregated Patch Reef
	10
	102
	10102

	
	North Sound Outside Lagoon Benthic Beach Rock
	10
	103
	10103

	
	North Sound Outside Lagoon Benthic Colonized Hardbottom
	10
	104
	10104

	
	North Sound Outside Lagoon Benthic Individual Patch Reef
	10
	105
	10105

	
	North Sound Outside Lagoon Benthic Reef Crest
	10
	106
	10106

	
	North Sound Outside Lagoon Benthic Rubble
	10
	107
	10107

	
	North Sound Outside Lagoon Benthic Sand
	10
	108
	10108

	
	North Sound Outside Lagoon Benthic Spur and Groove
	10
	109
	10109

	
	North Sound Outside Lagoon Benthic Uncolonized Hardbottom
	10
	110
	10110

	
	North Sound Lagoon Benthic Backreef
	10
	111
	10111

	
	North Sound Lagoon Benthic Beach Rock
	10
	112
	10112

	
	North Sound Lagoon Benthic Hardbottom
	10
	113
	10113

	
	North Sound Lagoon Benthic Lagoonal Coral
	10
	114
	10114

	
	North Sound Lagoon Benthic Mud
	10
	115
	10115

	
	North Sound Lagoon Benthic Seagrass Beds
	10
	116
	10116

	
	North Sound Lagoon Benthic Sediment
	10
	117
	10117

	
	North Sound Lagoon Benthic Vegetated Sand
	10
	118
	10118

	
	North Sound Shoreline Cliff
	10
	119
	10119

	
	North Sound Shoreline Cobble
	10
	120
	10120

	
	North Sound Shoreline Cobble Mosaic
	10
	121
	10121

	
	North Sound Shoreline Ironshore
	10
	122
	10122

	
	North Sound Shoreline Ironshore Mosaic
	10
	123
	10123

	
	North Sound Shoreline Rock
	10
	124
	10124

	
	North Sound Shoreline Rock Mosaic
	10
	125
	10125

	
	North Sound Shoreline Sand
	10
	126
	10126

	
	North Sound Shoreline Sand Mosaic
	10
	127
	10127

	
	North Sound Wetland Mangrove
	10
	128
	10128

	
	North Sound Protected Land Crown Land
	10
	129
	10129

	
	North Sound Species Main Turtle Nesting Beaches
	10
	139
	10139

	
	West Side Outside Lagoon Benthic Aggregate Reef
	20
	101
	20101

	
	West Side Outside Lagoon Benthic Aggregated Patch Reef
	20
	102
	20102

	
	West Side Outside Lagoon Benthic Beach Rock
	20
	103
	20103

	
	West Side Outside Lagoon Benthic Colonized Hardbottom
	20
	104
	20104

	
	West Side Outside Lagoon Benthic Individual Patch Reef
	20
	105
	20105

	
	West Side Outside Lagoon Benthic Reef Crest
	20
	106
	20106

	
	West Side Outside Lagoon Benthic Rubble
	20
	107
	20107

	
	West Side Outside Lagoon Benthic Sand
	20
	108
	20108

	
	West Side Outside Lagoon Benthic Spur and Groove
	20
	109
	20109

	
	West Side Outside Lagoon Benthic Uncolonized Hardbottom
	20
	110
	20110

	
	West Side Lagoon Benthic Backreef
	20
	111
	20111

	
	West Side Lagoon Benthic Beach Rock
	20
	112
	20112

	
	West Side Lagoon Benthic Hardbottom
	20
	113
	20113

	
	West Side Lagoon Benthic Lagoonal Coral
	20
	114
	20114

	
	West Side Lagoon Benthic Mud
	20
	115
	20115

	
	West Side Lagoon Benthic Seagrass Beds
	20
	116
	20116

	
	West Side Lagoon Benthic Sediment
	20
	117
	20117

	
	West Side Lagoon Benthic Vegetated Sand
	20
	118
	20118

	
	West Side Shoreline Cliff
	20
	119
	20119

	
	West Side Shoreline Cobble
	20
	120
	20120

	
	West Side Shoreline Cobble Mosaic
	20
	121
	20121

	
	West Side Shoreline Ironshore
	20
	122
	20122

	
	West Side Shoreline Ironshore Mosaic
	20
	123
	20123

	
	West Side Shoreline Rock
	20
	124
	20124

	
	West Side Shoreline Rock Mosaic
	20
	125
	20125

	
	West Side Shoreline Sand
	20
	126
	20126

	
	West Side Shoreline Sand Mosaic
	20
	127
	20127

	
	West Side Wetland Mangrove
	20
	128
	20128

	
	West Side Protected Land Crown Land
	20
	129
	20129

	
	West Side Species Main Turtle Nesting Beaches
	20
	139
	20139

	
	South Side Outside Lagoon Benthic Aggregate Reef
	30
	101
	30101

	
	South Side Outside Lagoon Benthic Aggregated Patch Reef
	30
	102
	30102

	
	South Side Outside Lagoon Benthic Beach Rock
	30
	103
	30103

	
	South Side Outside Lagoon Benthic Colonized Hardbottom
	30
	104
	30104

	
	South Side Outside Lagoon Benthic Individual Patch Reef
	30
	105
	30105

	
	South Side Outside Lagoon Benthic Reef Crest
	30
	106
	30106

	
	South Side Outside Lagoon Benthic Rubble
	30
	107
	30107

	
	South Side Outside Lagoon Benthic Sand
	30
	108
	30108

	
	South Side Outside Lagoon Benthic Spur and Groove
	30
	109
	30109

	
	South Side Outside Lagoon Benthic Uncolonized Hardbottom
	30
	110
	30110

	
	South Side Lagoon Benthic Backreef
	30
	111
	30111

	
	South Side Lagoon Benthic Beach Rock
	30
	112
	30112

	
	South Side Lagoon Benthic Hardbottom
	30
	113
	30113

	
	South Side Lagoon Benthic Lagoonal Coral
	30
	114
	30114

	
	South Side Lagoon Benthic Mud
	30
	115
	30115

	
	South Side Lagoon Benthic Seagrass Beds
	30
	116
	30116

	
	South Side Lagoon Benthic Sediment
	30
	117
	30117

	
	South Side Lagoon Benthic Vegetated Sand
	30
	118
	30118

	
	South Side Shoreline Cliff
	30
	119
	30119

	
	South Side Shoreline Cobble
	30
	120
	30120

	
	South Side Shoreline Cobble Mosaic
	30
	121
	30121

	
	South Side Shoreline Ironshore
	30
	122
	30122

	
	South Side Shoreline Ironshore Mosaic
	30
	123
	30123

	
	South Side Shoreline Rock
	30
	124
	30124

	
	South Side Shoreline Rock Mosaic
	30
	125
	30125

	
	South Side Shoreline Sand
	30
	126
	30126

	
	South Side Shoreline Sand Mosaic
	30
	127
	30127

	
	South Side Wetland Mangrove
	30
	128
	30128

	
	South Side Protected Land Crown Land
	30
	129
	30129

	
	South Side Species Main Turtle Nesting Beaches
	30
	139
	30139

	
	North Side Outside Lagoon Benthic Aggregate Reef
	40
	101
	40101

	
	North Side Outside Lagoon Benthic Aggregated Patch Reef
	40
	102
	40102

	
	North Side Outside Lagoon Benthic Beach Rock
	40
	103
	40103

	
	North Side Outside Lagoon Benthic Colonized Hardbottom
	40
	104
	40104

	
	North Side Outside Lagoon Benthic Individual Patch Reef
	40
	105
	40105

	
	North Side Outside Lagoon Benthic Reef Crest
	40
	106
	40106

	
	North Side Outside Lagoon Benthic Rubble
	40
	107
	40107

	
	North Side Outside Lagoon Benthic Sand
	40
	108
	40108

	
	North Side Outside Lagoon Benthic Spur and Groove
	40
	109
	40109

	
	North Side Outside Lagoon Benthic Uncolonized Hardbottom
	40
	110
	40110

	
	North Side Lagoon Benthic Backreef
	40
	111
	40111

	
	North Side Lagoon Benthic Beach Rock
	40
	112
	40112

	
	North Side Lagoon Benthic Hardbottom
	40
	113
	40113

	
	North Side Lagoon Benthic Lagoonal Coral
	40
	114
	40114

	
	North Side Lagoon Benthic Mud
	40
	115
	40115

	
	North Side Lagoon Benthic Seagrass Beds
	40
	116
	40116

	
	North Side Lagoon Benthic Sediment
	40
	117
	40117

	
	North Side Lagoon Benthic Vegetated Sand
	40
	118
	40118

	
	North Side Shoreline Cliff
	40
	119
	40119

	
	North Side Shoreline Cobble
	40
	120
	40120

	
	North Side Shoreline Cobble Mosaic
	40
	121
	40121

	
	North Side Shoreline Ironshore
	40
	122
	40122

	
	North Side Shoreline Ironshore Mosaic
	40
	123
	40123

	
	North Side Shoreline Rock
	40
	124
	40124

	
	North Side Shoreline Rock Mosaic
	40
	125
	40125

	
	North Side Shoreline Sand
	40
	126
	40126

	
	North Side Shoreline Sand Mosaic
	40
	127
	40127

	
	North Side Wetland Mangrove
	40
	128
	40128

	
	North Side Protected Land Crown Land
	40
	129
	40129

	
	North Side Species Main Turtle Nesting Beaches
	40
	139
	40139

	
	East End Outside Lagoon Benthic Aggregate Reef
	50
	101
	50101

	
	East End Outside Lagoon Benthic Aggregated Patch Reef
	50
	102
	50102

	
	East End Outside Lagoon Benthic Beach Rock
	50
	103
	50103

	
	East End Outside Lagoon Benthic Colonized Hardbottom
	50
	104
	50104

	
	East End Outside Lagoon Benthic Individual Patch Reef
	50
	105
	50105

	
	East End Outside Lagoon Benthic Reef Crest
	50
	106
	50106

	
	East End Outside Lagoon Benthic Rubble
	50
	107
	50107

	
	East End Outside Lagoon Benthic Sand
	50
	108
	50108

	
	East End Outside Lagoon Benthic Spur and Groove
	50
	109
	50109

	
	East End Outside Lagoon Benthic Uncolonized Hardbottom
	50
	110
	50110

	
	East End Lagoon Benthic Backreef
	50
	111
	50111

	
	East End Lagoon Benthic Beach Rock
	50
	112
	50112

	
	East End Lagoon Benthic Hardbottom
	50
	113
	50113

	
	East End Lagoon Benthic Lagoonal Coral
	50
	114
	50114

	
	East End Lagoon Benthic Mud
	50
	115
	50115

	
	East End Lagoon Benthic Seagrass Beds
	50
	116
	50116

	
	East End Lagoon Benthic Sediment
	50
	117
	50117

	
	East End Lagoon Benthic Vegetated Sand
	50
	118
	50118

	
	East End Shoreline Cliff
	50
	119
	50119

	
	East End Shoreline Cobble
	50
	120
	50120

	
	East End Shoreline Cobble Mosaic
	50
	121
	50121

	
	East End Shoreline Ironshore
	50
	122
	50122

	
	East End Shoreline Ironshore Mosaic
	50
	123
	50123

	
	East End Shoreline Rock
	50
	124
	50124

	
	East End Shoreline Rock Mosaic
	50
	125
	50125

	
	East End Shoreline Sand
	50
	126
	50126

	
	East End Shoreline Sand Mosaic
	50
	127
	50127

	
	East End Wetland Mangrove
	50
	128
	50128

	
	East End Protected Land Crown Land
	50
	129
	50129

	
	East End Species Main Turtle Nesting Beaches
	50
	139
	50139

	Little Cayman
	Little Cayman North Outside Lagoon Benthic Aggregate Reef
	60
	101
	60101

	
	Little Cayman North Outside Lagoon Benthic Aggregated Patch Reef
	60
	102
	60102

	
	Little Cayman North Outside Lagoon Benthic Beach Rock
	60
	103
	60103

	
	Little Cayman North Outside Lagoon Benthic Colonized Hardbottom
	60
	104
	60104

	
	Little Cayman North Outside Lagoon Benthic Individual Patch Reef
	60
	105
	60105

	
	Little Cayman North Outside Lagoon Benthic Reef Crest
	60
	106
	60106

	
	Little Cayman North Outside Lagoon Benthic Rubble
	60
	107
	60107

	
	Little Cayman North Outside Lagoon Benthic Sand
	60
	108
	60108

	
	Little Cayman North Outside Lagoon Benthic Spur and Groove
	60
	109
	60109

	
	Little Cayman North Outside Lagoon Benthic Uncolonized Hardbottom
	60
	110
	60110

	
	Little Cayman North Lagoon Benthic Backreef
	60
	111
	60111

	
	Little Cayman North Lagoon Benthic Beach Rock
	60
	112
	60112

	
	Little Cayman North Lagoon Benthic Hardbottom
	60
	113
	60113

	
	Little Cayman North Lagoon Benthic Lagoonal Coral
	60
	114
	60114

	
	Little Cayman North Lagoon Benthic Mud
	60
	115
	60115

	
	Little Cayman North Lagoon Benthic Seagrass Beds
	60
	116
	60116

	
	Little Cayman North Lagoon Benthic Sediment
	60
	117
	60117

	
	Little Cayman North Lagoon Benthic Vegetated Sand
	60
	118
	60118

	
	Little Cayman North Shoreline Cliff
	60
	119
	60119

	
	Little Cayman North Shoreline Cobble
	60
	120
	60120

	
	Little Cayman North Shoreline Cobble Mosaic
	60
	121
	60121

	
	Little Cayman North Shoreline Ironshore
	60
	122
	60122

	
	Little Cayman North Shoreline Ironshore Mosaic
	60
	123
	60123

	
	Little Cayman North Shoreline Rock
	60
	124
	60124

	
	Little Cayman North Shoreline Rock Mosaic
	60
	125
	60125

	
	Little Cayman North Shoreline Sand
	60
	126
	60126

	
	Little Cayman North Shoreline Sand Mosaic
	60
	127
	60127

	
	Little Cayman North Wetland Mangrove
	60
	128
	60128

	
	Little Cayman North Protected Land Crown Land
	60
	129
	60129

	
	Little Cayman North Species Main Turtle Nesting Beaches
	60
	139
	60139

	
	Little Cayman South Outside Lagoon Benthic Aggregate Reef
	70
	101
	70101

	
	Little Cayman South Outside Lagoon Benthic Aggregated Patch Reef
	70
	102
	70102

	
	Little Cayman South Outside Lagoon Benthic Beach Rock
	70
	103
	70103

	
	Little Cayman South Outside Lagoon Benthic Colonized Hardbottom
	70
	104
	70104

	
	Little Cayman South Outside Lagoon Benthic Individual Patch Reef
	70
	105
	70105

	
	Little Cayman South Outside Lagoon Benthic Reef Crest
	70
	106
	70106

	
	Little Cayman South Outside Lagoon Benthic Rubble
	70
	107
	70107

	
	Little Cayman South Outside Lagoon Benthic Sand
	70
	108
	70108

	
	Little Cayman South Outside Lagoon Benthic Spur and Groove
	70
	109
	70109

	
	Little Cayman South Outside Lagoon Benthic Uncolonized Hardbottom
	70
	110
	70110

	
	Little Cayman South Lagoon Benthic Backreef
	70
	111
	70111

	
	Little Cayman South Lagoon Benthic Beach Rock
	70
	112
	70112

	
	Little Cayman South Lagoon Benthic Hardbottom
	70
	113
	70113

	
	Little Cayman South Lagoon Benthic Lagoonal Coral
	70
	114
	70114

	
	Little Cayman South Lagoon Benthic Mud
	70
	115
	70115

	
	Little Cayman South Lagoon Benthic Seagrass Beds
	70
	116
	70116

	
	Little Cayman South Lagoon Benthic Sediment
	70
	117
	70117

	
	Little Cayman South Lagoon Benthic Vegetated Sand
	70
	118
	70118

	
	Little Cayman South Shoreline Cliff
	70
	119
	70119

	
	Little Cayman South Shoreline Cobble
	70
	120
	70120

	
	Little Cayman South Shoreline Cobble Mosaic
	70
	121
	70121

	
	Little Cayman South Shoreline Ironshore
	70
	122
	70122

	
	Little Cayman South Shoreline Ironshore Mosaic
	70
	123
	70123

	
	Little Cayman South Shoreline Rock
	70
	124
	70124

	
	Little Cayman South Shoreline Rock Mosaic
	70
	125
	70125

	
	Little Cayman South Shoreline Sand
	70
	126
	70126

	
	Little Cayman South Shoreline Sand Mosaic
	70
	127
	70127

	
	Little Cayman South Wetland Mangrove
	70
	128
	70128

	
	Little Cayman South Protected Land Crown Land
	70
	129
	70129

	
	Little Cayman South Species Main Turtle Nesting Beaches
	70
	139
	70139

	Cayman Brac
	Cayman Brac North Outside Lagoon Benthic Aggregate Reef
	80
	101
	80101

	
	Cayman Brac North Outside Lagoon Benthic Aggregated Patch Reef
	80
	102
	80102

	
	Cayman Brac North Outside Lagoon Benthic Beach Rock
	80
	103
	80103

	
	Cayman Brac North Outside Lagoon Benthic Colonized Hardbottom
	80
	104
	80104

	
	Cayman Brac North Outside Lagoon Benthic Individual Patch Reef
	80
	105
	80105

	
	Cayman Brac North Outside Lagoon Benthic Reef Crest
	80
	106
	80106

	
	Cayman Brac North Outside Lagoon Benthic Rubble
	80
	107
	80107

	
	Cayman Brac North Outside Lagoon Benthic Sand
	80
	108
	80108

	
	Cayman Brac North Outside Lagoon Benthic Spur and Groove
	80
	109
	80109

	
	Cayman Brac North Outside Lagoon Benthic Uncolonized Hardbottom
	80
	110
	80110

	
	Cayman Brac North Lagoon Benthic Backreef
	80
	111
	80111

	
	Cayman Brac North Lagoon Benthic Beach Rock
	80
	112
	80112

	
	Cayman Brac North Lagoon Benthic Hardbottom
	80
	113
	80113

	
	Cayman Brac North Lagoon Benthic Lagoonal Coral
	80
	114
	80114

	
	Cayman Brac North Lagoon Benthic Mud
	80
	115
	80115

	
	Cayman Brac North Lagoon Benthic Seagrass Beds
	80
	116
	80116

	
	Cayman Brac North Lagoon Benthic Sediment
	80
	117
	80117

	
	Cayman Brac North Lagoon Benthic Vegetated Sand
	80
	118
	80118

	
	Cayman Brac North Shoreline Cliff
	80
	119
	80119

	
	Cayman Brac North Shoreline Cobble
	80
	120
	80120

	
	Cayman Brac North Shoreline Cobble Mosaic
	80
	121
	80121

	
	Cayman Brac North Shoreline Ironshore
	80
	122
	80122

	
	Cayman Brac North Shoreline Ironshore Mosaic
	80
	123
	80123

	
	Cayman Brac North Shoreline Rock
	80
	124
	80124

	
	Cayman Brac North Shoreline Rock Mosaic
	80
	125
	80125

	
	Cayman Brac North Shoreline Sand
	80
	126
	80126

	
	Cayman Brac North Shoreline Sand Mosaic
	80
	127
	80127

	
	Cayman Brac North Wetland Mangrove
	80
	128
	80128

	
	Cayman Brac North Protected Land Crown Land
	80
	129
	80129

	
	Cayman Brac North Species Main Turtle Nesting Beaches
	80
	139
	80139

	
	Cayman Brac South Outside Lagoon Benthic Aggregate Reef
	90
	101
	90101

	
	Cayman Brac South Outside Lagoon Benthic Aggregated Patch Reef
	90
	102
	90102

	
	Cayman Brac South Outside Lagoon Benthic Beach Rock
	90
	103
	90103

	
	Cayman Brac South Outside Lagoon Benthic Colonized Hardbottom
	90
	104
	90104

	
	Cayman Brac South Outside Lagoon Benthic Individual Patch Reef
	90
	105
	90105

	
	Cayman Brac South Outside Lagoon Benthic Reef Crest
	90
	106
	90106

	
	Cayman Brac South Outside Lagoon Benthic Rubble
	90
	107
	90107

	
	Cayman Brac South Outside Lagoon Benthic Sand
	90
	108
	90108

	
	Cayman Brac South Outside Lagoon Benthic Spur and Groove
	90
	109
	90109

	
	Cayman Brac South Outside Lagoon Benthic Uncolonized Hardbottom
	90
	110
	90110

	
	Cayman Brac South Lagoon Benthic Backreef
	90
	111
	90111

	
	Cayman Brac South Lagoon Benthic Beach Rock
	90
	112
	90112

	
	Cayman Brac South Lagoon Benthic Hardbottom
	90
	113
	90113

	
	Cayman Brac South Lagoon Benthic Lagoonal Coral
	90
	114
	90114

	
	Cayman Brac South Lagoon Benthic Mud
	90
	115
	90115

	
	Cayman Brac South Lagoon Benthic Seagrass Beds
	90
	116
	90116

	
	Cayman Brac South Lagoon Benthic Sediment
	90
	117
	90117

	
	Cayman Brac South Lagoon Benthic Vegetated Sand
	90
	118
	90118

	
	Cayman Brac South Shoreline Cliff
	90
	119
	90119

	
	Cayman Brac South Shoreline Cobble
	90
	120
	90120

	
	Cayman Brac South Shoreline Cobble Mosaic
	90
	121
	90121

	
	Cayman Brac South Shoreline Ironshore
	90
	122
	90122

	
	Cayman Brac South Shoreline Ironshore Mosaic
	90
	123
	90123

	
	Cayman Brac South Shoreline Rock
	90
	124
	90124

	
	Cayman Brac South Shoreline Rock Mosaic
	90
	125
	90125

	
	Cayman Brac South Shoreline Sand
	90
	126
	90126

	
	Cayman Brac South Shoreline Sand Mosaic
	90
	127
	90127

	
	Cayman Brac South Wetland Mangrove
	90
	128
	90128

	
	Cayman Brac South Protected Land Crown Land
	90
	129
	90129

	
	Cayman Brac South Species Main Turtle Nesting Beaches
	90
	139
	90139





[bookmark: _Ref332206693][bookmark: _Toc332208152]Appendix 2 Final output file of Marxan best scenario for ‘base goals’ and strict status layers locked in.
	Feature ID
	Feature Name
	Target Amount (acres or miles)
	Target Amount (hectares or km)
	Amount Held (acres or miles)
	Amount Held (hectares or km)
	Occurrences Held
	Target Met
	MPM

	70126
	Little Cayman Shoreline Sand South
	0.678
	0.274
	0.700
	0.283
	7
	yes
	1

	60126
	Little Cayman Shoreline Sand North
	0.09
	0.036
	0.300
	0.121
	3
	yes
	1

	70127
	Little Cayman Shoreline Sand Mosaic South
	5.004
	2.025
	5.040
	2.040
	36
	yes
	1

	60127
	Little Cayman Shoreline Sand Mosaic North
	4.848
	1.962
	6.130
	2.481
	49
	yes
	1

	60124
	Little Cayman Shoreline Rock North
	0.087
	0.035
	0.130
	0.053
	1
	yes
	1

	70125
	Little Cayman Shoreline Rock Mosaic South
	3.141
	1.271
	3.430
	1.388
	15
	yes
	1

	60125
	Little Cayman Shoreline Rock Mosaic North
	1.893
	0.766
	1.990
	0.805
	20
	yes
	1

	70122
	Little Cayman Shoreline Ironshore South
	1.041
	0.421
	1.260
	0.510
	8
	yes
	1

	60122
	Little Cayman Shoreline Ironshore North
	5.067
	2.051
	5.110
	2.068
	13
	yes
	1

	70123
	Little Cayman Shoreline Ironshore Mosaic South
	1.632
	0.660
	1.660
	0.672
	5
	yes
	1

	60123
	Little Cayman Shoreline Ironshore Mosaic North
	5.43
	2.197
	5.440
	2.201
	24
	yes
	1

	70120
	Little Cayman Shoreline Cobble South
	0.099
	0.040
	0.180
	0.073
	2
	yes
	1

	60120
	Little Cayman Shoreline Cobble North
	1.722
	0.697
	1.740
	0.704
	22
	yes
	1

	70121
	Little Cayman Shoreline Cobble Mosaic South
	2.922
	1.182
	2.990
	1.210
	30
	yes
	1

	60121
	Little Cayman Shoreline Cobble Mosaic North
	1.107
	0.448
	1.280
	0.518
	17
	yes
	1

	20126
	Grand Cayman Shoreline Sand West Side
	11.154
	4.514
	11.290
	4.569
	72
	yes
	1

	30126
	Grand Cayman Shoreline Sand South Side
	7.848
	3.176
	7.860
	3.181
	80
	yes
	1

	10126
	Grand Cayman Shoreline Sand North Sound
	6.276
	2.540
	6.280
	2.541
	67
	yes
	1

	40126
	Grand Cayman Shoreline Sand North Side
	5.607
	2.269
	5.610
	2.270
	56
	yes
	1

	30127
	Grand Cayman Shoreline Sand Mosaic South Side
	0.546
	0.221
	0.560
	0.227
	7
	yes
	1

	10127
	Grand Cayman Shoreline Sand Mosaic North Sound
	0.468
	0.189
	0.470
	0.190
	12
	yes
	1

	40127
	Grand Cayman Shoreline Sand Mosaic North Side
	0.048
	0.019
	0.050
	0.020
	2
	yes
	1

	50127
	Grand Cayman Shoreline Sand Mosaic East End
	0.243
	0.098
	0.250
	0.101
	4
	yes
	1

	50126
	Grand Cayman Shoreline Sand East End
	3.186
	1.289
	3.230
	1.307
	36
	yes
	1

	30124
	Grand Cayman Shoreline Rock South Side
	0.927
	0.375
	0.950
	0.384
	6
	yes
	1

	40124
	Grand Cayman Shoreline Rock North Side
	0.387
	0.157
	0.910
	0.368
	5
	yes
	1

	20125
	Grand Cayman Shoreline Rock Mosaic West Side
	0.66
	0.267
	0.730
	0.295
	9
	yes
	1

	30125
	Grand Cayman Shoreline Rock Mosaic South Side
	2.652
	1.073
	2.700
	1.093
	27
	yes
	1

	10125
	Grand Cayman Shoreline Rock Mosaic North Sound
	0.525
	0.212
	0.580
	0.235
	6
	yes
	1

	40125
	Grand Cayman Shoreline Rock Mosaic North Side
	2.895
	1.172
	2.910
	1.178
	30
	yes
	1

	50125
	Grand Cayman Shoreline Rock Mosaic East End
	0.336
	0.136
	0.340
	0.138
	8
	yes
	1

	50124
	Grand Cayman Shoreline Rock East End
	0.858
	0.347
	1.180
	0.478
	7
	yes
	1

	20122
	Grand Cayman Shoreline Ironshore West Side
	9.447
	3.823
	9.600
	3.885
	68
	yes
	1

	30122
	Grand Cayman Shoreline Ironshore South Side
	9.348
	3.783
	9.370
	3.792
	57
	yes
	1

	10122
	Grand Cayman Shoreline Ironshore North Sound
	3.762
	1.522
	3.770
	1.526
	27
	yes
	1

	40122
	Grand Cayman Shoreline Ironshore North Side
	0.687
	0.278
	0.690
	0.279
	8
	yes
	1

	20123
	Grand Cayman Shoreline Ironshore Mosaic West Side
	2.817
	1.140
	2.820
	1.141
	21
	yes
	1

	30123
	Grand Cayman Shoreline Ironshore Mosaic South Side
	0.081
	0.033
	0.160
	0.065
	1
	yes
	1

	10123
	Grand Cayman Shoreline Ironshore Mosaic North Sound
	1.53
	0.619
	1.540
	0.623
	8
	yes
	1

	40123
	Grand Cayman Shoreline Ironshore Mosaic North Side
	1.164
	0.471
	1.210
	0.490
	5
	yes
	1

	50122
	Grand Cayman Shoreline Ironshore East End
	0.546
	0.221
	0.560
	0.227
	9
	yes
	1

	30120
	Grand Cayman Shoreline Cobble South Side
	0.228
	0.092
	0.350
	0.142
	8
	yes
	1

	10120
	Grand Cayman Shoreline Cobble North Sound
	0.045
	0.018
	0.060
	0.024
	2
	yes
	1

	40120
	Grand Cayman Shoreline Cobble North Side
	0.984
	0.398
	1.010
	0.409
	7
	yes
	1

	30121
	Grand Cayman Shoreline Cobble Mosaic South Side
	0.558
	0.226
	0.640
	0.259
	12
	yes
	1

	10121
	Grand Cayman Shoreline Cobble Mosaic North Sound
	0.339
	0.137
	0.360
	0.146
	4
	yes
	1

	40121
	Grand Cayman Shoreline Cobble Mosaic North Side
	1.083
	0.438
	1.100
	0.445
	14
	yes
	1

	50120
	Grand Cayman Shoreline Cobble East End
	0.015
	0.006
	0.040
	0.016
	1
	yes
	1

	30119
	Grand Cayman Shoreline Cliff South Side
	1.32
	0.534
	1.730
	0.700
	12
	yes
	1

	40119
	Grand Cayman Shoreline Cliff North Side
	0.516
	0.209
	0.520
	0.210
	10
	yes
	1

	90126
	Cayman Brac Shoreline Sand South
	1.518
	0.614
	1.530
	0.619
	16
	yes
	1

	80126
	Cayman Brac Shoreline Sand North
	0.051
	0.021
	0.120
	0.049
	1
	yes
	1

	90127
	Cayman Brac Shoreline Sand Mosaic South
	1.848
	0.748
	1.870
	0.757
	18
	yes
	1

	80127
	Cayman Brac Shoreline Sand Mosaic North
	1.41
	0.571
	1.490
	0.603
	13
	yes
	1

	90125
	Cayman Brac Shoreline Rock Mosaic South
	1.425
	0.577
	1.610
	0.652
	12
	yes
	1

	80125
	Cayman Brac Shoreline Rock Mosaic North
	4.557
	1.844
	4.560
	1.845
	32
	yes
	1

	90122
	Cayman Brac Shoreline Ironshore South
	1.92
	0.777
	2.130
	0.862
	8
	yes
	1

	80122
	Cayman Brac Shoreline Ironshore North
	7.77
	3.144
	7.780
	3.148
	27
	yes
	1

	90123
	Cayman Brac Shoreline Ironshore Mosaic South
	27.198
	11.007
	27.220
	11.016
	91
	yes
	1

	80123
	Cayman Brac Shoreline Ironshore Mosaic North
	14.172
	5.735
	14.200
	5.747
	44
	yes
	1

	90120
	Cayman Brac Shoreline Cobble South
	1.173
	0.475
	1.180
	0.478
	10
	yes
	1

	80120
	Cayman Brac Shoreline Cobble North
	2.13
	0.862
	2.200
	0.890
	19
	yes
	1

	90121
	Cayman Brac Shoreline Cobble Mosaic South
	1.74
	0.704
	1.780
	0.720
	13
	yes
	1

	80121
	Cayman Brac Shoreline Cobble Mosaic North
	2.955
	1.196
	2.960
	1.198
	25
	yes
	1

	90119
	Cayman Brac Shoreline Cliff South
	1.752
	0.709
	1.790
	0.724
	17
	yes
	1

	80119
	Cayman Brac Shoreline Cliff North
	0.831
	0.336
	0.960
	0.388
	11
	yes
	1

	70110
	Little Cayman South Benthic Habitat Uncolonized Hardbottom
	191.583
	77.531
	222.780
	90.156
	373
	yes
	1

	70109
	Little Cayman South Benthic Habitat Spur and Groove
	576.384
	233.254
	577.370
	233.653
	671
	yes
	1

	70107
	Little Cayman South Benthic Habitat Rubble
	56.118
	22.710
	75.070
	30.380
	203
	yes
	1

	70106
	Little Cayman South Benthic Habitat Reef Crest
	68.676
	27.792
	68.750
	27.822
	203
	yes
	1

	70104
	Little Cayman South Benthic Habitat Colonized Hardbottom
	101.308
	40.998
	103.760
	41.990
	237
	yes
	1

	70102
	Little Cayman South Benthic Habitat Aggregated Patch Reef
	3.92
	1.586
	5.280
	2.137
	14
	yes
	1

	60110
	Little Cayman North Benthic Habitat Uncolonized Hardbottom
	225.216
	91.142
	415.700
	168.228
	591
	yes
	1

	60109
	Little Cayman North Benthic Habitat Spur and Groove
	329.756
	133.448
	329.970
	133.534
	433
	yes
	1

	60108
	Little Cayman North Benthic Habitat Sand
	2.829
	1.145
	9.180
	3.715
	30
	yes
	1

	60107
	Little Cayman North Benthic Habitat Rubble
	28.377
	11.484
	34.270
	13.869
	165
	yes
	1

	60106
	Little Cayman North Benthic Habitat Reef Crest
	37.092
	15.011
	37.850
	15.317
	143
	yes
	1

	60104
	Little Cayman North Benthic Habitat Colonized Hardbottom
	95.92
	38.817
	114.810
	46.462
	283
	yes
	1

	60103
	Little Cayman North Benthic Habitat Beach Rock
	0.087
	0.035
	0.210
	0.085
	3
	yes
	1

	60101
	Little Cayman North Benthic Habitat Aggregate Reef
	3.656
	1.480
	6.910
	2.796
	48
	yes
	1

	20110
	Grand Cayman Benthic Habitat West Side Uncolonized Hardbottom
	312.642
	126.522
	943.010
	381.623
	1343
	yes
	1

	20109
	Grand Cayman Benthic Habitat West Side Spur and Groove
	377.056
	152.589
	838.370
	339.276
	1036
	yes
	1

	20108
	Grand Cayman Benthic Habitat West Side Sand
	50.769
	20.545
	114.900
	46.498
	302
	yes
	1

	20107
	Grand Cayman Benthic Habitat West Side Rubble
	39.063
	15.808
	109.040
	44.127
	258
	yes
	1

	20105
	Grand Cayman Benthic Habitat West Side Individual Patch Reef
	0.336
	0.136
	0.350
	0.142
	5
	yes
	1

	20104
	Grand Cayman Benthic Habitat West Side Colonized Hardbottom
	101.296
	40.993
	233.700
	94.575
	573
	yes
	1

	20103
	Grand Cayman Benthic Habitat West Side Beach Rock
	1.905
	0.771
	5.270
	2.133
	34
	yes
	1

	20102
	Grand Cayman Benthic Habitat West Side Aggregated Patch Reef
	12.848
	5.199
	25.990
	10.518
	117
	yes
	1

	20101
	Grand Cayman Benthic Habitat West Side Aggregate Reef
	4.744
	1.920
	11.860
	4.800
	35
	yes
	1

	30110
	Grand Cayman Benthic Habitat South Side Uncolonized Hardbottom
	334.371
	135.315
	364.510
	147.512
	615
	yes
	1

	30109
	Grand Cayman Benthic Habitat South Side Spur and Groove
	880.916
	356.494
	880.920
	356.496
	1081
	yes
	1

	30108
	Grand Cayman Benthic Habitat South Side Sand
	6.864
	2.778
	11.660
	4.719
	19
	yes
	1

	30107
	Grand Cayman Benthic Habitat South Side Rubble
	100.077
	40.500
	140.530
	56.870
	327
	yes
	1

	30106
	Grand Cayman Benthic Habitat South Side Reef Crest
	84.336
	34.130
	85.330
	34.532
	268
	yes
	1

	30104
	Grand Cayman Benthic Habitat South Side Colonized Hardbottom
	70.516
	28.537
	98.630
	39.914
	167
	yes
	1

	30101
	Grand Cayman Benthic Habitat South Side Aggregate Reef
	15.9
	6.435
	15.970
	6.463
	28
	yes
	1

	10110
	Grand Cayman Benthic Habitat North Sound Uncolonized Hardbottom
	232.821
	94.219
	577.930
	233.880
	845
	yes
	1

	10109
	Grand Cayman Benthic Habitat North Sound Spur and Groove
	271.976
	110.065
	272.160
	110.139
	376
	yes
	1

	10108
	Grand Cayman Benthic Habitat North Sound Sand
	5.001
	2.024
	5.350
	2.165
	16
	yes
	1

	10107
	Grand Cayman Benthic Habitat North Sound Rubble
	50.283
	20.349
	130.110
	52.654
	300
	yes
	1

	10106
	Grand Cayman Benthic Habitat North Sound Reef Crest
	31.12
	12.594
	64.080
	25.932
	242
	yes
	1

	10105
	Grand Cayman Benthic Habitat North Sound Individual Patch Reef
	0
	0.000
	0.000
	0.000
	1
	 
	1

	10104
	Grand Cayman Benthic Habitat North Sound Colonized Hardbottom
	126.108
	51.034
	193.150
	78.165
	398
	yes
	1

	10102
	Grand Cayman Benthic Habitat North Sound Aggregated Patch Reef
	0.24
	0.097
	0.410
	0.166
	3
	yes
	1

	40110
	Grand Cayman Benthic Habitat North Side Uncolonized Hardbottom
	164.58
	66.603
	209.670
	84.850
	360
	yes
	1

	40109
	Grand Cayman Benthic Habitat North Side Spur and Groove
	251.636
	101.833
	251.760
	101.884
	349
	yes
	1

	40107
	Grand Cayman Benthic Habitat North Side Rubble
	24.717
	10.003
	35.640
	14.423
	165
	yes
	1

	40106
	Grand Cayman Benthic Habitat North Side Reef Crest
	31.94
	12.926
	32.030
	12.962
	144
	yes
	1

	40104
	Grand Cayman Benthic Habitat North Side Colonized Hardbottom
	136.256
	55.141
	148.380
	60.047
	300
	yes
	1

	40102
	Grand Cayman Benthic Habitat North Side Aggregated Patch Reef
	1.756
	0.711
	3.120
	1.263
	13
	yes
	1

	40101
	Grand Cayman Benthic Habitat North Side Aggregate Reef
	31.944
	12.927
	32.310
	13.075
	80
	yes
	1

	50110
	Grand Cayman Benthic Habitat East End Uncolonized Hardbottom
	130.179
	52.682
	194.570
	78.740
	306
	yes
	1

	50109
	Grand Cayman Benthic Habitat East End Spur and Groove
	524.02
	212.063
	524.080
	212.088
	587
	yes
	1

	50107
	Grand Cayman Benthic Habitat East End Rubble
	37.947
	15.357
	50.540
	20.453
	140
	yes
	1

	50106
	Grand Cayman Benthic Habitat East End Reef Crest
	51.22
	20.728
	51.360
	20.785
	144
	yes
	1

	50104
	Grand Cayman Benthic Habitat East End Colonized Hardbottom
	47.524
	19.232
	81.440
	32.958
	114
	yes
	1

	90110
	Cayman Brac South Benthic Habitat Uncolonized Hardbottom
	224.091
	90.686
	345.620
	139.867
	557
	yes
	1

	90109
	Cayman Brac South Benthic Habitat Spur and Groove
	623.04
	252.135
	623.280
	252.232
	762
	yes
	1

	90108
	Cayman Brac South Benthic Habitat Sand
	4.437
	1.796
	13.510
	5.467
	39
	yes
	1

	90107
	Cayman Brac South Benthic Habitat Rubble
	13.824
	5.594
	33.950
	13.739
	117
	yes
	1

	90106
	Cayman Brac South Benthic Habitat Reef Crest
	13.744
	5.562
	24.920
	10.085
	128
	yes
	1

	90105
	Cayman Brac South Benthic Habitat Individual Patch Reef
	0.024
	0.010
	0.060
	0.024
	1
	yes
	1

	90104
	Cayman Brac South Benthic Habitat Colonized Hardbottom
	100.92
	40.841
	101.760
	41.181
	271
	yes
	1

	90102
	Cayman Brac South Benthic Habitat Aggregated Patch Reef
	25.2
	10.198
	47.180
	19.093
	117
	yes
	1

	80110
	Cayman Brac North Benthic Habitat Uncolonized Hardbottom
	224.256
	90.753
	224.580
	90.884
	374
	yes
	1

	80109
	Cayman Brac North Benthic Habitat Spur and Groove
	553.108
	223.835
	553.310
	223.917
	658
	yes
	1

	80107
	Cayman Brac North Benthic Habitat Rubble
	2.655
	1.074
	2.760
	1.117
	22
	yes
	1

	80106
	Cayman Brac North Benthic Habitat Reef Crest
	2.044
	0.827
	2.410
	0.975
	10
	yes
	1

	80104
	Cayman Brac North Benthic Habitat Colonized Hardbottom
	91.396
	36.987
	91.410
	36.992
	222
	yes
	1

	80102
	Cayman Brac North Benthic Habitat Aggregated Patch Reef
	2.276
	0.921
	3.990
	1.615
	12
	yes
	1

	70128
	Little Cayman Coastal Mangrove South
	7.372
	2.983
	7.390
	2.991
	21
	yes
	1

	30128
	Grand Cayman Coastal Mangrove South Side
	7.628
	3.087
	7.660
	3.100
	23
	yes
	1

	10128
	Grand Cayman Coastal Mangrove North Sound
	652.54
	264.074
	972.770
	393.666
	1300
	yes
	1

	70118
	Little Cayman Lagoon Benthic South Vegetated Sand
	99.4
	40.226
	99.400
	40.226
	469
	yes
	1

	70117
	Little Cayman Lagoon Benthic South Sediment
	143.715
	58.159
	260.140
	105.275
	534
	yes
	1

	70116
	Little Cayman Lagoon Benthic South Seagrass Beds
	146.908
	59.452
	150.170
	60.772
	507
	yes
	1

	70114
	Little Cayman Lagoon Benthic South Lagoonal Coral
	5.496
	2.224
	10.150
	4.108
	57
	yes
	1

	70113
	Little Cayman Lagoon Benthic South Hardbottom
	40.452
	16.370
	45.380
	18.365
	224
	yes
	1

	70112
	Little Cayman Lagoon Benthic South Beach Rock
	2.133
	0.863
	4.440
	1.797
	22
	yes
	1

	70111
	Little Cayman Lagoon Benthic South Backreef
	49.264
	19.936
	49.600
	20.072
	177
	yes
	1

	60118
	Little Cayman Lagoon Benthic North Vegetated Sand
	35.08
	14.196
	35.220
	14.253
	135
	yes
	1

	60117
	Little Cayman Lagoon Benthic North Sediment
	18.516
	7.493
	24.840
	10.052
	170
	yes
	1

	60116
	Little Cayman Lagoon Benthic North Seagrass Beds
	34.048
	13.779
	34.330
	13.893
	136
	yes
	1

	60114
	Little Cayman Lagoon Benthic North Lagoonal Coral
	4.636
	1.876
	7.550
	3.055
	69
	yes
	1

	60113
	Little Cayman Lagoon Benthic North Hardbottom
	52.962
	21.433
	86.320
	34.932
	241
	yes
	1

	60112
	Little Cayman Lagoon Benthic North Beach Rock
	0.15
	0.061
	0.420
	0.170
	9
	yes
	1

	60111
	Little Cayman Lagoon Benthic North Backreef
	12.344
	4.995
	12.360
	5.002
	43
	yes
	1

	30118
	Grand Cayman Lagoon Benthic South Side Vegetated Sand
	126.316
	51.118
	126.350
	51.132
	624
	yes
	1

	30117
	Grand Cayman Lagoon Benthic South Side Sediment
	196.728
	79.613
	244.990
	99.144
	680
	yes
	1

	30116
	Grand Cayman Lagoon Benthic South Side Seagrass Beds
	231.304
	93.605
	231.450
	93.664
	611
	yes
	1

	30115
	Grand Cayman Lagoon Benthic South Side Mud
	2.976
	1.204
	8.070
	3.266
	32
	yes
	1

	30114
	Grand Cayman Lagoon Benthic South Side Lagoonal Coral
	19.984
	8.087
	20.030
	8.106
	362
	yes
	1

	30113
	Grand Cayman Lagoon Benthic South Side Hardbottom
	119.235
	48.253
	163.770
	66.275
	531
	yes
	1

	30112
	Grand Cayman Lagoon Benthic South Side Beach Rock
	1.737
	0.703
	2.210
	0.894
	24
	yes
	1

	30111
	Grand Cayman Lagoon Benthic South Side Backreef
	43.816
	17.732
	51.390
	20.797
	201
	yes
	1

	10118
	Grand Cayman Lagoon Benthic North Sound Vegetated Sand
	1322.692
	535.274
	1337.980
	541.461
	1866
	yes
	1

	10117
	Grand Cayman Lagoon Benthic North Sound Sediment
	290.568
	117.589
	612.960
	248.056
	1100
	yes
	1

	10116
	Grand Cayman Lagoon Benthic North Sound Seagrass Beds
	5687.568
	2301.677
	5687.590
	2301.686
	6203
	yes
	1

	10115
	Grand Cayman Lagoon Benthic North Sound Mud
	738.798
	298.981
	1746.450
	706.763
	2044
	yes
	1

	10114
	Grand Cayman Lagoon Benthic North Sound Lagoonal Coral
	23.648
	9.570
	25.880
	10.473
	147
	yes
	1

	10113
	Grand Cayman Lagoon Benthic North Sound Hardbottom
	487.014
	197.088
	589.900
	238.724
	1121
	yes
	1

	10112
	Grand Cayman Lagoon Benthic North Sound Beach Rock
	0.141
	0.057
	0.330
	0.134
	7
	yes
	1

	10111
	Grand Cayman Lagoon Benthic North Sound Backreef
	21.044
	8.516
	40.050
	16.208
	179
	yes
	1

	40118
	Grand Cayman Lagoon Benthic North Side Vegetated Sand
	34.02
	13.767
	34.210
	13.844
	233
	yes
	1

	40117
	Grand Cayman Lagoon Benthic North Side Sediment
	36.453
	14.752
	37.530
	15.188
	238
	yes
	1

	40116
	Grand Cayman Lagoon Benthic North Side Seagrass Beds
	76.228
	30.848
	76.310
	30.882
	223
	yes
	1

	40114
	Grand Cayman Lagoon Benthic North Side Lagoonal Coral
	1.356
	0.549
	1.380
	0.558
	51
	yes
	1

	40113
	Grand Cayman Lagoon Benthic North Side Hardbottom
	19.719
	7.980
	26.350
	10.663
	189
	yes
	1

	40112
	Grand Cayman Lagoon Benthic North Side Beach Rock
	0.69
	0.279
	1.060
	0.429
	17
	yes
	1

	40111
	Grand Cayman Lagoon Benthic North Side Backreef
	44.764
	18.115
	46.420
	18.786
	168
	yes
	1

	50118
	Grand Cayman Lagoon Benthic East End Vegetated Sand
	125.032
	50.599
	125.510
	50.792
	471
	yes
	1

	50117
	Grand Cayman Lagoon Benthic East End Sediment
	109.605
	44.356
	153.930
	62.293
	483
	yes
	1

	50116
	Grand Cayman Lagoon Benthic East End Seagrass Beds
	276.192
	111.771
	281.690
	113.996
	536
	yes
	1

	50114
	Grand Cayman Lagoon Benthic East End Lagoonal Coral
	12.332
	4.991
	15.710
	6.358
	258
	yes
	1

	50113
	Grand Cayman Lagoon Benthic East End Hardbottom
	42.171
	17.066
	52.050
	21.064
	255
	yes
	1

	50112
	Grand Cayman Lagoon Benthic East End Beach Rock
	0.753
	0.305
	0.760
	0.308
	8
	yes
	1

	50111
	Grand Cayman Lagoon Benthic East End Backreef
	18.3
	7.406
	18.300
	7.406
	86
	yes
	1

	90118
	Cayman Brac Lagoon Benthic South Vegetated Sand
	4.664
	1.887
	4.760
	1.926
	29
	yes
	1

	90117
	Cayman Brac Lagoon Benthic South Sediment
	4.158
	1.683
	4.640
	1.878
	44
	yes
	1

	90116
	Cayman Brac Lagoon Benthic South Seagrass Beds
	14.496
	5.866
	14.590
	5.904
	65
	yes
	1

	90113
	Cayman Brac Lagoon Benthic South Hardbottom
	15.09
	6.107
	24.100
	9.753
	87
	yes
	1

	90112
	Cayman Brac Lagoon Benthic South Beach Rock
	0.246
	0.100
	0.250
	0.101
	8
	yes
	1

	90111
	Cayman Brac Lagoon Benthic South Backreef
	13.052
	5.282
	20.280
	8.207
	82
	yes
	1

	80116
	Cayman Brac Lagoon Benthic North Seagrass Beds
	0.032
	0.013
	0.050
	0.020
	4
	yes
	1

	80113
	Cayman Brac Lagoon Benthic North Hardbottom
	3.018
	1.221
	3.800
	1.538
	10
	yes
	1

	80111
	Cayman Brac Lagoon Benthic North Backreef
	0.908
	0.367
	1.080
	0.437
	7
	yes
	1

	70129
	Little Cayman Crown Land South
	3.332
	1.348
	3.980
	1.611
	8
	yes
	1

	60129
	Little Cayman Crown Land North
	0.636
	0.257
	0.710
	0.287
	6
	yes
	1

	10129
	Grand Cayman Crown Land North Sound
	233.776
	94.606
	486.540
	196.896
	679
	yes
	1

	90129
	Cayman Brac Crown Land South
	3.064
	1.240
	3.120
	1.263
	18
	yes
	1

	80129
	Cayman Brac Crown Land North
	0.412
	0.167
	0.500
	0.202
	9
	yes
	1

	90139
	Cayman Brac Main Turtle Nesting Beaches South (Line)
	0.684
	1.101
	0.700
	1.127
	21
	yes
	1

	80139
	Cayman Brac Main Turtle Nesting Beaches North (Line)
	0.184
	0.296
	0.280
	0.451
	8
	yes
	1

	70139
	Little Cayman Main Turtle Nesting Beaches South (Line)
	1.496
	2.408
	1.510
	2.430
	50
	yes
	1

	60139
	Little Cayman Main Turtle Nesting Beaches North (Line)
	1.764
	2.839
	1.770
	2.849
	51
	yes
	1

	50139
	Grand Cayman Main Turtle Nesting Beaches East End (Line)
	0.136
	0.219
	0.200
	0.322
	6
	yes
	1

	40139
	Grand Cayman Main Turtle Nesting Beaches North Side (Line)
	1.396
	2.247
	1.400
	2.253
	49
	yes
	1

	30139
	Grand Cayman Main Turtle Nesting Beaches South Side (Line)
	1.504
	2.420
	1.700
	2.736
	50
	yes
	1

	20139
	Grand Cayman Main Turtle Nesting Beaches West Side (Line)
	2.144
	3.450
	2.480
	3.991
	78
	yes
	1

	10139
	Grand Cayman Main Turtle Nesting Beaches North Sound (Line)
	1.164
	1.873
	1.310
	2.108
	42
	yes
	1
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Appendix 3 Data (2011) used for the Simplified Integrated Reef Health Index for the Cayman Islands.
	Site ID
	Site Name
	Key Commercial Fish (g.100 m2) NB: Grouper & Snapper only
	Value
	Key Herbivorous Fish (g.100m2) NB: parrot fish and Surgeonfish only
	Value
	Mean % Live Hard Coral Cover
	Value
	Mean Fleshy Macroalgal Cover (%)
	Value
	Total
	Average (1-5)

	1
	Big Tunnels
	6577
	5
	1867
	2
	12.80
	3.00
	31.20
	1.00
	11.00
	2.75

	2
	North West Point (Wpt # 58)
	no data
	 
	no data
	 
	5.50
	2.00
	11.40
	3.00
	5.00
	2.50

	3
	Shallow Control West Side
	1723
	5
	3741
	5
	11.30
	3.00
	34.65
	1.00
	14.00
	3.50

	4
	Victoria Secret
	845
	3
	2990
	4
	17.45
	3.00
	26.25
	1.00
	11.00
	2.75

	5
	Deep Control
	2030
	5
	2398
	3
	8.75
	2.00
	28.00
	1.00
	11.00
	2.75

	6
	Oro Verde 
	5599
	5
	2933
	4
	10.80
	3.00
	26.30
	1.00
	13.00
	3.25

	7
	Holiday Inn Drop-off
	1745
	5
	1248
	2
	12.10
	3.00
	32.30
	1.00
	11.00
	2.75

	8
	Caribbean Paradise
	1420
	4
	2109
	3
	8.95
	2.00
	34.50
	1.00
	10.00
	2.50

	9
	Mesa
	no data
	 
	no data
	 
	11.30
	3.00
	33.00
	1.00
	4.00
	2.00

	10
	Seaview Reef
	514
	2
	1858
	2
	17.40
	3.00
	20.85
	2.00
	9.00
	2.25

	11
	Eagle Ray Rock
	2036
	5
	1295
	2
	17.50
	3.00
	29.90
	1.00
	11.00
	2.75

	12
	Pallas Reef West
	173
	1
	1702
	2
	8.75
	2.00
	24.25
	2.00
	7.00
	1.75

	13
	Pallas Pinnacle Deep
	2128
	5
	1216
	2
	10.90
	3.00
	67.20
	1.00
	11.00
	2.75

	14
	Spotts Reef
	1031
	3
	4199
	5
	16.95
	3.00
	44.45
	1.00
	12.00
	3.00

	15
	Spotts Deep
	3398
	5
	2361
	3
	3.55
	1.00
	53.45
	1.00
	10.00
	2.50

	16
	Mance Road Shallow
	no data
	 
	no data
	 
	13.45
	3.00
	28.50
	1.00
	4.00
	2.00

	17
	Mance Road Deep
	no data
	 
	no data
	 
	11.05
	3.00
	53.15
	1.00
	4.00
	2.00

	18
	Breakers Shallow
	721
	2
	2523
	3
	11.45
	3.00
	40.90
	1.00
	9.00
	2.25

	19
	Breakers Deep
	148
	1
	2545
	3
	10.50
	3.00
	35.00
	1.00
	8.00
	2.00

	20
	McKenny's Canyon
	1612
	4
	2053
	3
	11.50
	3.00
	44.60
	1.00
	11.00
	2.75

	21
	Grouper Grotto
	526
	2
	3046
	4
	10.60
	3.00
	19.50
	2.00
	11.00
	2.75

	22
	Black Rock
	1698
	5
	4283
	5
	10.55
	3.00
	60.85
	1.00
	14.00
	3.50

	23
	Fish Tank
	674
	2
	4060
	5
	8.50
	2.00
	55.25
	1.00
	10.00
	2.50

	24
	Apollo Deep
	168
	1
	2590
	3
	7.75
	2.00
	44.65
	1.00
	7.00
	1.75

	25
	Apollo Shallow
	69
	1
	1417
	2
	13.05
	3.00
	62.00
	1.00
	7.00
	1.75

	26
	Delilah's Delight
	307
	1
	2002
	3
	8.95
	2.00
	39.25
	1.00
	7.00
	1.75

	27
	Andy's Reef
	1670
	4
	3049
	4
	10.70
	3.00
	27.65
	1.00
	12.00
	3.00

	28
	White Stroke Canyon
	3524
	5
	2594
	3
	5.85
	2.00
	54.50
	1.00
	11.00
	2.75

	29
	Pinnacles
	693
	2
	1413
	2
	4.75
	1.00
	47.75
	1.00
	6.00
	1.50

	30
	Main Street
	2621
	5
	2496
	3
	7.85
	2.00
	50.90
	1.00
	11.00
	2.75

	31
	Conch Point / Wpt# 23 / Pappagallo's reef
	353
	1
	1603
	2
	13.25
	3.00
	51.85
	1.00
	7.00
	1.75

	32
	Pirates Point Reef
	4457
	5
	2916
	4
	17.25
	3.00
	44.40
	1.00
	13.00
	3.25

	33
	Paddy's Place
	3433
	5
	2528
	3
	25.13
	4.00
	54.87
	1.00
	13.00
	3.25

	34
	Black Hole
	4630
	5
	1826
	2
	30.10
	4.00
	35.75
	1.00
	12.00
	3.00

	35
	Windsock Reef
	3292
	5
	3439
	4
	26.45
	4.00
	42.35
	1.00
	14.00
	3.50

	36
	Lucas Ledges
	397
	1
	1654
	2
	17.05
	3.00
	47.00
	1.00
	7.00
	1.75

	37
	Rock House Reef
	2799
	5
	2646
	3
	10.93
	3.00
	51.47
	1.00
	12.00
	3.00

	38
	Coral City
	1028
	3
	2464
	3
	19.15
	3.00
	40.25
	1.00
	10.00
	2.50

	39
	Diggary Point
	836
	2
	1897
	2
	12.60
	3.00
	39.67
	1.00
	8.00
	2.00

	40
	Sail Fin Reef
	211
	1
	1021
	2
	10.55
	3.00
	36.75
	1.00
	7.00
	1.75

	41
	Booby Pass
	704
	2
	1295
	2
	9.53
	2.00
	19.33
	2.00
	8.00
	2.00

	42
	Waypoint 9
	507
	2
	1180
	2
	10.70
	3.00
	25.85
	1.00
	8.00
	2.00

	43
	Waypoint 20
	143
	1
	1538
	2
	12.65
	3.00
	31.25
	1.00
	7.00
	1.75

	44
	Eagle Ray Roundup
	934
	3
	1308
	2
	17.40
	3.00
	23.00
	2.00
	10.00
	2.50

	45
	Bus Stop / Jackson Reef and Wall
	4913
	5
	2056
	3
	12.85
	3.00
	28.10
	1.00
	12.00
	3.00

	46
	Three Fathoms Wall
	5318
	5
	2036
	3
	13.25
	3.00
	31.20
	1.00
	12.00
	3.00

	47
	Randy's Gazebo
	2731
	5
	2647
	3
	8.10
	2.00
	34.25
	1.00
	11.00
	2.75

	48
	Tarpon Reef
	1369
	4
	1350
	2
	7.60
	2.00
	45.25
	1.00
	9.00
	2.25

	49
	Butterfly Reef
	91
	1
	2078
	3
	13.35
	3.00
	46.90
	1.00
	8.00
	2.00

	50
	Seafeather Wall
	1870
	5
	1004
	2
	22.40
	4.00
	52.00
	1.00
	12.00
	3.00

	51
	Cayman Cays
	509
	2
	1477
	2
	18.50
	3.00
	45.45
	1.00
	8.00
	2.00

	52
	Manta canyon
	no data
	 
	no data
	 
	20.07
	4.00
	58.47
	1.00
	5.00
	2.50

	53
	Waypoint 42
	221
	1
	1550
	2
	14.20
	3.00
	56.93
	1.00
	7.00
	1.75

	54
	Waypoint 41
	176
	1
	1786
	2
	13.10
	3.00
	29.35
	1.00
	7.00
	1.75

	55
	Rock Monster Chimney
	no data
	 
	no data
	 
	18.50
	3.00
	51.85
	1.00
	4.00
	2.00

	56
	Bert's Brother
	298
	1
	1623
	2
	10.65
	3.00
	72.35
	1.00
	7.00
	1.75

	57
	Tailor Wall West
	no data
	 
	no data
	 
	7.07
	2.00
	36.53
	1.00
	3.00
	1.50

	58
	Shark Hole
	1089
	3
	1098
	2
	16.20
	3.00
	43.75
	1.00
	9.00
	2.25

	59
	Jan's Drop
	191
	1
	1038
	2
	6.60
	2.00
	63.93
	1.00
	6.00
	1.50

	60
	Grunt Valley
	3532
	5
	1609
	2
	9.45
	2.00
	58.40
	1.00
	10.00
	2.50

	61
	Charlie's Reef
	1846
	5
	1756
	2
	8.10
	2.00
	37.00
	1.00
	10.00
	2.50

	62
	Cemetery Wall
	1149
	3
	1461
	2
	12.70
	3.00
	47.40
	1.00
	9.00
	2.25

	63
	Piper's wall
	no data
	 
	no data
	 
	6.00
	2.00
	57.15
	1.00
	3.00
	1.50
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