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Executive Summary 

Marine Protected Areas for People and the Environment  
The marine and coastal environment of The Bahamas provides habitat for a diversity of animals and 
plants and numerous benefits for the Bahamian people.  Yet coral reefs, mangroves, sand flats, beaches 
and other ecosystems across the archipelago suffer from a growing intensity of activities in the coastal 
zone, putting at risk the fisheries, tourism, storm protection, and other values from nature that underlie 
ǘƘŜ ŎƻǳƴǘǊȅΩǎ ŜŎƻƴƻƳȅ ŀƴŘ ŜƴǎǳǊŜ ƘǳƳŀƴ ǿŜƭƭōŜƛƴƎΦ 

The Bahamas has the opportunity to protect and manage coastal and marine ecosystems and the 
wealth of economic benefits they provide to Bahamians and beyond.   

Bahamas Protected is a three-year initiative to effectively manage and expand the Bahamian marine 
protected areas (MPA) network to safeguard the economic value of marine ecosystems. It aims to 
support the Government of The Bahamas in meeting its commitment to the Caribbean Challenge 
Initiative (CCI) in which 11 countries pledged to protect 20% of marine and coastal habitat by 2020 with 
sustainable financing for effective management.  Bahamas Protected is a joint effort between The 
Nature Conservancy (TNC), Bahamas National Trust (BNT), Bahamas Reef Environment Educational 
Foundation (BREEF), and multiple national stakeholders, with major funding from Oceans 5.  As a 
component of Bahamas Protected, the Natural Capital Project was contracted to quantify the economic 
value of Bahamian MPAs and the influence of alternative management scenarios on future values.  

±ŀƭǳƛƴƎ ƴŀǘǳǊŜΩǎ ōƻǳƴǘy to promote marine protection  

Traditional approaches to MPA management have historically focused on ecological considerations, such 
as a sufficient area and diversity of habitats and proximity.  While such ecological considerations are 
essential for the sustainability of critical species, they may miss the importance of MPAs and ecosystems 
for humans.  Increasingly, conservation practitioners, government agencies, and other stakeholders are 
ŎƻƴǎƛŘŜǊƛƴƎ ǘƘŜ ōŜƴŜŦƛǘǎ ǘƘŀǘ ƴŀǘǳǊŜ ǇǊƻǾƛŘŜǎ ǘƻ ǇŜƻǇƭŜΣ ƻǊ ΨŜŎƻǎȅǎǘŜƳ ǎŜǊǾƛŎŜǎΦΩ  

Diverse and functioning ecosystems provide myriad economic benefits that can be sustained through 
protected area management.  Nearshore habitats bolster the stocks of commercial and recreational 
fisheries, beaches and reefs draw tourists, and coastal forests and seagrasses buffer storm waves, 
mitigate ŎƭƛƳŀǘŜΣ ŀƴŘ ǇǊƻƳƻǘŜ ǿŀǘŜǊ ǉǳŀƭƛǘȅΦ  .ŀǎŜŘ ƻƴ ǘƘŜ bŀǘǳǊŀƭ /ŀǇƛǘŀƭ tǊƻƧŜŎǘΩǎ ǇǊŜǾƛƻǳǎ ǿƻǊƪ ƛƴ 
The Bahamas and throughout the Caribbean, we quantified the economic value for the existing MPA 
network of four ecosystem services that reflect important shared values of Bahamians (Fig ES-1).   

Nursery habitats to 
support lobster fisheries 

Vibrant tourism 
Communities protected 

from coastal hazards 
Carbon storage for 
climate mitigation 

    

Å $23.5 million in export 
value annually 
Å 6 million lbs. catch 

annually  

Å $67.6 million in 
expenditures annually 
Å 383,000 visitor-days 

annually  

Å Reduced exposure to 
39,000 people and 
$806 million in annual 
income  

Å $5 billion in avoided 
carbon emissions 
Å 400 million tons CO2 in 

mangroves & seagrass  
 
Figure ES-1.  Economic value of four ecosystem services provided by The Bahamas MPA network.   
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Additional services that would likely increase the overall value of the network (Hargreaves-Allen 2016) 
include: 

¶ Fisheries support worth $268/km2/year from coral reef, mangrove, seagrass, and tidal creek 

¶ Freshwater supply worth $15.5/km2/year from tidal creek 

¶ Water and water quality services worth $508/km2/year coral reef, mangrove, seagrass, and 
tidal creek 

¶ Cultural and aesthetic services worth $324/km2/year from coral reef, seagrass, beach, tidal 
creek, and open water 

Spatial variation in the value of ecosystem services provided by the MPA network  

Past work by The Nature Conservancy, the Bahamas National Trust, Dr. Venetia Hargreaves-Allen, and 
others have assembled considerable information about the economic value of ecosystems, species, and 
MPAs in The Bahamas.  The Natural Capital Project built on this knowledge by estimating spatial 
variation in the economic value of ecosystem services within the existing MPA network. 

 
Figure ES-2. Designated marine protected areas of The Bahamas.  NP=National Park, MP=Marine Park, MR=Marine Reserve, 
MMA=Marine Managed Area.   
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The values for individual MPAs vary greatly across the network, as a function of ecological, social, and 
economic factors.  These differences can be used to inform management. 

The Andros West Side National Park, Marls of Abaco National Park, and Cay Sal Marine 
Managed Area contain a higher proportion of their ǊŜƎƛƻƴΩǎ ƳŀƴƎǊƻǾŜǎ ŀƴŘ ǎŜŀƎǊŀǎǎ than 
other protected areas in those regions and thus exemplify priority areas for management to 
ensure the economic benefits of fisheries into the future.  The economic value of MPAs for 

their nursery habitat contribution to the spiny lobster fishery depends on MPA size, extent of nursery 
habitat, and proximity to adult, shallow shelf habitat, as well as other factors such as larval recruitment.   
 

The higher tourism expenditures attributable to Southwest New Providence Marine 
Managed Area and Exuma Cays Land & Sea Park illustrate the importance of infrastructure 
and access for supporting tourism and highlight how investing in protection and 
management of coral reef and fish communities can foster a world-renowned location for 
tourism. 
 

Half the population of San Salvador and 1/3 the population of the Berry Islands are at lower 
risk due to ecosystems within MPAs.  More than 30,000 people on the island of New 
Providence live in areas partially protected by corals in SWMMA and coastal forests in 
Bonefish National Park.  The economic value of coral reefs, seagrass beds, mangroves, and 

coppice within MPAs for reducing the storm risk of coastal communities depends on exposure (e.g., 
shallow, wide shelfs are associated with storm surge) and proximity to coastal populations.                                                                                                    

 

Andros West Side National Park and Marls of Abaco store the most carbon in the network, 
valued at more than $3.5 billion and $500 million in avoided carbon emissions, 
respectively.  The economic value of particular MPAs varies spatially, due to size (and thus 
area of carbon-storing habitat), relative abundance of seagrass vs mangroves (mangroves 
store more carbon   per unit area), and abiotic factors (e.g., precipitation, temperature). 

Table ES-1. Value of four ecosystem services provided by existing marine protected areas in The Bahamas.  

Ecosystem 

Service 

Values provided by the existing MPA 

network 

Factors that influence spatial variation in 

MPA value (not comprehensive) 

Tourism 383,000 visitor-days and $67.6 million in 

expenditures annually 

Island differences in visitation, expenditure, 

habitat extent, access, infrastructure  

Coastal 

protection 

Reduced exposure to 39,000 people and 

$806 million in income annually 

Habitat type and quality, coastal elevation, 

shoreline type, surge potential, wave 

characteristics, sea-level rise, proximity of 

habitats in MPA to coastal population  

Nursery habitat 

for spiny 

lobster 

6 million lbs. and $23.5 million in revenue 

from the lobster fishery is attributable to 

nursery habitat annually 

Habitat type and extent, larval recruitment 

to nursery habitat, proximity of nursery 

habitat to shallow shelf habitat for adults  

Carbon storage 

for climate 

mitigation 

400 million tons of CO2 stored and  

$5 billion in avoided damages from 

emissions globally 

Relative abundance of mangroves and 

seagrass, carbon stored in soil and 

aboveground biomass (based on climate).  



4 
 

Island-scale valuation of ecosystem services to inform future management 

The MPAs in the current network differ in their economic value of ecosystem services and management 
status.  Some MPAs have finalized management plans and others have plans in the development stage.  
Still other islands are scoping the potential of MPAs to manage coastal and marine activities in the 
future.  We explored the influence of current and future management of nearshore activities on 
economic values of ecosystem services for five different areas. 

Exuma Cays Land and Sea Park is the oldest marine protected area in The Bahamas and the only one 
managed as a no-take area.  The fisheries, tourism, and carbon storage and sequestration values 
indicate the importance of continued investment into the ECLSP for enforcement, boats, infrastructure 
and more to maintain these benefits now and into the future. Within the park, our analysis estimates  

¶ Visitors spend $6.6 million annually from 23,000 visitor-days. 

¶ Nursery habitat supports $1 million in export value of spiny lobster 
annually and 240,000 lbs. in catch. 

¶ Coral, seagrass, and mangrove protect much of the Exuma Cays 
coastline and reduce the risk of coastal hazards for people along the 
southern extent of the Cays (low population precludes assigning a coastal 
protection value to ECSLP).   

¶ Seagrass and mangroves prevent over $130 million in avoided damages 
due to emissions by storing more than 10.7 million tons of carbon. 

¶ Previous studies indicate increased biomass and reproductive capacity for lobster, Nassau grouper, 
and queen conch within the park and that improved fisheries outside the park, along with increased 
high-end tourism and property values within the park, has generated over $9 million in direct and 
measurable economic impact in a single year. 

 
!ƴŘǊƻǎΩ ²Ŝǎǘ Side National Park, Joulter Cays, North and South Marine Parks, and Barrier Reef 
provide a wealth of natural resources.  The Sustainable Development Master Plan for Andros informs 
investments in infrastructure and education to support livelihoods, while safeguarding the ecosystems 
ǘƘŀǘ ǳƴŘŜǊƭƛŜ ǘƘŜ ƛǎƭŀƴŘΩǎ ŜŎƻƴƻƳȅ ŀƴŘ ƘǳƳŀƴ ǿŜƭƭōŜƛƴƎΦ  The Master Plan would   

¶ Increase tourism expenditures from $113 million currently to $170 million, an 
increase of more than 35% in Mangrove Cay and North Andros and 10% and 20% 
in South and Central Andros, respectively.  In contrast, intensive development 
would concentrate tourism in the North and South districts, further exacerbating 
the unequal distribution of wealth. 

¶ Increase the value to the lobster fishery provided by nursery habitats in 
Andros MPAs by $6.5 million, from $14.5 to $21 million annually. 

¶ Protect more than 60% of the populated coast of Andros (up from 50%, $2.4 
million, currently protected). Unregulated development and destructive fishing 
practices would more than triple the number of people at risk from flooding and 
erosion. 

¶ Increase carbon storage assets, worth $6 billion in Andros West Side National 
Park, by 3% and safeguard against $550 million in damages possible under more intensive 
development.  

¶ Previous studies show that natural resources on Andros generate $155.6 million in direct economic 
revenue (2015 dollars), including $52,000 from fishing and roughly $25,000 from crabbing and sponging 
(Hargreaves-Allen 2010).  
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Southwest New Providence Marine Managed Area borders the most populated island in The Bahamas. 
SWMMA provides benefits to a multitude of users, yet the cumulative risk from human activitiesτ
development, dredging, oil leakage, tourism, invasive species, fishing, and marine transportationτ
threatens to reduce the services the area provides.  Our risk-based analysis for SWMMA estimates that 

¶  Visitors currently spend an estimated $14 million 
annually, yet this could be increased by 14% if habitats 
faced lower risk of degradation.  

¶ Risk from current activities reduces, by 50%, the 
contribution of nursery habitat for lobster, a loss of 
$127,000 (from $259,600 if habitats faced no risk of 
degradation from human activities). 

¶ 6% of New tǊƻǾƛŘŜƴŎŜΩǎ ǇƻǇǳƭŀǘƛƻƴ (and 12% of its 
income) is at greater risk from storms as a result of current 
risk to habitats.  Habitats around New Providence could 

protect up to 30,000 people if they faced no risk. 

¶ Habitats in SWMMA could store up to 2.45 million tons of carbon, but are compromised by risk from 
current activities, storing only 1/2 as much than if they faced no risk, at a global cost of $16 million.   

¶ Restoring ~6 km2 of coral within the park could result in $662,000 more in visitor-expenditure 
annually and would protect an additional 22,000 people and $606 million in annual income.  
 
North Bimini Marine Reserve (NBMR) was approved in 2010 but never officially gazetted.  Management 

actions that reduce the risk of degradation have the potential to benefit not only the 
seagrass, mangroves, coral, and species, but also the people of Bimini that rely on 
these ecosystems for their sustenance, livelihood, and safety.  Within the reserve 

¶ An estimated 19,500 tourists visit each year, spending $3.3 million. 

¶ Nursery habitat supports nearly $300,000 in lobster export value and 76,505 lbs. 
of catch annually.  

¶ Mangroves, seagrass, and even the little bit of coral within the reserve reduce 
the risk to coastal hazard for nearly half of the population of north Bimini (3,000 
people), valued at $31.2 million annually.   

¶ Mangroves and seagrasses store over 3.5 million tons of carbon, worth $46.2 
million in avoided damages.  
 

Eleuthera does not currently have any MPAs, yet adjacent habitats provide important benefits, 
demonstrating the potential value of MPA designation.  These metrics could be used to engage diverse 
stakeholders (e.g. residents, fishers, and tour guides) around MPA designation.  Benefits include   

¶ $30 million in visitor-expenditures are generated in Northern Eleuthera, 
followed by $17 million and $11.5 million in Central and Southern Eleuthera, 
respectively. 

¶ $5.7 million annually in lobster export value (from 1.5 million lbs. in 
catch) is attributable to nursery habitat around Eleuthera. 

¶ All 11,000 people living on the island benefit from the reduction in 
coastal hazards marine ecosystems provide, especially along the high hazard 
areas to the north, the eastern side of the island, and Southern Eleuthera. 

¶ Mangroves and seagrass store more than 120 million tons of carbon, 
worth more than $1.5 billion in avoided damages.  
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Implications of findings for MPA policy, planning, and management  

According to our analysis, MPAs are worth $67.6 million annually in tourism expenditures, 2.6% of 
overall expenditures in 2015.  Ecosystems within the existing MPA network are worth more than $23.5 
million annually in nursery habitat values for spiny lobster.  Due to spatial variation in proximity of 
nursery and adult habitat, the nursery value of the MPA network contributes to 50% of the overall value 
of the lobster fishery, which in turn provides more than 1,300 active lobster jobs (Sealey 2011).  In 
addition, ecosystems in the network provide $806 million annually in coastal protection benefits, 
reducing the risk of coastal hazards, such as Hurricanes Mathew and Joaquin, to nearly 40,000 people 
living along coastlines throughout the country.  Mangroves and seagrass within the MPA network store 
400 million tons of carbon, worth $5 billion in avoided emissions globally.    
 

¶ Effective management is important for maintaining and growing the economic value of the 
existing network of MPAs, as the examples of SWMMA and Andros show.  Only four out of the 
40 existing MPAs have management plans finalized; 14 sites have draft plans.  Without effective 
management and financing to protect coastal and marine ecosystems, The Bahamas puts at risk 
the economic value of its fisheries and tourism sectors and increases its vulnerability to 
hurricanes and climate change.  
 

¶ The economic value and benefits of coastal and marine ecosystems for all Bahamians illustrates 
the importance of considering MPA management within the context of comprehensive planning 
processes.  Vision 2040 and the Integrated Coastal Zone Management processes on a national 
scale, and sustainable development planning on a local scale, provide opportunities to 
incorporate MPA management.   
 

¶ By maintaining the economic value of ecosystem services provided by functional habitats, well-
managed MPAs can help The Bahamas achieve several of its international commitments, such as 
those under the Convention on Biological Diversity.  Additionally, several Sustainable 
Development Goals are related to MPAs including, healthy oceans (Goal 14), poverty alleviation 
(Goal 1), hunger (Goal 2), health (Goal 3), climate action (Goal 13), and sustainable cities and 
communities (Goal 11). 
 

¶ An ecosystem services approach and models can be used to quantify the economic value of 
possible sites for future protection under the 20-by-20 challenge.  Exploring the economic value 
of alternative protected area options can help to ensure that management strategies maximize 
benefits and minimize costs to local communities, as well as generate social support from 
adjacent residents to ensure that the protected areas meet community expectations.   
 

¶ By fostering an iterative process between ecosystem service valuation and stakeholder 
engagement, Bahamas Protected has the opportunity to understand how management 
decisions made today will influence the sustainability and economic value of ecosystems into 
the future, to enhance information exchange, transparency, and positive participant interaction, 
and to ensure local support and management of new sites in the Bahamian MPA network. 

Conclusion  
The economic value of ecosystem services and the livelihoods they support indicate the importance of 
taking action to protect and manage the MPA network now in order to ensure economic and societal 
benefits to Bahamians, the Caribbean, and people world-wide into the future.  Please see the complete 
report for the full analysis of spatial variation in ecosystem services provided by the MPA network and 
island-scale valuation to inform management.    
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1. Introduction 

Background 

The marine and coastal ecosystems of The Bahamas provide habitat to a diversity of animals and plants 

and numerous benefits to the Bahamian people.  Thousands of miles of beach, extensive sand flats, 

barrier and fringing reefs, and the highest density of blue holes in the world are home to many species, 

including turtles, flamingos, and coral reef fish (Thurlow and Palmer 2007), and draw more than 6 

million tourists annually (Ministry of Tourism 2015).  Several commercial, recreational and subsistence 

fisheries support livelihoods and provide sustenance to the Bahamian people (Hargreaves-Allen 2010, 

Department of Marine Resources 2014).  While these coastal and ocean activities are critical to The 

Bahamian economy and well-being of its people, they also pose risks to the very ecosystems that make 

them possible.  For example, coastal development for tourism and housing can lead to mangrove 

clearing and pollution; over-fishing threatens economically and ecologically important fish as well as the 

coral reefs they depend upon (Halpern et al. 2008).  Hurricanes such as Joaquin and Mathew underscore 

the dangers settlements and cities face with rising seas, a growing intensity and frequency of storms, 

and loss of natural resources that buffer shorelines (Arkema et al. 2017, Sullivan Sealey et al. 2017).   

To safeguard coastal and marine ecosystems in the Bahamian archipelago and throughout the 

Caribbean, The Government of The Bahamas and governments of ten other countries and territories 

have committed to the Caribbean Challenge Initiative (CCI).  This regional agenda involves protecting 

and effectively managing 20% of marine and coastal ecosystems in each country by 2020 όǘƘŜ Ωнл-by-нлΩ 

goal) and ensuring that the conserved areas are effectively managed into the future inclusive of a 

reliable, long-term finance structure.  To meet this target, The Bahamas continues to expand on its 

existing network of Marine Protected Areas (MPAs) since 2008, which currently covers 10% of nearshore 

and marine environments.  The goal of the initiative is not only to expand coverage of protected sites.  

Effective implementation and management of the protected areas will be needed to fulfill national 

conservation objectives, mitigate and adapt to projected climate change impacts, and to ensure the 

sustainability of ecosystems and the benefits they provide to Bahamian people and beyond. 

Bahamas Protected is a three-year initiative to effectively manage and expand the Bahamian marine 

protected areas (MPA) network.  It aims to support the Government of The Bahamas in meeting its 

commitment to the Caribbean Challenge Initiative (CCI).  Bahamas Protected is a joint effort between 

The Nature Conservancy, the Bahamas National Trust, the Bahamas Reef Environment Educational 

Foundation and multiple national stakeholders, with major funding from the international philanthropic 

organization, Oceans 5.  One component of Bahamas Protected is the quantification of ecosystem 

services provided by coastal and marine ecosystems to make the economic case and build awareness 

and support for MPA declaration.  

Economic Valuation of Protected Areas   

Traditional approaches to MPA planning have focused on ecological goals and habitat parameters (Carr 

2000).  While ecological considerations are essential for conserving sufficient area and diversity of 

habitats in close enough proximity to ensure the sustainability of critical species and habitats, they may 

miss the importance of conserving and managing ecosystems for human communities.  Increasingly, 

conservation practitioners, government agencies, coastal planners, and other stakeholders are 
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ŎƻƴǎƛŘŜǊƛƴƎ ǘƘŜ ōŜƴŜŦƛǘǎ ǘƘŀǘ ƴŀǘǳǊŜ ǇǊƻǾƛŘŜǎ ǘƻ ǇŜƻǇƭŜΣ ƻǊ ΨŜŎƻǎȅǎǘŜƳ ǎŜǊǾƛŎŜǎΩΣ ƛƴ ǘƘŜƛǊ ŀǇǇǊƻŀŎƘŜǎ ǘƻ 

coastal and marine management (Arkema et al. 2015, Langridge et al. 2014, White et al. 2012).  Using an 

ecosystem services approach to inform planning and management of MPAs can help generate social 

support from adjacent residents (Hamu et al. 2004, Abecasis et al. 2013) and ensure that the MPAs meet 

community expectations and align with residents' livelihood and culture (Meyer and Helfman 1993, 

Hayes et al. 2015).  

Globally, the ecological, economic, and social impacts of MPAs vary widely (Lester et al. 2009, Mascia et 

al. 2017, Gill et al. 2017).  MPAs often increase the biomass, density, size, and diversity of otherwise 

exploited species within park boundaries, with corresponding indirect effects on other species and 

adjacent areas such as increased larval recruitment and spillover of adult fish (Abesamis and Russ 2005, 

Amargo et al. 2010, and Januchowski et al. 2013).  However, outcomes from MPA establishment vary 

considerably among different sites.  A recent study suggests a strong relationship between achievement 

of conservation objectives and effective management, adequate staffing, and sufficient financial 

resources (Gill et al. 2017).  One of the largest and most financially viable MPAs in the world is the Great 

Barrier Reef Marine Park (GBRMP), with economic value of more than $5.5 billion per year in benefits to 

local economies and employment estimated at 53,800 jobs.  Moreover, the expansion of no-take zones 

in GBRMP in 2004 appears to have contributed to widespread recovery of depleted fish stocks (McCook 

et al. 2010).  MPA establishment in other regions has also had positive economic benefits (Somonte et 

al. 2010, Hargreaves-Allen 2012, Schuhmann and Mahon 2015, Hargreaves-Allen and Pendleton 2016).  

The social impacts of MPAs are widely debated and less well-understood (Mascia et al. 2017).  

In The Bahamas, several previous studies have assembled considerable information about the economic 

value of ecosystems, species, and MPAs (Hargreaves-Allen 2010, 2011, 2016, Micheletti 2016).  Our 

review of the past literature (see below) suggests that flats and estuaries, coral reefs, and mangroves 

are the most highly valued habitats, ranging in value from more than 30,000 to more than one million 

per square kilometer per year (adjusted to 2015 values).  These habitats vary in the services they 

provide, for example coral reefs are important for tourism and coastal protection, but have not been 

shown to contribute substantially to carbon storage and sequestration.  While mangroves, tidal creeks 

and flats provide important fisheries and carbon storage and sequestration values.  These studies are 

useful for producing total economic value of ecosystems for multiple ecosystem services and raising 

awareness about the importance of protecting coastal and marine ecosystems for people as well as the 

environment.  However, economic values of ecosystem services vary spatially with differences in 

ecological, social, and economic factors.  For example, coastal protection values tend to be higher where 

coral reefs are in shallow water near wide swaths of mangroves and fronting populated areas versus 

places where corals are deep, mangroves are sparse, and there are few buildings.  Given this variation, 

what is needed to inform the management and declaration of MPAs is a better understanding of the 

economic value of ecosystems across the diverse network of MPAs and how management decisions 

made today will influence ecosystem services provided to Bahamians in the future. 

To quantify the economic value of ecosystems within the marine protected area network, the Bahamas 

Protected project collaborated with the Natural Capital Project (NatCap).  NatCap works with leaders of 

countries, companies, communities, and organizations worldwide to develop practical tools and 

ŀǇǇǊƻŀŎƘŜǎ ǘƻ ŀŎŎƻǳƴǘ ŦƻǊ ƴŀǘǳǊŜΩǎ ŎƻƴǘǊƛōǳǘƛƻƴǎ ǘƻ ǎƻŎƛŜǘȅ ǘƻ ŜƴŀōƭŜ ǘƘŜƳ ǘƻ ǘŀƪŜ ŀŎǘƛƻƴ ŦƻǊ ŀ ƳƻǊŜ 

sustainable future.  NatCap has developed a suite of ecosystem service models that connect habitat 

quality to ecosystem services and produce metrics in biophysical, economic and social terms.  We have 
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tested several of the service models for coastal and marine ecosystems in The Bahamas over the last 

two years to inform a master plan for Andros Island (Arkema et al. 2016, BRL Ingénierie 2017).   

NatCap worked with the Bahamas Protected project to leverage our in-country experience and 

economic models to quantify the economic value of Bahamian MPAs to inform their work towards the 

20-by-20 goal.  In particular, we (1) reviewed past studies of economic value of marine ecosystems, 

species, and MPAs in The Bahamas, (2) used open-source software to quantify the economic value of 

the existing network of MPAs, (3) explored management issues and quantified ecosystem services at an 

island scale for five regions with MPAs of varying management regimes, (4) suggested future directions 

for using an ecosystem services approach to inform declaration of new MPAs, and (5) provided a final 

report, including a written summary, synthesis and graphics to support communication about the 

biophysical, economic and social value of MPAs in The Bahamas and suggest policy implication.  The 

following document is organized into five main sections the report on our findings for each of the five 

objectives above, beginning with a section reviewing the four priority ecosystem services we analyzed 

that reflect shared Bahamian values for ecosystem services provided by coastal and marine systems.  
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Figure 1. Bahamas marine protected areas network.  Important habitats for providing ecosystem services are also shown: 

Seagrass beds (light green), mangrove forests (dark green), corals (light pink).  NP=national park, MMA= Marine Managed Area, 
MR= Marine Reserve, MP=Marine Park.  

2. Priority ecosystem services  

Based on conversations with the core team, as well as ǘƘŜ bŀǘǳǊŀƭ /ŀǇƛǘŀƭ tǊƻƧŜŎǘΩǎ ǇǊŜǾƛƻǳǎ ǿƻǊƪ ƛƴ ¢ƘŜ 

Bahamas and throughout the Caribbean, we identified four benefits that reflect some of the most 

important shared values of Bahamians.  Because of their importance for the national economy, 

livelihoods, and sustenance, fisheries and tourism related values are often the benefits from nature that 

first and foremost resonate with stakeholders.  After hurricane Joaquin in 2015 and hurricane Matthew 

in 2016, stakeholders, decision-makers, NGOs, and coastal planners, are showing increased interest in 
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the role of ecosystems in providing a natural buffer from storm impact, flooding, and sea-level rise.  

Finally, while the importance of ecosystems as carbon sinks is relatively new and not often mentioned 

by stakeholders during initial conversations about their values for coastal and marine ecosystems, the 

fact that small island, Caribbean nations are at the forefront of threats from climate change, makes the 

benefits of climate mitigation provided by blue carbon all the more relevant.   

 

Fishing vessel and tourist destination along the coast of Andros (photo by Jacklyn Mandoske).  

Nursery habitats for spiny lobster fishery 
Fishing is an especially important activity for Bahamians, as people country-wide depend on fisheries for 

income and sustenance.  National and foreign fishing pressure, along with poorly conducted and 

excessive coastal development and pollution could degrade nursery habitats for economically important 

fishes, potentially threatening this valuable resource.  Nationally, the most valuable export fishery is the 

spiny lobster.  From 1997 to 2014, The Bahamas exported an average of 6 million lbs. of lobster tails 

(equivalent to 16.9 million lbs. whole lobster), with an average value of $66 million (Department of 

Marine Resources).  Spiny lobster depends on nearshore habitats, including seagrass, mangroves, and 

other nearshore vegetation like the red algae, Laurencia, during their early life stages.  Impacts to these 

habitats can have consequences for the productivity of the fishery as a whole.  We focused our analysis 

on spiny lobster, seagrass, and mangroves because it is the most valuable export fishery, because 

country-wide datasets of seagrass and mangroves exist (we lack such datasets for Laurencia), and 

because the Department of Marine Resources releases periodic reports with the necessary parameters 

to model this species quantitatively and to estimate the economic value of nursery habitats in MPAs. 

Tourism and recreation 
Tourism is a major part of the economy of The Bahamas.  In 2015, over 6 million foreigners visited The 

Bahamas and contributed $2.5 billion to the economy. Based on exit survey reporting, the three most 

popular tourist activities are beach-going, rest and relaxation, and snorkeling (Ministry of Tourism 2015). 

Significant portions of tourists also listed diving, deep-sea fishing, bonefishing, and birdwatching as 

reasons for their trip. These activities, as well as the reputation of The Bahamas as a destination, are 

dependent on the natural beauty and healthy natural resources provided by marine and coastal 

ecosystems such as coral reefs.  ! ǊŜŎŜƴǘ Ǿŀƭǳŀǘƛƻƴ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ Ŏƻral reefs estimated that reef-

associated visits in The Bahamas generate over $500 million in visitor expenditures, approximately 

муΦр҈ ƻŦ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ǘƻǘŀƭ ǘƻǳǊƛǎǘ ŜȄǇŜƴŘƛǘǳǊŜǎ ŀƴŘ сΦо҈ ƻŦ D5t ό{ǇŀƭŘƛƴƎ Ŝǘ ŀƭ. 2017). 
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Since ten percent of the archipelagic zone is currently designated in a network of protected areasτwith 

more designations to comeτtourists are already spending time and money, and gaining valuable 

experiences, within the MPA network, whether they are aware of it or not.  Therefore, accurately 

estimating the economic value of tourism to these places, and the social value of the experiences of 

tourists and locals, depends first on accurately measuring the popularity, or visitation rates, of these 

places.  Estimating visitation rates and expenditures related to site-visits within each individual MPA has 

not been done before this analysis, and is a necessary first step to understanding the tourism value of 

the network as a whole. 

 

Waves breaking on the shoreline and mangrove root systems (photo by Jaclyn Mandoske). 

Coastal protection provided by natural buffers  
Sea level rise, storm surge, and flooding are major issues throughout the Caribbean (Simpson et al. 

2010, IPCC 2014).  The .ŀƘŀƳŀǎΩ ƭƻǿ-lying nature makes it particularly vulnerable.  Hurricanes Joaquin 

and Matthew demonstrated this vulnerability (ERM 2017, Sullivan Sealey et al. 2017) and recent 

analyses project over $1 billion in average annual losses due to inland and coastal flooding in the future 

(ERM 2017). Seawalls have historically been used to mitigate these effects, but are expensive to build 

and maintain and often have adverse and unintended consequences (Burgess et al. 2004, Hillen et al. 

2010). Marine and coastal habitatsτprimarily coral reefs, seagrass, and coastal forestsτcan attenuate 

waves and surge associated with storms, in some cases mitigating flooding and coastal erosion (Barbier 

et al. 2008, Zhang et al. 2012, Spalding et al. 2014).  Understanding where and to what extent natural 

habitats may be providing valuable coastal protection services is important for communities seeking to 

manage coastal resources.  Identifying where habitat in existing MPAs is particularly important for 

helping to reduce the risk of coastal hazards to people and property can help to prioritize the 

development of effective management plans for high priority MPAs. 

Carbon storage and sequestration 
Mangroves and seagrasses have been widely recognized as major carbon sinks that can store and 

sequester carbon for decades to millennia (Chmura et al. 2003).  Carbon stored and sequestered by 

Ŏƻŀǎǘŀƭ ŜŎƻǎȅǎǘŜƳǎ ƛǎ ƛƴŎǊŜŀǎƛƴƎƭȅ ōŜƛƴƎ ǊŜŦŜǊǊŜŘ ǘƻ ŀǎ άōƭǳŜ ŎŀǊōƻƴέ ŘǳŜ ǘƻ ǘƘŜƛǊ ǎƛƎƴƛŦƛŎŀƴǘ ŎƻƴǘǊƛōǳǘƛƻƴ 

as a carbon sink (Mclead et al. 2011) The ability of coastal ecosystems to contribute substantially to 
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carbon storage is largely due to the carbon content in the soils, as well as high rates of carbon burial in 

soils (Mclead et al 2011). Furthermore, land use changes that degrade or destroy coastal habitats have 

the potential to release large amounts of stored carbon into the atmosphere (Donato et al. 2011). Land 

use changes currently account for 8ς20% of global greenhouse gas emissions (Pendleton et al. 2012), 

and since carbon released from coastal habitats is often not accounted for in national greenhouse gas 

inventories (Crooks et al. 2011), it may be a significant further source of carbon emissions.  As research 

on climate change mitigation has grown, there has been increasing attention on maintaining and 

restoring wetlands, mangroves, and seagrass for their carbon storage and sequestration services 

through strengthening policy and practical management decisions (Crooks et al. 2011), such as 

declaration and management of MPAs.  Further, emerging carbon markets and the REDD+ program1 

offer opportunities for The Bahamas to capitalize on the protection of these habitats.  

3. Literature review of past work on economic values of ecosystems, 

species, ecosystem services, and MPAs in The Bahamas 

Background and objectives  
A wealth of research has been done throughout the world, Caribbean, and The Bahamas to understand 

and quantify the benefits that natural capitalτhabitats, ecosystems, species, and moreτprovide to 

people.  Constanza and others (1997, 2014), Daily (1997), Barbier and others (2011), and De Groot and 

ƻǘƘŜǊǎ όнлмнύ ƛƎƴƛǘŜŘ ǘƘŜ Ǝƭƻōŀƭ ŎƻƴǾŜǊǎŀǘƛƻƴ ŀǊƻǳƴŘ ǘƘŜ ǾŀƭǳŜ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ŜŎƻǎȅǎǘŜƳ ǎŜǊǾƛŎŜǎ ŀƴŘ 

natural capital.  In the subsequent years, local, regional and national studies around the world have 

improved the methodology for valuing habitats and the ecosystem services they provide2.  A key lesson 

is that the value of ecosystem services varies spatially with differences in ecological, social, and 

economic factors (Ruckelshaus et al. 2015).  Scientists and economists are increasingly aiming to account 

for these differences to inform management of natural resources, including marine protected areas. 

Our objective was to review the available information on the economic value of species, habitats, and 

marine protected areas in The Bahamas.  We completed this work with the hope that our compilation 

and synthesis would inform current activities within The Bahamas Protected project and provide context 

for our analysis of the economic value of ecosystem services provided by the existing network.  

Methodology 
We surveyed the peer-reviewed and grey literature using existing ecosystem service databases, primary 

literature searches, google scholar searches, searches for reports by local experts, recommendations 

from partners, and the citations found within each publication.  We used Hargreaves-!ƭƭŜƴΩǎ ƭƛǘŜǊŀǘǳǊŜ 

review for the Integrated Coastal Zone Management plan as a starting point, referencing the global and 

regional studies and thoroughly incorporating the handful of Bahamian studies.  We focused on studies 

that were specific to The Bahamas2 and included metrics that quantified the value of habitats or 

ecosystem services with the country.  Values did not need to be monetary, but they did need to include 

demand from people for the services (i.e., we did not include in this review the wealth of strictly 

                                                           
1 REDD stands for countries efforts to reduce emissions from deforestation and forest degradation, and foster 
conservation, sustainable management of forests and enhancement of forest carbon stocks. 
2 For a review of regional valuation studies, please see Schuhmann and Mahon 2015.  For a review of global 
valuation studies, please see Torres and Hanley 2016.  
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ecological studies of coastal and marine ecosystem services in The Bahamas.  Such a review would have 

been beyond the scope of this study). 

We cataloged publications and reports based on the habitats and services included.  We then 

summarized results for the most relevant habitats and ecosystem services.  We selected which habitats 

and services to further explore based on the availability of previous work, the types of metrics reported 

(e.g., monetary, numbers of people affected), and the priorities identified by the core team.  We 

adjusted reported values by inflation in order to report all values in 2015 Bahamian dollars.  

Results and interpretation  
Twenty-three studies met our criteria for selection and were included in our database.  The majority of 

these studies are not otherwise compiled in known global, regional, or national databases of ecosystem 

service values.  For example, Economics of Ecosystems and Biodiversity (TEEB)τthe global initiative to 

recognize, demonstrate, and capture the value of natureτhas created a database3
 of valuation studies 

to further its mission, yet none of the 37 Caribbean studies included are specific to The Bahamas.  

Similarly, the Marine Ecosystem Services Partnership database4 includes 45 studies from the Caribbean 

and only four are from The Bahamas4.  Despite limited representation in global databases, the 23 

Bahamas-specific studies included indicate the rich history and knowledge around certain ecosystem 

services in The Bahamas. 

The 23 studies included represent a range of locations, approaches, metrics, and priorities.  Roughly half 

of the studies were conducted for the entire Bahamas and the remaining half were specific to islands or 

island groups.  Four studies focused on Eleuthera, three on Exuma, two on Abaco, one on New 

Providence, and one on Andros.  The majority of these studies use a benefits transfer approach and 

present the value of habitats or services per unit area.  Other studies, especially those related to 

fisheries catch, measured economic export value or estimated the number of jobs.  Half of the studies in 

included the value of habitats or ecosystems in their analysis (see database).  Mangroves were the most 

commonly included ecosystem, followed closely by coral and then seagrass (Figure 2).  All but one study 

included valuation of at least one ecosystem service.  Fisheries were mostly commonly quantified and 

valued, followed by tourism and then, more distantly, by climate mitigation, cultural value, biodiversity, 

and water quality (Figure 2).  In some cases, values could be readily compared between studies, while in 

others cases, metrics were not appropriate to further summarize.  Based on the focus of this 

consultancy, the number of relevant studies, and the types of metrics included, we selected ecosystems 

and services to further summarize below.  Please see the associated database to see the full range of 

metrics and values for each habitat and service. 

      

                                                           
3 http://www.teebweb.org/publication/tthe-economics-of-ecosystems-and-biodiversity-valuation-database-
manual/ 
4 http://www.marineecosystemservices.org/databases 
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Figure 2. Number of valuation studies including different habitats and ecosystem services in The Bahamas. 

Past analyses of habitat and ecosystem valuation 
Of the habitats and ecosystems included in previous valuation studies, flats and estuaries were valued 

most highly, followed by coral reefs and mangroves.  Values for tidal creeks (including tidal flats and 

estuaries) ranged from $35,000 to $1.75 million km2/year.  The greatest value (and variability in value) 

of tidal creeks comes from their ability to protect coastline, which can provide values of $150,000 to 

over $1.5 million/km2/year.  Tidal flats also provide important values for fisheries support and carbon 

sequestration (Hargreaves-Allen 2016).  The range of values for coral value and mangrove (including 

tidal mangrove creeks) are similarly wide: from $44,500 - $1.35 million/km2/year for coral and $850,000 

-  $1.2 million/km2/year for mangrove (Figure 3).  Again, the estimated greatest value (and variation in 

value) for these habitats comes from coastal protection (e.g., $38,500 - $1.3 million/km2/year for coral).  

In addition to coastal protection value, coral is important for its contribution to divers, snorkelers and 

recreation more broadly ($198,000 km2/year).  Commercial and subsistence fisheries are also dependent 

on coral and this fisheries support is estimate at $31,000-91,000 km2/year (Hargreaves-Allen 2016).  

Mangroves derive additional value through providing nursery habitat for fisheries and storing and 

sequestering carbon.  Past studies have valued seagrass and forests (including pine, coppice, and shrub) 

at far lower values.  Seagrass has been valued from $500-150,000/km2/year and forests values are 

clustered around $72-74,000/km2/year (Figure 3).  Unlike other habitats, seagrass derives most of its 

value for its role in carbon sequestration. 

For each habitat, the largest economic values come from the most recent benefits-transfer analysis, 

which used improved methodology at a national scale to inform the Integrated Coastal Zone 
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Management plan.  This approach included the array of services provided by each habitat (an update to 

previous work where values were not available), while simultaneously reducing double counting by 

άŎƻƴǎƛŘŜǊƛƴƎ ƻǾŜǊƭŀǇΣ ǘǊŀŘŜ-ƻŦŦΣ ŀƴŘ ǎȅƴŜǊƎȅ ōŜǘǿŜŜƴ ŘƛŦŦŜǊŜƴǘ ǎŜǊǾƛŎŜǎέ by only including final (rather 

than intermediate) services and matching studies based on many criteria (Hargreaves-Allen 2016). 

 
Figure 3.  Economic valuation of habitats as determined by different studies (adjusted to 2015 values).   Sources are adjacent to 
the data point: SFG 2013 is Clavelle and Jylkka 2013 (as reported for the Sustainable Fisheries Group), H-A is Hargreaves-Allen, 
and M. et al. is Micheletti et al. 2016 

Past analyses of ecosystem service valuation  

Fisheries 

Of all of the ecosystem service values found throughout the literature and published data, fisheries 

catch and export value are the most readily available, with some studies also reporting associated 

employment.  Yet, reported catch and export value are likely substantial underestimates of the value of 

fisheries for The Bahamas.  Though time, the lobster fishery has been the most prolific, bringing in 2,301 

metric tons per year from 2006 to 2009 (Dept. of Marine Resources in Hargreaves-Allen 2010) with an 

export value of over $64.5 million.  However, Smith and Zeller (2016) suggest that lobster catch during 

that time was likely closer to 10,500 metric tons, 4.5 times the reported landings.  Reef fish are reported 

as the second most valuable fishery, bringing in nearly $60 million in export value (FAO 2009, 

Hargreaves-Allen 2010).  Individual scalefish species, conch, crab, and sponge contribute substantially, 

$0.5-10 million in export value annually each.  In addition, much of catch of these species are traded 

locally and not reported in national export statistics (e.g. land crab on Andros island; Hargreaves-Allen 

2010).  An estimated 33,100 metric tons per year (1950-2010 average) are caught in the subsistence 

fishery (Smith and Zeller 2016), providing food security to countless Bahamians.  If reconstructed values 

for other sectors are any indication, the value of fisheriesτcommercial, recreation, and subsistenceτ

are likely much larger than reported at the national scale.     

In addition to the commonly published catch and export value, a few studies help to demonstrate the 

importance of the fishing industry for employment.  Gittens and Braynen (ND) estimate there to be over 

4,000 Bahamian fishing vessels and Micheletti et al. (2016) estimate there to be 800 around Great Abaco 

alone.  FAO (2009) report there to be 9,300 people employed in the industry while Hargreaves-Allen 

(2010) reports there to be 3,800 part-time fishers and an additional 52 vendors, processors, and 



 

11 
 

exporters.  Further, Sullivan Sealey (2011) estimate roughly 1,300 active lobster fishers throughout the 

islands, with the most around Grand Bahama, Spanish Wells, Abacos, and New Providence.  As with 

catch, these values are likely underestimates.  In whole, the fishery industry is a vital component of 

Bahamians livelihoods.  

Tourism  

With over 4.5 million visitors annually, contributing over 60% to the national economy, tourism is vital to 

The Bahamas (Ministry of Tourism in Hargreaves-Allen and Pendleton 2010).  Stopover visitors in 2007 

spent over $402 million (Hargreaves-Allen and Pendleton 2010).  Yet, these national statistics miss some 

of the implied revenue, aggregated economic impacts, and the livelihoods supported.  The implied 

revenue from nature based tourism on Andros alone is over $24.5 million, with bonefishing lodges 

contributing the greatest amount (Hargreaves-Allen 2010).  Demonstrating that the economic impacts 

extend beyond visitor expenditure, expenditure for guided and non-guided fishing is over $75 million 

annually, while the estimated aggregated economic impact is over double that (Fedler 2010).  

Expenditure related to sharksτfor cinema, research, diving and moreτis over $50 million annually; the 

aggregated economic impact is, again, well over double at nearly $115 million annually (Haas 2017).  As 

with fisheries, tourism also supports the livelihoods of Bahamians, though these data are limited.  On 

Andros alone, nature-based tourism supports an estimated 518 people on an island with a population of 

roughly 8,000 (Hargreaves-Allen 2010).  Across the country, there are over 300 fishing guides (Fedler 

2010).  These samples offer just a glimpse of the value of tourism to The Bahamas, both in terms of 

visitor expenditure, but also aggregated economic impact and livelihoods. 

Coastal protection 

While fewer studies examine the role of natural habitats in protecting people, livelihoods, and income 

from storms and erosion, the value of coastal protection is consistently high. Most recently, coastal 

habitats have been estimated to provide $3.9 billion per km2 in coastal protection and nearly $120 

million in erosion control (Hargreaves-Allen 2016).  Though determined using older methodology, 

habitats on Exuma and Andros were estimated to provide over $8.5 and $6.8 million per km2, 

respectively, in disturbance regulation (Hargreaves-Allen 2011, Hargreaves-Allen 2010).  In past work on 

Andros for the creation of the Master Plan, the Natural Capital Project found that natural habitats 

protected over 95 km of shoreline, and 50% of the coastal population and annual income.  On east Great 

Abaco, the disturbance protection from coastal habitats provided an avoided cost of $1,137 for 

communities and $1,348 in avoided costs for government.  The erosion protection provided an 

additional $33,423 in avoided costs for government (Micheletti et al. 2016).  Studies including coastal 

protectionτthough limited in numberτubiquitously find the role of habitats in protecting shorelines 

from storms and erosion to be one of the most valuable.  

Climate mitigation and carbon storage 

Relatively little work has previously been done to evaluate and estimate the value of natural capital in 

climate mitigation and carbon storage.  In a study of four sites on Eleuthera, dwarf mangroves were 

found to store 11.12 Mg/ha, though the amount of carbon varied widely between samples and sites 

(Baretto et al. 2015).  In a more comprehensive study, habitats in The Bahamas were found to be worth 

nearly $4,000 per km2 per year for carbon sequestration (Hargreaves-Allen 2016).  There may be fewer 

studies on carbon storage because of the difficulty of measuring carbon in specific locations, as well as 

the uncertainty and volatility of carbon markets and the social cost of carbon.  Yet, we know that coastal 
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habitats like mangrove and seagrass play an important role in storing and sequestering CO2 and that the 

globally felt social cost of emitted carbon is high (IWG 2016).  

4. Spatial variation in ecosystem services provided by the current 

network of MPAs  
Previous studies of economic valuation for coastal and marine ecosystem services in The Bahamas have 

been useful for valuing a suite of services provided by different habitats and raising awareness about the 

importance of these ecosystems for supporting the economy of the country and well-being of its people.  

To build on this previous work and further inform the management of a diverse network of current and 

future MPAs extending across a country of islands varying in their ecological, social, and economic 

context, we used a suite of production function models called InVEST (Sharp et al. 2017) to value 

ecosystem services provided by coral reefs, mangroves, seagrasses and other habitats (e.g., beaches, 

tidal flats etc.) within MPAs (Guerry et al. 2012).  A production function approach links differences in 

time and space in the ecological structure and function of ecosystems with variation in services that 

ecosystems provide to people (Tallis and Polasky 2009).  These models have been used elsewhere in the 

Caribbean (Arkema et al. 2015, 2017) and around the world to inform a diversity of coastal and marine 

management decisions (Ruckelshaus et al. 2015).  We used these production functions to value the 

benefits from coastal habitats within the existing MPA network (covering 10% of The Bahamas territory) 

for lobster catch and export value, visitation and expenditure, protection from storms and erosion, and 

carbon storage for climate mitigation.  Because habitats within MPAs provide additional services (e.g., 

additional fisheries, filtration for freshwater, and cultural value, among others), the values we report 

make up only part of the total economic value of MPAs.  
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Photo by Jaclyn Mandoske.  

Nursery habitats for spiny lobster fishery 

Approach 

The InVEST Fisheries Production model produces estimates of fisheries landings and economic yields 

under different scenarios of habitat quality and harvest regulations (see Sharp et al. 2015, Arkema et al. 

2015). The model takes information on the life history of the species, recruitment, migration, harvest 

mortality, and habitat dependencies and outputs estimates of landings and value at a national scale 

using a Beaverton-Holt spawner-recruitment relationship, parameterized for steepness. These 

parameters are set nationally and therefore assume the uniform life history traits. Carrying capacity is 

set by the availability of nursery habitat, which is represented by spatially explicit mangrove and 

seagrass data. The lobster production model assumes that larvae are mixed during their extended 

pelagic period, and eventually settle in nursery habitat in proportion to its availability across the region 

(i.e. an island with 12% of nursery habitat will get 12% of recruits). The model also outputs estimates of 

the contribution of different nursery areas to total production of the fishery.  

For its application to The Bahamas, the model was fit to national level data and literature values 

estimated in the 2012 stock assessment for Spiny Lobster in The Bahamas (Medley and Gittens 2012; 

note that the 2014 stock assessment is not yet publicly available) (see appendix C for additional details 
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and sources on these parameters). In the lobster production model, age 2 lobster move from nursery to 

adult habitat and are assumed to distribute evenly throughout contiguous shelf areas. Since recent 

survey-based estimates of lobster are not available, we validated the model based on widespread 

sampling from the Little and Great Bahama Banks (Smith and van Nierop 1986).  

We applied this model in The Bahamas in order to quantify the contribution of nursery habitats (e.g., 

mangroves and seagrasses) within the MPA network to lobster recruits and annual harvest and export 

revenues.  Protected areas contributed a significant amount of nursery habitat, which we defined as 

seagrass beds in shallow water within 1 km of shore, and mangrove forest within 250 m of shore. The 

amount of nursery seagrass and mangrove habitat was measured at two scales: (1) The total amount for 

each regionτregions defined by shallow shelf areas divided by deep water and (2) The area of nursery 

habitat within each protected area (Figure 4).  To understand the contribution of habitats within 

protected areas, we computed total harvest by region using the nursery habitat amounts from (1) and 

then we computed the harvest by region after discounting the regional habitat areas by the values from 

(2). The difference in harvest for a region is then attributable to the nursery habitats within the MPAs in 

that region. To estimate the export value of lobster catch, we used the estimated proportion of total 

lobster catch that reaches market (i.e. the tail) and the price per processed pound of lobster, $10.86 

(Department of Marine Resources).  

There are a number of limitations to this approach.  First, we know that Laurencia is an important factor 

for juvenile lobster, yet a lack of data on the spatial distribution of this alga to make it impossible to 

include in the economic valuation.  Further, the early life-stage habitat we did include, mangrove and 

seagrass, are sourced from 2005 Landsat data, the best and most recent available, yet there may be 

gaps and inaccuracies or the data may be outdated.  The model assumes that juvenile lobster respond to 

habitat quantity rather than quality and this is, in part, a function of data availability.  The island-scale 

analyses that include a risk assessment seek to address this by relating risk to habitat functionality.  

Second, while we know coral reefs are valuable for other commercial fisheries (see section 3, Literature 

Review), they are less so for lobster (due to the abundance of casitas) and therefore the model does not 

include corals.  Finally, the model does not account for areas with and without fishing, nor how MPAs 

effect spawning stocks (i.e. thŜ ΨǎǇƛƭƭƻǾŜǊΩ ŜŦŦŜŎǘύΣ ŀƴŘ assumes that harvest selectivity (and catchability) 

is invariant across the country.   Thus we cannot account for the fact that protection from fishing (no-

take or regulated) has costs and benefits tooτa protected area may have both diminished value to 

fishers if that lobster is not available and greater value outside the park to fishers from spill-over.  While 

these issues are drawbacks of the model, they are less problematic for quantifying the economic value 

of the current MPA system as ECLSP is the only no-take area.   

Results 

Results show that nursery habitats within the MPA network are contributing 6.01 million lbs. and $23.53 

million in revenue each year (Figure 5).  In some regionsτAndros, Abaco, Cay Sal, San Salvador, and 

Western Little Bahama Bankτat!ǎ ǇǊƻǘŜŎǘ ŀ ƭŀǊƎŜ ǇǊƻǇƻǊǘƛƻƴ ƻŦ ǘƘŜ ǊŜƎƛƻƴǎΩ ƭƻōǎǘŜǊ ƴǳǊǎŜǊȅ ƘŀōƛǘŀǘΣ 

either because the MPAs themselves are large (e.g. Andros West Side NP, Marls of Abaco NP, and Cay 

Sal MMA), or because the MPAs are strategically located (e.g. Pigeon Creek and Snow Bay NP on San 

Salvador and Northshore/The Gap NP on Western Little Bahama Bank).  In other regionsτAcklins, 

Exuma, Inagua, Northern Bahamas BankτMPAs protect little nursery habitat.  Nursery habitat within 

protected areas also benefits to fisheries elsewhere. This spillover effect is particularly challenging to 

quantify, but is apparent in these results: for example, since there are no MPAs in proximity to Long 
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Island, harvest in the Long Island bank region is attributed, in part, to nursery habitat in protected areas 

on somewhat distant, but contiguous shallow shelves. 

 

 

Figure 4. Contribution of each MPA's mangrove and seagrass to the island-region's total lobster nursery habitat.   For example, 
Marls of Abaco National Park protects 54% and 21% of Abaco's mangrove and seagrass nursery habitats, respectively.  
NP=National Park, MR = Marine Reserve, MMA = Marine Managed Area. 



 

16 
 

 

 

Figure 5. Annual contribution of nursery habitats within MPAs to total lobster harvest and revenue, by island-region.  Regions 
are defined by contiguous shelf divided by areas of deep water.   

Tourism and recreation 

Approach  

To quantify the value of tourism to sites within current marine protected areas, we first estimated 

annual visitation rates to each MPA in the current network. Information on visitation rates to remote, 

unmonitored areas is largely unavailable, so we relied on estimates derived from the density of 

geotagged photographs posted publicly to the website Flickr, which has over 300 million public 

geotagged photos (www.flickr.com) and includes metadata including unique photographer ID, 

latitude/longitude of photo, and date the photo was taken. Counts of geotagged photos have been 

shown to be a useful proxy for visitation rates to natural areas (Wood et al. 2013, Sessions et al. 2016, 

Arkema et al. 2015).   

Since Flickr users are not necessarily representative of the entire visitor population to a place, and since 

not all Flickr users share photos every time they visit a place, it is necessary to evaluate the degree to 

which geotagged photographs correlate with surveyed visitation in The Bahamas or in similar sites in the 

region. We did this by comparing photo-based visitation rates to survey-based rates published by the 

Ministry of Tourism of The Bahamas and by the National Park Service (NPS) of the United States, which 

manages five park units in the Caribbean. The Ministry of Tourism reports total visitor-nights to each 

island, or island group, from the year 2005 to 2015, the latest data available (Ministry of Tourism 2015). 

The NPS reports monthly visitation rates to parks for all years in this same period. We found a significant 

http://www.flickr.com/
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positive correlation between the survey-based and photograph-based measures of visitation (Figure 6). 

Both the island-scale comparison and the park-scale comparison show very similar slopes to their log-

linear relationships. We tested the park units because they are more similar to the MPA scale of interest 

than entire islands. We used the statistical relationship from the islands of The Bahamas to translate 

photo-user-days to real visitor-days.  The photo-user-day metric is the number of occurrences, over a 

period of time and within a geographic boundary, of a unique photographer on a unique day. 

 

Figure 6. Comparisons show good agreement between photo-based estimates of visitation and empirical visitation data.  

To estimate current visitation rates in each marine protected area, we used the InVEST Visitation model 

to count the annual average photo-user-days within each MPA, and then scaled those to real visitor-

days using the relationship described above. To estimate tourist expenditures related to those visits, we 

relied on data describing the average daily expenditure for visitors to each island (Ministry of Tourism 

2008).  These island-wide estimates of daily expenditure may differ from daily expenditure to for MPA 

visitation because MPAs may be harder to reach or involve more expensive activities.  For example, the 

average daily expenditure for Exuma is $285 whereas Hargreaves-Allen (2011) have estimated average 
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daily expenditure for visitors to ECLSP closer to $450.  Average daily expenditures vary by island and also 

by whether a visitor is a stopover or cruise arrival. We determined that only three MPAs can reasonably 

be visited by cruise passengers during a day-trip excursion. Since the photo-based visitation estimates 

include stopover and cruise visitors, we estimate the proportion of visitors that may be cruise 

passengers using the MiniǎǘǊȅ ƻŦ ¢ƻǳǊƛǎƳΩǎ άŀǊǊƛǾŀƭ ƳƻŘŜέ ŘŀǘŀǎŜǘΣ ǿƘƛŎƘ Ŏƻǳƴǘǎ ǘƻǘŀƭ ŀǊǊƛǾŀƭǎ ǘƻ ŜŀŎƘ 

port of entry in the country, and reports the number of cruise arrivals 

(http://www.tourismtoday.com/services/statistics). We associated the three MPAs with their nearest 

port of entry, and applied the cruise proportion for that port to the estimated visitation rate for each 

MPA.  This approach of applying average tourist expenditures to the number of estimated visitors to a 

park captures the estimated total daily expenditure of visitors who visited a MPA; some of this 

expenditure may not be directly attributable to the visit itself.   At the same time, our method also does 

not capture the total willingness to pay for a site-visitτwhich would be expected to be higher than 

actual measured expendituresτor the fact that many marine protected areas are remote and may 

require above-average expenses to visit sites within them.   

Results 

Across the entire MPA network, we estimate an annual average of 383,000 visitor-days, with $67.6 

million in tourist expenditures associated with visits to these areas. SWMMA is the most highly visited 

area in the current MPA network, due to its proximity to Nassau and easy access to its waters. ECLSP, in 

contrast, is the second most-visited area, despite it being much less accessible (Figure 7). Photo-based 

visitation estimates are dependent on the size of the place being measured, which is evident by the 

estimates for large MPAs such as Cay Sal and Southeast Bahamas Marine Managed Area. Scaling 

visitation rates by area reveals which places are most densely populated with visitors (Figure 8).  Since 

average expenditure varies by island and by visitor type (stopover vs. cruise), the relative values among 

MPAs changes when measured by expenditures instead of overall visitor-days (Figure 9).  For example, 

Crab Cays National Park and Greens Bay National Park bring in a large of visitors relative to their size.  

Only seven percent of the total expenditures is attributable to cruise passengers, the vast majority of 

which is spent on diving or snorkeling in SWMMA. 
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Figure 7. Estimated annual visitor-days for each marine protected area.  Visitors are split into two pools, cruise arrivals (in gray) 
and stopover visitors (in white).  
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Figure 8. Density of visitors to each marine protected area.  
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Figure 9. Annual expenditure from recreation and tourism to each marine protected area.  Expenditures are split into two types, 
those from cruise arrivals (in gray) and those from stopover visitors (in white). Average daily expenditures vary by island and by 
visitor type. 
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Coastal protection provided by natural buffers 

Approach 

To assess where habitats in the MPA network, such as coral reefs, mangroves and coppice forest, and 

seagrasses provide the greatest reduction in the risk to coastal communities from erosion and flooding, 

we used an index-based approach, combined with maps of population data and annual income.  The 

index-based approach computes the relative vulnerability of shoreline to coastal hazards based on 

spatially explicit characteristics of the coastline including presence of habitats, elevation and 

bathymetry, wind and wave direction and velocity, shoreline geomorphology, and surge potential (see 

appendix C for additional details about these spatial data sets) (Arkema et al. 2013, Langridge et al. 

2014).  The hazard index is typically coupled with social and economic data on people, property, and 

infrastructure (depending on data availability) to highlight where human settlements and critical 

infrastructure are most vulnerable to storm waves and surge.  

We applied this index-based approach to measure and map the role of habitats, within the current 
marine protected area network, for protecting people from coastal hazards. First, the relative coastal 
exposure was mapped for the entire coastline of The Bahamas, at an interval of every 250 m along the 
coast, based on the geospatial data listed above.  We then identified shoreline areas where coastal 
habitatsτcorals, coastal forests (mangroves, pine, or coppice), and seagrass bedsτwithin MPAs 
reduced exposure along the shoreline, controlling for other geophysical variables in the hazard index.  
For each major island group, we used census data to quantify the number of people and annual income 
within 1.5 km of the shoreline currently protected by habitats within MPA boundaries.  Annual income 
figures collected through the census provide a level of spatial detail in economic risk that was not 
available through the more conventionally reported metric of exposed property value. In the absence of 
adequate data on property value, researchers have used productivity based metrics like income and per 
capita GDP to estimate exposure in monetary units (Dasgupta et al., 2011; Hinkel et al., 2014). There has 
been limited research converting between exposure in terms of income to exposure in terms of durable 
asset value as this will likely vary as a function of many factors; however, Nicholls et al. (2008) 
demonstrate an empirical relationship where asset value in coastal cities is roughly 5 times greater than 
per capita income, indicating our monetary estimates are likely the lower bound. 

Results  

Habitats within the current MPA network serve to protect approximately 39,000 people and $806 

million in annual income of those people living near coastlines in The Bahamas (Table 1). The majority of 

this demand for coastal protection comes from New Providence, the most densely populated island, 

where 9% of the coastal population lives in areas partially protected by corals in the newly designated 

Southwest New Providence Marine Managed Area (SWMMA) or mangroves and coastal forests of 

Bonefish Pond National Park. Other less populated islands also receive important benefits of coastal 

protection, such as San Salvador and the Berry Islands, where fully one-half and one-third of their 

populations, respectively, benefit from the value of healthy, functional, coastal ecosystems within 

protected areas on those islands.             
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Table 1. Economic and social value of habitats within MPAs for providing protection from coastal hazards such as storms and 
sea-level rise.   NP=National Park, MR= Marine Reserve, MMA=Marine Managed Areas

 

Carbon storage  

Approach 

We measured the climate change mitigation value of carbon storage of ecosystems within MPAs using 

the InVEST Blue Carbon model (Sharp et al 2017). This model measures the total carbon stock of an area 

given the presence of carbon-storing plants (mangrove and seagrass in the case of The Bahamas) and 

the amount of carbon stored in aboveground, belowground (i.e. soils), and litter pools, for each habitat-

type. Carbon pool values were collected by reviewing studies of empirical sampling and by applying a 

predictive model that estimates mangrove biomass variation using spatially explicit bioclimatic variables 

(Hutchinson et al. 2013).   

Based on these carbon pool parameters, and geospatial data representing seagrass and mangrove 

distributions in The Bahamas, we quantified the total carbon stored in each of the current marine 

protected areas.  We estimated aboveground mangrove biomass based on the global predictive model 

proposed by Hutchison et al. (2013), which accounts for quarterly extremes in temperatures, 

precipitation, and seasonality.  Belowground mangrove biomass was estimated using the allometric 

relationship between aboveground and belowground biomass (Hutchison et al. 2013).  National 

variation in climatic variations meant that estimated biomass varied from 167 - 200.9 tons per hectare 

(Mandoske 2017).  These estimates are on the higher range of mean total carbon found by Baretto et al. 

(2015) across four sites on Eleuthera.  In lieu of local data seagrass values were informed by the 

literature and were specific to the western tropical pacific (Fourqurean et al. 2012): aboveground 
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biomass was 0.84 t C per hectare and belowground biomass was 150 t per hectare; litter values were 

not available (Mandoske 2017).  Additional local studies, such as Baretto et al. (2015), will help to refine 

mangrove and seagrass carbon values for The Bahamas.          

We estimated the economic value of these protected habitats by applying a price of $12.58/metric ton 

ƻŦ ŎŀǊōƻƴΣ ōŀǎŜŘ ƻƴ ǘƘŜ LƴǘŜǊŀƎŜƴŎȅ ²ƻǊƪƛƴƎ DǊƻǳǇΩǎ 2015 social cost of greenhouse gases (IWG 2016).  

We use the social cost of carbon because market-based prices are set by supply and demand and 

carbon-markets are generally more relevant when considering return-on-investment.  In addition, there 

are no carbon-markets within The Bahamas, making a market price for the country difficult to select.  

Further, public officials are tasked with considering social welfare and the carbon market often reflects 

prices lower than the social damage.  Despite the choice to use the social cost of carbon, it has its own 

limitations, primarily that the social cost is considered too low and there is continual debate in the 

scientific and economic communities about factors that should be considered within the social cost of 

carbon.   

Results 

Across the entire MPA network, over 400 million metric tons of carbon are stored, at a value of over $5 

billion in avoided damages from emissions globally (Figure 10, Figure 11, Figure 12). Andros West Side 

National Park, which covers most of the western half of Andros island, and is rich in mangrove forests, 

stores the vast majority of the carbon in the entire protected area network at the greatest social value 

(Figure 10, Figure 12). Because the total carbon storage is highly dependent on size of the MPA, we also 

scaled carbon storage by area. This revealed the per unit area value of relatively small protected areas, if 

they have dense mangrove and seagrass resources, such as Tilloo Cay Reserve, a very small protected 

area off the eastern coast of Abaco (Figure 11).    
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Figure 10. Total avoided carbon emissions for each marine protected area.  
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Figure 11. Carbon stock density (i.e. scaled by area) for each marine protected area.  
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Figure 12. Avoided damages of carbon storage for climate mitigation for each marine protected area.  

5. Island-scale valuation of ecosystem services to inform future 

management  
The MPAs in the current network differ in economic value of ecosystem services and management 
status.  Some MPAs have finalized management plans and others have plans in the development stage.  
Some islands are scoping the potential of MPAs to manage coastal and marine activities in the future.  
We explored the influence of current and future management of nearshore activities on economic 
values of ecosystem services for five different islands representing different stages of management. 
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Exuma  

 

Aerial view of Exuma Cays Land and Sea Park (photo from ExumaPark.org) and coral within the park (photo from The Nature 
Conservancy) 

Introduction and overview of past work 

Exuma Cays Land and Sea Park (ECLSP), established in 1958, is the oldest existing National Park in The 

Bahamas and the oldest no-take fishing area in the Caribbean region.  It covers 450 km2 at the north end 

of the Exuma Cays (Figure 13).  The parkΩǎ unique habitats and species (including the endangered 

Bahamian iguana), protected status, and mooring system draw visitors from around the world who 

come to enjoy the natural beauty, snorkel, dive, and otherwise explore this special area.  Because of the 

ŀǊŜŀΩǎ ƘƛǎǘƻǊȅ ŀƴŘ ŀǘǘǊƛōǳǘŜǎΣ ƛǘ Ƙŀǎ ōŜŜƴ ǘƘŜ ǎǳōƧŜŎǘ ƻŦ ŀ ƴǳƳōŜǊ ƻŦ ŜŎƻƭƻƎƛŎŀƭΣ ǎƻŎƛŀƭΣ ŀƴŘ Ǿŀƭǳŀǘƛƻƴ 

studies.  We briefly describe some of this past work before exploring the spatial variation in ecosystem 

services within the park.     

 

Figure 13. Exuma Cays Land and Sea Park.  

Past studies demonstrate the ecological benefits of ECLSP for natural habitats and fisheries.  Within 

ECLSP, corals recover from disturbance faster and conch, grouper, and lobster biomass and productivity 
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are greater.  Reduced fishing has promoted faster coral recovery following disturbance by enabling 

herbivorous fish (e.g. parrotfish) to naturally reduce macroalgal cover (Mumby and Harborne 2010).  

Adult queen conch biomass has been found to be as much as 15 times greater inside ECLSP than 

surrounding areas and this resulted in larval densities an order of magnitude greater within the park 

than outside it (Stoner and Ray 1996).  Further, conch within the park require lower adult densities for 

mating than those outside the park, the result of phenotypic variation caused by fishing pressure (Stoner 

et al. 2012).  Similarly, Nassau grouper biomass and size, as well as reproductive capacity, are greater 

within the park than outside it and this effect extends upwards of five kilometers beyond the park 

boundary (Sluka et al. 1997), highlighting an important spill-over effect in which the no-take MPA is 

benefiting fishing in surrounding areas.  Though harder to document across fisheries, the success of 

ECLSP at increasing biomass and reproduction of key species may mean the area helps to support these 

populations outside the park.  Finally, lobster biomass has also been shown to be higher within the park 

(Lipcuis et al. 1997).  For a comprehensive review of the ecological benefits of the park, please refer to 

Sobel and Dahlgren 2004. 

aŀƴŀƎŜƳŜƴǘ ǊŜƳŀƛƴǎ ƻƴŜ ƻŦ ǘƘŜ ƪŜȅ ǎƻŎƛŀƭ ƛǎǎǳŜǎ ŀǊƻǳƴŘ ǘƘŜ ǇŀǊƪΦ 9ǊǾƛƴΩǎ нллф ǎǘǳŘȅ ƻŦ ŀƭƭ ǇŀǊƪǎ ƛƴ ¢ƘŜ 

Bahamas identified ECLSP as one of the most vulnerable due to limited enforcement paired with threats 

from climate change and tourism (Hargreaves-Allen and Pendleton 2010).  For a full discussion of these 

management challenges, including costs and benefits associated with alternative strategies, please see 

Hargreaves-Allen (2012).   

Previous work has also documented the extensive economic value of ECLSP for fisheries, second home 

owner development, and tourism, among others (Hargreaves-Allen and Pendleton 2010).  It is estimated 

ǘƘŀǘ 9/[{t άƎŜƴŜǊŀǘŜŘ Ϸф Ƴƛƭƭƛƻƴ ƛƴ ŘƛǊŜŎǘ ŀƴŘ ƳŜŀǎǳrable economic impacǘ ƛƴ нллфέ ŀǎ ǿŜƭƭ ŀǎ 

supporting 110 jobs (Hargreaves-Allen and Pendleton 2010).  Spillover from the park of conch and 

grouper contribute to subsistence and commercial fisheries outside the park.  Second home owners 

within the park pay an estimated $14 million in property tax.  For tourism, there have been roughly 

40,000 stop-over visitors to Exuma annually between 2005 and 2007.  Visitors to Exuma include boaters, 

day-trippers, divers staying locally, and live-aboard divers and these tourists spent nearly $2,500 per trip 

to Exuma in 2010 (Hargreaves-Allen and Pendleton 2010).  In-depth studies specific to Exuma have 

explored avenues to promote and maintain sustainable tourism (Total Tourism Solutions 2014).  For a 

full discussion of the economic benefits of ECLSP, please see Hargreaves-Allen and Pendleton (2010).   

Spatial variation of ecosystem services within ECLSP 

Spatially explicit valuation of tourism, lobster, coastal protection, and climate mitigation further 

strengthen the ǳƴŘŜǊǎǘŀƴŘƛƴƎ ƻŦ 9/[{tΩǎ ƛƳǇƻǊǘŀƴŎŜΦ  ECLSP receives an estimated 23,000 stop-over 

visitor-days, with an estimated expenditure of $6.6 million annually.  This is within the range estimated 

by Hargreaves-Allen and Pendleton (2010) who conservatively estimated that 18,346 tourists visit the 

park annually: 9,986 day-trip visitors from hotels (out of 15,914 nearby overnight stays), 2,360 diver 

days, and 6,000 boaters annually.  Visitation across the island chain is concentrated in and around the 

park and at the southern extent, demonstrating the dual forcesτnatural resources and infrastructureτ

that draw in tourists (Figure 14).   

With 1.4 km2 of mangrove and 38.6 km2 of seagrass in shallow, nearshore areas suitable for juvenile 

lobster (Figure 13), 240,341 lbs. of lobster annually, worth just under $1 million in export value, are 

attributable to nursery habitat within the park.  This nursery habitat area supports adult lobster beyond 
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the no-take area of ECLSP, for example, on the Exuma Bank, as well as fisheries on adjacent banks 

connected by shallow shelves.  Furthermore, the lobsters not caught within the reserve may also 

support future catches outside the reserve by contributing their spawn; however, to our knowledge the 

ecological, economic, and social data required for estimating spill-over of spiny lobster in economic 

terms for ECLSP does not currently exist.  

While coral, seagrass, and mangrove protect much of the Exuma Cays coastline, the limited population 
and undisclosed property values means that we cannot effectively place a monetary value on this 
protective service (though the overall high value of property within the park suggests the protective role 
of habitats would be especially valuable there).  However, these same ecosystems provide essential 
protection to people along the southern extent of the Cays (Figure 14).  Finally, extensive seagrass and 
mangrove habitats throughout the park (Figure 13) store over 10.7 million tons of carbon, 
representative of avoided damages from emissions of over $134.18 million globally (Figure 14).  While 
mangrove store more carbon per unit area than seagrass, the abundance of seagrass within the park 
makes it a particularly important resource.    
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Figure 14.  Ecosystem services around Exuma Cays Land and Sea Park: visitor density, carbon stored by coastal habitats, and the 
role of habitat in protecting shorelines.   



 

32 
 

Exploring alternative development strategies for Andros and their influence on the 

ƛǎƭŀƴŘΩǎ at!ǎ 

 

Beach and small boat on Andros (photo by Katherine Wyatt).  

Introduction  

The Island of Andros lies 65 km to the west of Nassau, the capitol of The Bahamas. Encompassing a land 

area of 6,000 km2, an area greater than all other 700 Bahamian islands combined, Andros is largely 

undeveloped. Vast mangrove and coppice forests, the third largest coral reef in the world, seagrass 

ōŜŘǎΣ ǎŀƴŘ ŦƭŀǘǎΣ ŀƴŘ ŀ ŎƻƴŎŜƴǘǊŀǘŜŘ ǎȅǎǘŜƳ ƻŦ ōƭǳŜ ƘƻƭŜǎ ǎǳǇǇƻǊǘ ǘƘŜ ŎƻǳƴǘǊȅΩǎ ŎƻƳƳŜǊŎƛŀƭ ŀƴŘ ǎǇƻǊǘ-

fishing industries, nature-based tourism activities, agriculture, and freshwater resources. While valuing 

this wealth of natural resources, Androsians also seek investments in infrastructure, training, and 

educational opportunities to support themselves and ensure the wellbeing of generations to come.  As 

part of the larger National Development Planning process, Vision 2040, Androsians outlined alternative 

Ǿƛǎƛƻƴǎ ŦƻǊ ǘƘŜ ŦǳǘǳǊŜΣ άǎŎŜƴŀǊƛƻǎέΣ ǿƛǘƘƛƴ ǿƘƛŎƘ ŘƛŦŦŜǊŜƴǘ ƳŀƴŀƎŜƳŜƴǘ ǎǘǊŀǘŜƎƛŜǎ ŀǊŜ ŘŜŦƛƴŜŘ ŦƻǊ ƳŀǊƛƴŜ 

protected areas and national parks.  Andros has four designated protected areas (i.e. Andros West Side 

National Park, Joulter Cays National Park, North Marine Park, South Marine Park) and one possible area 

benefiting from future protection (i.e. the barrier reef along the east coast of the island; Figure 15).  
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Figure 15.  Existing protected areas around Andros.   We also explored services within the area around the Andros barrier reef 
(outlines here). 

The following are alternative Future Development Scenarios for Andros from the Andros Master 

Planning Process.  Here we highlight components relevant to the Andros MPAs. 

¶ Business as Usual: represents a future similar to the current situation with little investment in 

new infrastructure, educational opportunities, or development.  Joulter Cays National Park is 

not fully adopted, no new marine protected area policies or management plans are 

implemented, and enforcement of existing policies remains limited.  

¶ Conservation: gives priority to ecosystem health and protection of habitats and species rather 

than economic development. Coastal development is limited to the existing footprint.  Joulter 

Cays and the Barrier Reef are adopted as National Parks.  Policies limit detrimental activities 

within protected areas and resources are devoted to enforcement.  North and South Marine 

Parks, Joulter Cays, and the original boundaries of Andros West Side National Park are enforced 

no-take areas.    
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¶ Sustainable Prosperity: blends human development and conservation goals by investing in 

critical infrastructure and education to achieve a nature-based economy that can be sustained 

over time. Examples of activities include daily ferries from Nassau, small and mid-sized 

Bahamian owned businesses (e.g., hotels, processing factories for local goods), community 

agriculture, and mangrove restoration (as both a natural means of shoreline protection from 

storms and as habitat for lobster).  Joulter Cays and the Barrier Reef are fully adopted as 

national parks and managed to limit heavily detrimental activities like mining, dredging, and 

shipping.  Fishing regulations including seasonal closures and size limits are enforced effectively. 

¶ Intensive Development: gives priority to major economic development rather than ecosystem 

health and protection of habitats and species. Example activities include construction of a cruise 

ship port in North Andros, large, energy intensive resorts and luxury housing developments, 

expanded mining activities, and seawalls along the entire east coast of the island.  No new parks 

are adopted and management remains limited, increasing destructive fishing practices.   

¶ Restoration: mirrors the current scenario and additionally restores full coral biomass and 

functionality within the North and South Marine Parks.  This scenario was not part of the original 

Andros project and was added during Bahamas Protected project.    

Working with these stakeholder-designed scenarios, NatCap assessed how these actions and 

management strategies would affect the natural resources and ecosystem services people care about: 

habitat quality, spiny lobster catch, nature-based tourism, protection from storms and erosion, and 

climate mitigation through carbon storage.  To understand spatial variation and future change in the 

distribution of benefits from ecosystems, we used a suite of models in the InVEST software package 

(Sharp et al. 2017).  As described above (Section 3, page 12) the models produce biophysical, economic 

and social values for several services provided by coastal and marine ecosystems (Nelson et al. 2009, 

Goldstein et al. 2012, Guerry et al. 2012).  InVEST also contains a risk assessment framework for 

identifying where human activities are most likely to pose a risk of habitat degradation under the 

current and several future scenarios, which we describe below. 

Approach 

For each scenario envisioned during the Vision 2040 National Development Planning process, we 

assessed the cumulative risk from ten categories of human activities to six habitats (after Arkema et al. 

2014).  Human activities were included based on stakeholder input, literature review of important 

stressors, and which activities are likely to change under alternative future development scenarios 

(Table 2, Figure 15).  These categories were development and infrastructure, dredging and mining, 

nature-based tourism, transportation of goods and people by water, fishing, forestry, agriculture, 

protected areas, invasive species, and sea-level rise.  The spatial extent of each activity was mapped for 

each future scenario (Figure 15).  Further, the characteristics (e.g. intensity, temporal duration, 

management effectiveness) of each activity were also defined for each scenario. We selected habitats 

based on those most important to stakeholders and those which underpin valued ecosystem services.  

For example, seagrass and mangrove were included, in part, because they provide nursery habitat for 

lobster and their abundance affect harvestable adult lobster. We also assessed cumulative risk to 

beaches and coral reefs, in part, because of their importance for tourism and coastal protection.    

We assessed where habitats are at the greatest risk of degradation from the cumulative effects of 

human activities.  Risk is a function of the exposure of each habitat to each activity and the habitat-

specific consequences of that exposure (Halpern et al. 2008, Teck et al. 2010, Patrick et al. 2010, Hobday 
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et al. 2011, Samhouri and Levin 2012, Arkema et al. 2014).  Exposure depends on the extent of 

geographic overlap between habitats and human activities, the duration of time that the activity and 

habitat overlap, the intensity of the stressor, and the degree to which management strategies mitigate 

impact.  Consequence is a function of the habitat-specific sensitivity of ecosystems to stressors 

associated with human activities (reflected in terms of potential changes in area and structure as a 

result of exposure to stressors) and resilience of habitats based on ecological life history characteristics 

(e.g., mortality, recruitment, connectivity).  For each stressor-habitat combination, we used criteria 

scores for exposure and consequence that were informed by primary literature and vetted by local 

experts during the Sustainable Development Plan for Andros process.  Cumulative risk is the spatially 

explicit sum of individual risk scores.  We used maps of high, medium, and low risk to estimate the area 

of functional habitat capable of providing ecosystem services. In high and medium areas, we assumed 

that 0% and 50%, respectively, of the existing habitat was capable of providing services; in low-risk 

areas, we considered all habitat to be functional (following Arkema et al. 2015).   

We used results of the cumulative risk assessment to model changes in ecosystem services in order to 

understand how alternative development scenarios and their implications for MPA management would 

influence nursery habitat for lobster and carbon storage and sequestration provided by seagrass and 

mangroves within the MPAs.  We also quantified potential changes in tourism and coastal protection 

values to the subregions of Andros.   

Table 2: Human activities and drivers of change. Aerial imagery is from 2015, Andros Island Conservation Assessment was done 
in 2005, AIS data is from 2014. 

Human Use Source  Description 

Development 
Digitized aerial imagery 

(TNC), stakeholders 
 Private, residential, and commercial development including 

roads, lodges, airports, factories, airports and more 

Dredging and 
mining 

Digitized aerial imagery, 
stakeholders 

 On land and in the ocean for quarry, sand, aragonite and other 
minerals; in the ocean to maintain transportation pathways 

Nature-based 
tourism 

TNC, Andros Island 
Conservation 

Assessment, BNT 

 
Areas identified during the stakeholder engagements, including 

areas for dive, bonefishing, bird watching, kayaking etc. 

Transportation 
of goods and 
people by 
water 

Marine Automatic 
Identification System 
(AIS), Stakeholders 

 
Ferries, mail boats, and cargo ships.  Personal transportation and 

fishing vessels are not included.  

Fishing Area of Interest  Fishing for lobster, conch, scalefish, and sponge. 

Forestry Department of Forestry 
 Includes conservation forests, forest reserves (for timber use), 

and protected forest (that can be converted for development).  

Agriculture 
Digitized Aerial Imagery 
(TNC), Department of 

Forestry 

 
Large-scale (e.g. for BAMSI and otherwise zoned) and small-

scale.  

Invasive 
Species 

Andros Island 
Conservation 
Assessment 

 Invasive species locations for melaleuca, leucaena, and 
casuarina buffered by 750m where density was reported as 

sparse or dense. Lionfish are represented across the coral reef.. 

Sea-level rise  Allen and Holding 2015 
 Not included in the current scenario. Represents 2m of sea-level 

rise. Digitized from Allen and Holding 2015.  

Protected 
Areas 

TNC, BNT  
 Protected areas as defined by The Bahamas National Trust 

(BNT). on land and in the ocean 
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Figure 16. Human activities on and around Andros, now and under three future scenarios.   The restoration and business as 
usual scenarios are not shown; they assume current activities endure, but under the restoration scenario, coral within Andros 
North and South Marine Park are fully restored. Risk to habitats within protected areas 

Within protected areas, relatively small areas of mangrove, beach, seagrass, and coral are presently at 

high risk of degradation.  Within Andros West Side National Park and Joulter Cays National Park, less 

than 5% of seagrass and mangrove are at high risk.  In North and South Marine Park, less than 1% of 

mangrove and seagrass are at high risk.  In the South Marine Park nearly 8% of coral are at high risk.  

Around the barrier reef, 45% of mangroves, 5% of beaches, and 2.5% of coral is at high risk; over 98% of 

seagrass is at moderate risk (45% of mangroves and 95% of beaches are at moderate risk).  Areas of 

higher risk to mangrove, beaches, seagrass, and coral are primarily driven by the overlap of 

development (including roads), invasive species, and dredging.  Currently, unregulated, fishing practices 

result in the moderate risk evident across much of the seagrass area (Figure 17).  

 

Figure 17.  Cumulative habitat risk to mangrove, beaches, seagrass, and coral on and around Andros.  
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Risk to habitats differs between alternative management scenarios.  Risk to mangroves in all protected 

areas remains comparable between scenarios except in the Intensive Development scenario, where an 

additional 185 km2, 30 km2 are at high risk in Andros West Side National Park and Joulter Cays National 

Park, respectively.  No additional mangrove is at high risk in Andros North and South Marine Park, 

respectively (relative to Business as Usual), because there is little mangrove within these parks and it is 

at high risk under business as usual and at moderate risk in other scenarios.  Risk to nearly all seagrass 

within the protected areas is reduced to low risk under Conservation and Sustainable Prosperity 

scenarios and increased to high risk under the Intensive Development scenario.  For beaches, risk is 

comparable between scenarios, except in the Intensive Development scenario where all beaches are at 

high risk.  Corals experience similar risk under Conservation and Sustainable Prosperity scenarios and a 

drastic increase (to nearly 100% high risk) in risk under the Intensive Development scenario.  Conversely, 

corals in North and South Marine Park are at low risk in the Restoration scenario.  In the Barrier Reef 

region, across most scenarios less than 5% of corals are at high risk in all scenarios except the Intensive 

Development Scenario in which the entire coral reef is at high risk. Across habitats, risk is consistently 

highest in the Intensive Development scenario and these impacts are especially pronounced in the 

North and South Marine Park, which border the developed coast (Figure 18, Figure 19).  

These variations in risk across protected areas and between scenarios illustrate the effect of changes in 

the extent and management of human activities on habitats in MPAs. Increased risk to mangroves and 

beaches is almost entirely driven by the increased footprint of infrastructure and roads, which are 

intensive activities with large impacts on habitats.  While small areas of seagrass along the eastern coast 

are similarly affected by development (and dredging), reductions in risk to seagrass in the Conservation 

and Sustainable Prosperity scenario reflect improved management of recreational and commercial 

fishing.  Not surprisingly, areas of coral restoration result in the lowest risk to corals, though this 

scenario assumes that coral restoration is fully successful in restoring coral functionally (e.g. biomass, 

structure, diversity) and reducing the stress of human activities.  Interestingly, the removal of fishing 

pressure to !ƴŘǊƻǎΩ North and South Marine Park and West Side National Park in the Conservation 

Scenario does not markedly reduce risk to coral, seagrass, or mangrove (i.e. the majority of coral is at 

moderate risk in each of these scenarios).  This is likely because other human activities and stressorsτ

e.g. invasive species, tourism, and marine transportationτcontinue to adversely affect these habitats.  

In effect, ensuring low risk to these habitats requires integrated management across sectors.   
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Figure 18.  Risk to mangrove, beaches, seagrass, and coral on Andros under Conservation, Restoration, Sustainable 
Development, and Intensive Development scenarios.  
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Figure 19. Density of functional habitat within each MPA across multiple scenarios.  

Change in services 

These future scenarios include a wide variation in habitat quality and function, which means the services 

flowing to people from these ecosystems is likely to vary across these scenarios as well. 

Nursery habitats for spiny lobster fishery 

Andros nursery habitat contributes 3.5 million lbs. to national lobster catch, amounting to nearly $14.5 

million in export value.  Currently, nursery habitat in Andros West Side National Park provides the 

greatest contribution to catch (3.7 million lbs.) and export value, $13.3 million annually, compared to 

other protected areas, largely due to its size and extensive mangrove and seagrass habitat.  The Barrier 

Reef area has nursery habitat contributing $1.6 million towards export value annually.  Joulter National 

Park and Andros North and South Marine Parks contribute smaller amounts to lobster catch (less than 

$200k for Joulter and less than $35k for North and South Marine Parks).  Under the Conservation and 

Sustainable Prosperity management scenarios, lobster catch attributable to West Side National Park 

would increase to $21 million annually, the result of improved management of nursery habitat, 
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especially improved fishing practices.  Without resources and management, the unregulated coastal 

development and destructive fishing practices modeled in the Intensive Development scenario would 

plummet lobster catch to less than half of the value expected under other management scenarios, 

demonstrating the potential negative consequences of unchecked use annually and over the long-term.  

 

Figure 20.  Lobster catch and export value attributable to nursery habitat under alternative management strategies on Andros: 
current, conservation, sustainable prosperity, and intensive development.  

Tourism and recreation 

Variation in predicted rates of visitation and expenditures from tourism reflects the influence of habitat 

qualityτincluding within the protected areas, accessibility, and infrastructure across the island, and how 

these factors change across scenarios. Relative to Business as Usual, the Sustainable Prosperity scenario 

offers an opportunity to enhance tourism throughout the island, but the differences vary considerably 

between districts.  North Andros and Mangrove Cay would benefit the most, with an increase in 

visitation, expenditure, and jobs of 37%.  In North Andros, this amounts to additional 44,740 visitor-

nights, US$16.3 million, and 56 jobs relative to business as usual.  In Mangrove Cay, increased tourism 
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would mean an additional 7,400 visitor-nights, US$2.5 million, and 35 jobs.  Visitation to Central and 

South Andros would also increase by 19 and 9%, respectively, bringing additional gains in expenditure 

and jobs to both districts.  

This Sustainable Prosperity scenario represents a strategic decision to develop transportation, 

infrastructure, and amenities that locals and tourists can use, while taking care to not deplete the 

natural resources that are the primary draw for tourists. Our habitat risk analyses showed that 

designation and regulation of marine protected areas was key to preserving habitat quality, and our 

tourism projections show how that can translate into sustained benefits from ecotourism. For example, 

while the Conservation scenario prioritizes preservation of ecosystems within MPAs, it lacks targeted 

investment in infrastructure that tourists require. On the other hand, the Intensive Development 

scenario seeks to attract large numbers of tourists, for example with coastal development and a cruise 

port in North Andros, but does so at the expense of habitats within protected areas, for example with 

sand mining in the Joulter Cays. Our analysis shows that this development undermines tourism benefits 

because it degrades the natural resources that were the primary attractors of tourists in the first place. 

 

Figure 21. Visitor nights and expenditure under alternative management strategies for Andros.  
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Coastal protection provided by natural buffers 

Our analysis for Andros revealed that nearly 70 km of the populated east coast of Andros is highly 

vulnerable to storms and sea-level rise, with coastal habitats such as mangrove and coppice forests, 

coral reefs and seagrass reducing the risk of almost 71% of the coastline, protecting roughly 50% of the 

ƛǎƭŀƴŘǎΩ ǇƻǇǳƭŀǘƛƻƴ ŀƴŘ ƛƴŎƻƳŜΦ  The location of nearly all Andros hotels along the coast suggest they 

also benefit from this protective service.  The existing protected areas on Andros are not currently 

located to effectively protect coastal communities from storms, but this could change if the Barrier Reef 

region became a National Park, as habitats within it reduce the impact of coastal hazards along the east 

coast, where people live. The future scenarios show how variation in the quality of these habitats as a 

result of management practices translate into variation in length of shoreline, people, and income 

protected.  While we were not able explicitly incorporate the effects of storms on sea-level rise on the 

freshwater lens on Andros, losses in functional habitat modeled under future scenarios may also 

adversely affect the freshwater lens.  In the future, results from our models suggest that changes in the 

extent of functional habitat within marine protected areas under the Conservation and Sustainable 

Prosperity scenarios would result in the shortest length of shoreline at high risk to coastal hazards, due 

to the buffering capacity of intact habitats.  Under these scenarios, the amount of coastline most 

vulnerable to coastal hazards would be reduced by roughly 6% compared to Business as Usual and 

would similarly protect roughly half the population and income.  Because the coastal population is 

expected to increase more under the Sustainable Prosperity scenario than the Conservation scenario, 

coastal habitats protect 8% more people and $250,000 more in income under the Sustainable Prosperity 

scenario than the Conservation scenario.  

 

Figure 22. Shoreline, people, and income protected under alternative management scenarios on Andros.  
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Carbon storage  

Andros West Side National Park contributes the greatest amount of carbon storage, now and under all 

future management scenarios.  Avoided damages attributable to West Side National Park amount to 

approximately $6 billion globally.  The density of carbon storage is also the greatest within West Side, 

92,486 tons per km2, reflecting the abundance of seagrass and mangrove throughout much of the park.  

The Barrier Reef area stores 19.12 million metric tons of carbon, worth $240.5 million in avoided 

damages globally, and has substantially lower stock density (8,875 metric tons per km2) than West Side.  

Joulter Cays National Park, Marine Park North, and Marine Park South are similarly dense in their carbon 

storage, each storing 22-30 metric tons per km2.  Across the 25-year horizon presented in the 

management scenarios, the Conservation and Sustainable Prosperity scenarios perform similarly, 

increasing carbon storage by 3% in Andros West Side National Park and 9-11% in Barrier Reef area.  The 

loss of habitat under the Intensive Development scenario also means a loss of carbon storage, 

amounting to $550 million in damages from the West Side National Park alone.  While the consequences 

of carbon emissions are felt globally, the intensity of development and poor management in the 

Intensive Development scenario would not reflect the global leadership towards climate mitigation that 

The Bahamas and in the Caribbean countries have taken (Figure 23). 

  

Figure 23. Change in avoided emissions and damages across alternative management strategies for Andros. 
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Opportunities for improved management around New Providence  

 

Cable Beach on New Providence (photo from Caribya) 

Introduction  

New Providence is the most populated and developed island in The Bahamas, including over 70% of the 

Bahamian population, the capitol, Nassau, and much of critical governmental and commercial 

infrastructure and activities of the country.  In addition, its beaches and accessibility by cruise ship and 

airplane, draw well over 2.5 million tourists annually from around the world.  The islandΩǎ Ŏƻŀǎǘŀƭ ŀǊŜŀ is 

also home to the newly established Southwest New Providence Marine Managed Area (SWMMA) as 

well as older Bonefish Pond National Park (est. 2002) (Figure 24).  SWMMA is the among the newest of 

Bahamas protected areas and, nestled along the north, west, and south coasts of New Providence, is 

also one of the most urban.  The area where the marine managed area is sited currently hosts a 

multitude of uses: shipping and cruise visitors, tourists, coastal development, and local commercial and 

subsistence fishing, among othersΦ  Lƴ ǇƭŀŎŜǎ ǿƘŜǊŜ ŘƛǾŜǊǎŜ ŀŎǘƛǾƛǘƛŜǎ ƻǾŜǊƭŀǇΣ ƛǘΩǎ ƛƳǇƻǊǘŀƴǘ ǘƻ 

ǳƴŘŜǊǎǘŀƴŘ ǿƘŀǘΩǎ ƻŎŎǳǊǊƛƴƎ ŀƴŘ ǿƘŜǊŜ ƛƴ ƻǊŘŜǊ ǘƻ ǊŜŘǳŎŜ ŎƻƴŦƭƛŎǘǎ ōŜǘǿŜŜƴ ǳǎŜǊǎΣ ǊŜŘǳŎŜ ŀƴŘ ƳŀƴŀƎŜ 

impacts to natural systems, and ensure that the benefits the area has historically provided (e.g. clean, 

intact beaches and coral for recreation, and abundant fish stock for fisherman), continue into the future.  
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Figure 24. Southwest New Providence Managed Area (SWMMA) and Bonefish Pond. 

To evaluate the overlap and effect of these human activities on protected areas in and around New 

Providenceτand to illuminate trade-offs and potential management opportunitiesτwe mapped and 

modeled the cumulative risk of human activities on habitats and the effect on tourism, nursery habitat 

for lobster, coastal protection, and climate mitigation.  To quantify risk to habitats and the change in 

ecosystem services we used the suite of InVEST models as described in the previous section (Section 3, 

page 12) and below.  Briefly, we use the Habitat Risk Assessment model to assess the cumulative risk to 

habitats from a suite of human activities currently occurring within SWMMA.  We compare this current-

risk scenario to a scenario ǿƛǘƘƻǳǘ ǊƛǎƪΣ άŎǳǊǊŜƴǘ-no-ǊƛǎƪέΦ  In addition, we model a restoration scenario 

where, across roughly 10 km2 identified by local expert Craig Dahlgren, coral reefs (60% of which are in 

SWMMA) are restored to fully intact and functional habitats (i.e. ideal levels of biodiversity, density, 

structure, area, etc.; Figure 27).  Though this would be challenging to accomplish, we use this scenario to 

demonstrate the potential gains from restoration.  Risks to habitats in each scenarioτcurrent-risk and 

restorationτare then used to model how changes in functional ability affect visitors, the lobster fishery, 

protection from storms and erosion, and carbon storage for climate mitigation.      
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Risk assessment 

We assessed the cumulative risk to habitats from seven human activities co-occurring within SWMMA 

using a risk assessment approach (Arkema et al. 2014).  We assessed where habitats are at the greatest 

risk of degradation from the cumulative effects of human activities.   

Risk is a function of the exposure of each habitat to each activity and the habitat-specific consequences 

of that exposure (Halpern et al. 2008, Teck et al. 2010, Patrick et al. 2010, Hobday et al. 2011, Samhouri 

and Levin 2012, Arkema et al. 2014).  Exposure depends on the extent of geographic overlap between 

habitats and human activities, the duration of time that the activity and habitat overlap, the intensity of 

the stressor, and the degree to which management strategies mitigate impact.  Consequence is a 

function of the habitat-specific sensitivity of ecosystems to stressors associated with human activities 

(reflected in terms of potential changes in area and structure as a result of exposure to stressors) and 

resilience of habitats based on ecological life history characteristics (e.g., mortality, recruitment, 

connectivity).  For each stressor-habitat combination, we used criteria scores for exposure and 

consequence that were informed by primary literature and vetted by local experts during the 

Sustainable Development Plan for Andros process.  Cumulative risk is the spatially explicit sum of 

individual risk scores.   

Human activities  

To understand the extent and effect of human activities on New Providence protected areas, we 

focused on seven categories of ongoing human activities: development, dredging, fishing, invasive 

species (i.e. lionfish and Casuarina), marine transportation, oil leakage around Clifton Pier, and tourism.  

We selected these categories of human activities based on data available and conversations with 

stakeholders and core partners.  We attempted to capture those activities most important to Bahamians 

as well as those activities which may adversely affect the areas and habitats people care about.   

Human activities originating on land included development, dredging, and the oil leakage around Clifton 

Pier.  The spatial extent of development was digitized from aerial imagery and included roads, buildings, 

hardscaping, docks, and jetties (Figure 25a).  We assumed that the impact of development (e.g. through 

sediment, pollution, laƴŘ ǳǎŜ ŎƘŀƴƎŜύΣ ƻǊ ǘƘŜ ΨȊƻƴŜ ƻŦ ƛƴŦƭǳŜƴŎŜΩΣ ŜȄǘŜƴŘǎ ŀƴ ŀŘŘƛǘƛƻƴŀƭ мΦр km and that 

these impacts linearly decay within the zone of influence (Arkema et al. 2014).  Dredging was also 

digitized from aerial imagery (Figure 25a); we assumed a 1 km zone of influence for dredging.  Because it 

was important to represent the area impacted by leaking oil around Clifton Pier, yet no maps currently 

exist, we approximated the extent.  We identified the area immediately around the oil transfer dock as 

having relatively high concentrations of oil consistent through time; this aligned with the location of oil 

containment booms, publically available photos, and the area visibly darker on google imagery.  Oil has 

also been regularly reported and documented at least as far away as the west point of Clifton Heritage 

Park so we applied a zone of influence of 1.5 km to capture this area.  This linearly decaying zone of 

influence aligns with reports from BREEF documenting the presence of oil at the Coral Reef Sculpture 

Garden at 85% of sampled days5.  There have also been reports of occasional oil on further west than 

Clifton Heritage Park and to the east on Goulding Cay, Albany Marina, Adelaide, and South Beach 

indicating our approximation is likely an underestimate (Figure 25b).   

                                                           
5 Based on the linearly decaying zone of influence, the Coral Reef Sculpture Garden is assumed to be exposed to 
60-80% of the impacts of the oil.  
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Tourism and invasive species occur in terrestrial and marine environment around the New Providence 

area.  Tourists have the potential to degrade natural habitats through trampling and pollution; for 

example, highly visited corals suffer from additional breaks from direct impact and sediment from 

disturbed sand (see Arkema 2014 SI).  To map the extent of tourism we used the documented locations 

of travelers by Flickr to 500 m hexagonal grid-cells and assumed a zone of influence of 250 m (Figure 

25c).  Lionfish, which compete with native grouper and are associated with increased coral macroalgal 

cover, are abundant throughout New Providence corals (Johnson et al. 2015) and we mapped their 

location as the full extent of corals as well as the adjacent 500 m.  To map the extent of Casuarina, 

which competes with native vegetation and whose shallow root system increases erosion, we used 

ōǳŦŦŜǊŜŘ Ǉƻƛƴǘ Řŀǘŀ όтрлƳύ ŎǊŜŀǘŜŘ ǘƘǊƻǳƎƘ ¢ƘŜ bŀǘǳǊŜ /ƻƴǎŜǊǾŀƴŎȅΩǎ ŀerial survey work of invasive 

species (Figure 25d).  We applied a 250 m zone of influence for both lionfish and Casuarina.    

Marine activities included fishing and marine transportation.  We mapped fishing pressure as the area 

on and around (500 m) coral reefs based on past studies (Harborne 2017) and consultation with local 

experts that suggested relatively high fishing intensity in and around the coral reefs around New 

Providence (Figure 25e).  For marine transportation, we focused our efforts on larger vessels and used 

data from the vessel automatic identification system (AIS) to map the relative intensity of vessels within 

1 km grid cells (the resolution of the data) (Figure 25f).   

  

  

A) Development and dredging  B) Oil leakage and zone of influence 

C) Tourism C) Lionfish and Casuarina  



 

48 
 

  
Figure 25. Human activities on and around New Providence.   For tourism and marine transportation, darker colors represent 
greater intensity.  Southwest marine managed area is outlined in black.    

Risk to habitats 

The extent and multitude of human activities on and around SWMMA puts much of the region at high 

risk of habitat degradation.  All beaches are at moderate or high risk and this risk is driven by the overlap 

of development, tourism, invasive species, and, in the case of high risk areas, dredging (Figure 26a).  Risk 

to seagrass is similarly driven by the overlap of moderately-impactful human activities; high risk occurs 

where high impact dredging and oil occur (Figure 26b).  Corals are at high risk of degradation near 

development, the oil leak, and in areas where tourism occurs along the coastline shared with SWMMA.  

The restoration scenario adds 6.35 km2 of low risk coral, 20% of the total coral within SWMMA (Figure 

27).  Pressure from fishing and lionfish threaten corals and result in moderate risk of degradation even 

where higher impact activities do not occur (Figure 26c).  For terrestrial habitatsτmangrove, coppice, 

and pineτrisk corresponds to areas of development and, where applicable, invasive Casuarina (Figure 

25d-f).  Across habitats, areas of low risk are rare and occur only where human activities do not.    

   

   

E) Fishing  F) Marine transportation 

A) Beach B) Coral reef C) Seagrass 

D) Mangrove E) Coppice F) Pine 










































































