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Executive Summary

Marine Protected Areas for People and the Environment

Themarine and coastanvironment of The Bahamasovides habitatfor a diversity of animals and

plants and numerous benefifsr the Bahamian peopleYetcoral 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

GKS O2dzyiNBEQa SO2y2Yeé YR SyadaNB KdzYly ¢StftoSAy3ao
The Bahamasas the opportunityto protect and managecoastal and marine ecosystems and the

wealth of economic benefits they provide ®ahamiansand beyond.

Bahamas Protected is a thrgear initiative b effectively manage and expand the Bahamian marine
protected areas (MPA) netwotk safeguard the economic value of marine ecosystdtra&ms to

support the Government of The Bahamas in meeting its commitment to the Caribbean Challenge
Initiative (CQlin which 11countriespledgedto protect 20% of marine and coastal habitat by 20&th
sustainable financing for effective managemeB&hamas Protected is a joint effort between The

Nature Conservandff NC)Bahamas National TruBNT) Bahamas Reef Branment Educational
Foundation(BREEFand multiple national stakeholders, with major funding from Ocean#&$ a

component of Bahamas Protected, the Natural Capital Project was contracted to quantify the economic
value of Bahamian MPAs and tilfluence ofalternativemanagemenscenarioon future values

+| f dzA Yy 3 Y ly ibgubdofe inarine2pdatédiion

Traditional approaches to MPA management have historically focused on ecological considerations, such
as a sufficient area and divaty of habitatsand proximity. Whilesuchecological considerations are

essential for the sustainability of critical species, they may miss the importance of MPAs and ecosystems
for humans. Increasingly, conservation practitioners, governragehciesand other stakeholders are
O2y&aARSNAY3I (GKS o0SySTAda d(GKFdG ylI &@NBE LINRPJARSa G2
Diverse and functioning ecosystems pravidyriad economic benefits thaan be sustained through

protected area management. Nearshore habitatésber the stocks of commercial and recreational

fisheries, beaches and reefs draw tourists, and coastal forests and sesgbagter storm waves,

mitigateOf A YIF S | yR LIN2Y23GS 6FGSNJ ljdzr t AGe® .FaSR 2y
The Baamas and throughout the Caribbeane \uantified the economic value for the existing MPA

network of four ecosystem services that reflect important shared values of Baharthangg).

Nursery habitats to . . Communities protected Carbon storage for
. . Vibrant tourism . o
support lobster fisheries from coastal hazards climate mitigation

A$23.5 millionin export  A$67.6 millionin AReduced exposure to A $5 billionin avoided
valueannually expendituresannually 39,000 people and carbon emissions

A 6 million Ibs. catch A 383,000 visitordays $806 million in annual A 400 million tonsCQin
annually annually income mangroves & seagrass

Figure EQ. Economic value of four ecosystem services provided by The Bahamas MPA network.
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Additional services thawould likely increase the overall value of the network (HargreadMis 2016)
include:
1 Hsheries support worth $268/kffyear from coral reef, mangrove, seagrass, and tidal creek
1 Freshwater supply worth $15.5/kityear from tidal creek
1 Water and water qualy services worth $508/kffyear coral reef, mangrove, seagrass, and
tidal creek
1 Cultural and aesthetic services worth $324Aear from coral reef, seagrass, beach, tidal
creek, and open water

Spatial variation in the value of ecosystem services proviyeitie MPA network

Past workby The Nature Conservancy, the Bahamas National Trust, Dr. Venetia Hargkbenemnd

others have assembled considerable information about the economic value of ecosystems, species, and
MPAs in The Bahamas. The Naturalit@bprojectbuilt onthis knowledgeby estimatingspatial

variationin the economic value of ecosysteserviceswithin the existing MPA network

Designated marine protected areas of The Bahamas

management plan status: finalized (x) drafted (*)

- Abaco

coral

I mangrove

seagrass

Andros

14. Andros Joulter NP (*)
15. Andros North MP (*)

16. Andros South MP (*)
17. Andros West Side NP (x)

Berry Islands
18. South Berry Islands MR (x)

Cay Sal
19. Cay Sal MMA

Conception
20. Conception Island NP

Exuma

22. Exuma Cays Land & Sea Park (x)
23. Exuma (Jewfish Cays) MR

24. Moriah Harbour Cay NP (*)

Grand Bahama

25. East Grand Bahama NP
26. Lucayan NP (*)

27. Northshore / The Gap NP
28. Peterson Cay NP

Green Cay
30. Green Cay MP

Hogsty
31. Hogsty Reef Protected Area

Inagua
29. Union Creek Reserve
32. Little Inagua NP

1. Abaco NP (x)

2. Black Sound Cay NR (*)

3. Cross Harbour NR (*)

4. East Abaco Creeks - Cherokee
5. East Abaco Creeks - Snake Cays
6. East Abaco Creeks - The Bight
7. Fowl Cays NP (*)

8. Marls of Abaco NP

9. No Name Cay MR

10. Pelican Cays Land & Sea Park (*)
11. South Abaco Blue Holes NP

12. Tilloo Cay Reserve

21. Crab Cay MR

40. Walker's Cay NP

Acklins/Crooked Islands
13. Bight of Acklins NP

37
3938

New Providence 31
33. Bonefish Pond NP (*) © 32
34. Southwest New Providence MMA ~ (2

e
2y

Samana & Plana Cays r e
35. Southeast Bahamas MMA <
San Salvador

36. Graham's Harbour (*)

37. Greens Bay NP (*)

38. Pigeon Creek & Snow Bay NP (*)
39. West Coast Dive Site (*)

|_100km |

Figure EQ. Designated marine protected areas of The Bahamas. NP=National Park, MP=Marine Park, MRRedarire

MMA=Marine Managed Area




The values for individual MPAs vary greatly across the network, as a function of ecological, social, and
economic factors. These differences can be usedftdm management.

The Andros Wes8de National Park, Marls of Abaco National Park, and Cay Sal Marine
/. Managed Area contaim higter proportion of their NS 3 A 2y Q& YI yIN@atnSa | yR
“ ~  other protected areas those regionsnd thusexemplify priority areas for managemetat
ensurethe economicbenefits offisheries into the future.The economic value of MPAs for
their nursery habitat contribution to the spiny lobster fishelgpends on MPA size, extent of nursery
habitat, and proximity to adult, shallow shelf habitat, as well as ofhetors such as larval recruitment.

The higter tourism expenditures attributable to Southwest New Providence Marine
Managed Areaand Exuma Cays Land & Searkillustrate the importance of infrastructure
and access for supporting tourisand highligh how investing in protection and
management of coral reef and fish communities can foster a wemdwned location for
tourism.

Half the population ofSan Salvador and 1/8he population of theBerrylslandsare at lower

risk dueto ecosystems within MPAs More than 30,000 people on the island biew

Providencedlive inareas partially protected by coralsy SWMMAand coastal forests in

Bonefish National ParkThe economic value of coral reefseagrass beds, mangroves, and
coppcewﬂhm MPAs for reducing thetorm risk ofcoastal communities depends @xposure (e.g.,
shallow wideshelfsare associated witBtorm surge) and proximity to coastabpulations.

Andros Westdde 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 carborstoring habitat), relative abundance of seagrass vs mangroves (mangroves
store more carbon per unit area), and abiotic factors (e.g., precipitation, temperajur

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

Tourism 383,000 visitoidays ands67.6 million in Island differences in visitation, expenditul
expenditures annually habitat extent, access, infrastructure

Coastal Reduced exposure to 39,000 people anc Habitat type and qualitygoastalelevation,

protection $806 million inncome annually shoreline type, surgpotential, wave

characteristicssealevel rise proximity of
habitats in MPAo coastal population

Nursery habitat 6 million Ibs and$23.5 millionin revenue  Habitat typeandextent, larval recruitment

for spiny from the lobster fisheryis attributable to  to nursery habitat proximityof nursery
lobster nursery habitatannually habitatto shallow shelf habitat for adults
Carbon storage 400 million tons of Cgstored and Relative abundancef mangroves and
for climate $5 billionin avoided damages from seagrass, carbon stored in soil and
mitigation emissiongylobally aboveground biomasgbased on climate).



Islandscale valuation of ecosystem services to inform future management

TheMPAs in the current network differ itheir economic value of ecosystem servieesl management
status. Some MPAs have finalized management @adsthers have plang) the development stage.
Still otherislands are scoping the potential of MPAs torrage 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 diffeegass.

Exuma Cays Land and Sea Pigrkhe oldest marine protded area in The Bahamas and the only one
managed as a ntake 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 maitain these benefits now and into the futur@/ithin the pak, our analysis estimates
1 Visitors spend $6.6 million annually from 23,000 visitays.
1 Nursery habitat supports $1 million in export value of spiny lebst
\ annually and 240,00[bs. in catch
1 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 Cayfow population precludeassigning aoastal
protectionvalue to ECSLP).
1 Seagrass and mangroveevent over $130 million in avoided damages
due to emissions by storing more than 10.7 million tons of carbon.
9 Previous studies indicate increased biomass and reproductive capacity for lobster, Nassau, grouper
and queen cooh within the park and that improved fisheries outside the park, along with increased
high-endtourism andproperty valueswithin the park has generated over $9 million in direct and
measurable economic impact in a single year.

I Y RNE & Se RlafichalPark, Joulter Cays, North and South Marine Parks, and Barrier Reef
provide a wealth ohaturalresources The Sustainable Development Master Plan for Andros informs
investments in infrastructure and education to support livelihoods, while safeguardingdbsystems
GKIFIG dzyRSNIAS (KS Aaf I yRaMaSI@Plghavwdd | y R KdzYly 4SSt f

E 1 Increase tourism expenditurdsom $113 million currentlyo $170 million, an

increase ofnore than 35% in Mangrove Cay and North Andros and 10% and 20%
in South and Central Andros, respectivdly contrast, intensive development
would concentrate tourism in the North and South distriétsther exacerbating
the unequal distribution of weé.
91 Increase the valuto the lobster fishenprovided by nursery habitats in
Andros MPAs by $6.5 million, from $14.5 to $21 million annually
1 Protect nore than 60% of the populated coast of Andfap from50%, $2.4
million, currently protected. Unregulded development and destructive fishing
practices wouldnore than triple the number of people at risk from flooding and
erosion
1 Increase carbon storage asset®rth $6 billion inAndrosWestSde National
Park by 3% and safeguard against $550 millionl@amages possible under more intensive
development

1 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
(HagreavesAllen 2010).




Southwest New Providence Marine Managed Arearders the most populated island in The Bahamas.
SWMMA provides benefits to a multitude of users, yet the cumulative risk from human activities
development, dredging, oil leakageurism, invasive species, fishing, and marine transportation
threatensto reduce the services the argaovides. Our riskbased analysitor SWMMAestimates that
1 Visitorscurrentlyspend an estimated $14 million
annually, yet this could be increased B2 if habitats
facedlowerrisk of degradation.
1 Risk from current activities reducdsy 50%the
contribution of nursery habitat for lobstem loss of
$127,000 (from $259,600 if habitats faced no ok
degradation from human activitigs
1 6%ofNewt N2 A RSy OS (ad 12%Rafjdzt | G A 2y
income)is at greater risk from storsms a result of current
risk to habitats.Habitats around New Providence could
protect up to 30,000 peopld they faced no risk
1 Habitatsin SWMMA could store up to 2.45 milidons of carbon, buare compromisedby risk from
current activities storing only 1/2 as mudthan if they faced no riskat a global cost of $16 million.
1 Restoring ~6 kdof coral within the park could result in $662,000 manevisitor-expenditure
annually and would protect an additional 22,000 people and $606 million in annual income.

North Bimini Marine Reserve (NBMRjgs approved in 2010 but never officiadjsizettad. Management

actions that reduce the risk of degradation have the potentidde¢nefit not only the
j seagrass, mangroves, coral, and species, but also the people of Bimini that rely on

these ecosystems for their sustenance, livelihood, arietgaWithin the reserve
1 An estimated 19,500 touriswisit each year, spending $3.3 million.
1 Nursery habitat supports nearly8$0,000 in lobster export valuend 76,505 Ibs.
of catchannually
1 Mangroves, seagrass, and even the little bit of coral within the reserve reduce
the riskto coastal hazard faonearly half of the population of north Bimii(3,000
people) valuedat $31.2 million annually
1 Mangroves and seagrasses store over 3.5 million tons of carbon, wést® $
million in avoided damages

Eleutheradoes not currently have any MPAgtadjacenthabitats provide important benefits,
demonstrating the potential value of MPA designatidhesemetricscould be used to engagiiverse
stakeholders (e.g. residentBshers and tour guidesaroundMPA designationBenefits include
1 $30 million in vidor-expenditures are generated in Northern Eleuthera,
followed by $17 million and $11.5 million in Central and Southern Eleuthera,
respectively.
1 $5.7 million annually in lobster export value (from 1.5 million Ibs. in
catch) is attributable to nurseryabitat around Eleuthera
1 Al 11,000 people living on the island benefit fréime reduction in
coastal hazardsmarineecosystemsgrovide, especially along the high hazard
areas to the north, the eastern side of the island, and Southern Eleuthera
1 Mangrovesand seagrass store more than 120 million tons of carbon,
worth morethan $1.5 billionn avoided damages



Implications of findings for MPA policy, planning, and management

According to our analysiMPAs are wortl$67.6 millionannuallyin tourism expeditures,2.6% of

overall expenditures in 2015 0systems within the existing MPA netwaie worthmore than $23.5
million annuallyin nursery habitat values for spitgbster. Due to spatial variation in proximity of
nursery and adult habitat, the nuesy value of the MPA network contributes 5% of theoverall value

of the lobster fishery, which in turprovides more thari,300 active lobstejobs(Sealey 2011)Iin
addition,ecosystems in the network provide $806 million annugilgoastaprotection benefits,

reducing he risk of coastal hazards, such as Hurricanes Mathew and Joaquin, to nearlypt® @0
living along coastlines throughout the countrilangroves and seagrass within the MPA network store
400 million tons of carbon, wort5 billion in avoided emissions globally.

1

Effective management is important for maintaining and growing the economic value of the
existing network of MPAs®s the examples of SWMMA and Andros sh@wlyfour out of the

40 existing MPAs have managereians finalized14 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
hurricares 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 IntegratedstalaZone Management processes on a national
scale and sustainable development planning on a local sqatevide opportunities to

incorporate MPA management.

By maintaining the economic value of ecosystem services provided by functional habitats, well
managedVPAs carhelp The Bahamas achieve several of its international commitmentsasuch
those under the Convention dsiological Diversity. Additionally, several Sustainable
Development Goals are related to MPAs including, healthy oceans (Goabudtypalleviation
(Goal 1), hunger (Goal 2), health (Goal 3), climate action (Goal 13), and sustairesbnd
communities (Goal 11).

An ecosystem services approach and models can be used to quantify the economic value of
possible sites for future ptection under the 2eby-20 challenge. Exploring the economic value
of alternative protected area optiorsan help to ensure that management strategies maximize
benefits and minimize costs to local communitias well agenerate social suggt from

adjacent residents t@nsure thatthe protected areas meetommunity expectations

By fostering an iterative process between ecosystem service valuation and stakeholder
engagementBahamas Protected has the opportunity to understand how management
decisiongnade 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 Bahamiam&t®Rark.

Conclusion

The economic value of ecosystagrvicesandthe livelihoods they support indicate the importance of
taking action to protect and managke MPA networkniow in orderto ensureeconomic and societal
benefits to Bahamians, th@aribbean, and ped 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
islandscale valuation to inform management.



1. Introduction

Background

Themarine and coastal ecosystermEThe Bahamagrovide habitat to a diversity of animals and plants
and numerous benefits to the Bahamian peopléhousands 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 f{@murlow and Palmer 200,7and draw more than 6

million tourists annually (Ministry of Tourism 201%kveral commercial, recreational and siktence
fisheries support livelihoods and provide sustenance to the Bahamian peoplgréeiaesAllen 2010,
Department of Marine Resources 2014Yhile thesecoastal and ocean activities are critical to The
Bahamian economy and wdiking of its peoplethey also pose risks to the very ecosystems that make
them possible. For example, coastal development for tourdsmd housingan lead to mangrove

clearing and plution; overfishing threatens economically and ecologically important fish as well as the
coral eefs they depend upon (Halpeet al. 2008. Hurricanes such as Joaquin and Mathawderscore

the dangers settlements and cities face with rising seaspwigg intensity and frequency of storms,

and loss ohatural resourceshat buffer shorelinegArkema et al. 2017, Sullivan Sealey et al. 2017)

To safeguard coastal and marine ecosystenteerBahamian archipelagind throughout the

Caribbean, The Gorament of The Bahamas and governmentsesf other countries and territories

have committed to the Caribbean Challenge Initiative (CCI). This regismalainvolves protecting

and effectively managing 20% of marine and coastal ecosystems in each dou@g00 (i K Soy-HQH @
goal and ensuring that the conserved areas are effectively managed into the fntlusive ofa

reliable, longterm finance structure. To meet this target, The Bahanmaginuesto expand on its
existing network of Marine Proteed Areas (MPAs)nce 2008which 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 thetected areasvill be needed tdulfill national
conservatiorobjectives 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 thrgear initiative to efectively 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 (CB8hamas Protected is a joint effort between

The NatureConservancy, the Bahamas National Trust, the Bahamas Reef Environment Educational
Foundation and multiple national stakeholders, with major funding from the international philanthropic
organization, Ogans 5. One component of Bahamas Protected is thetiigation 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 MR#flanninghave focused on ecolagpl 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, g@rnment agencies, coastal planners, and other stakeholders are
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coastal and marine management (Arkema et al. 2015, Langridge et al. 2014, White et al.\ 248 an
ecosystem services approach to infoplanning and management MPAs can help generate social
support from adjacent radents Hamu et al. 2004Abecasis et ak013)and ensure thathe MPAs meet
community expectations and align withsidents' livelihood and culture (Meyer and Helfman 1993,
Hayes et al. 2005

Globally the ecological, economic, and social impacts ofAglRary 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 (Abesaiiss 2005,
Amargo et al. 2010, and Januchowski et al. 20H&)wever,outcomes from MPA establishment vary
considerably among different sites. A recent study suggesteong 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
BarrierReef 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 expansiortakenpones

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

et al. 2010). MPA establishment in other regions has also had positive economic b@uefitmte et

al. 2010 HargreavesAllen2012 Schuhmann and Mahon 2018argreavesAllenand Pendleton 2016

The social impacts of MPAs are widely debated and lesauwadirstood (Mascia et al. 2017).

In The Bahamas, several previous studies have assembled considerable information about the economic
value of ecosystems, species, and MPAs (Hargresiers 20D, 2011, 2016Micheletti 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 8800to more than one million

per square kometer per year (adjusted to 2015 values). These habitats vary in the services they
provide, for example coral reefs are important for tourism and coastal proteddiginhave not been

shown to contribute substantially to carbon storage and sequestratifhile 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 thariportance 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 factoEar example, coastal protection vakigendto be highemwhere

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 th management and declaration of MPAs is a better understanding of the
economic value of ecosystems across diheersenetwork of MPAs and how management decisions

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

To quantifythe economic value of ecosystems within the marine protected area netwhekBahamas
Protectedproject collaboratedwith the Natural Capital Project (NatCapNatCap works with leaders

countries, companies, communities, and organizations worldwadgetveloppractical tools and
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sustainable future NatCaphas developed a suite of ecosystem service modelsabiahect habitat

guality to ecosystem semes and produce metrics in biophgal, economic and social termg/e 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, BiRiehey2017).

NatCap worked with the Bahamas Protected project to levemgen-country experience and

economic models tguantify the economic value of Bahamian MPAs to inform their work towards the
20-by-20 goal In particular, wg1) reviewed past studies of economic value of marine ecosystems,
species, and MPAs in The Bahan{asusedopen-source software tauantify the economic value of

the existing network oMPAs (3) explorednanagement issues argliantifiedecosystem servicaat an
island scale for five regions with MPAs of varying management regi)ssiggesteduture directions

for using an ecosystem services approach to inform declaration of new MPA&)amnavideda final

report, including a written summangynthess and gaphics to support communicaticabout the
biophysical, economic and social value of MPAs in The Balmrdasiggest policy implicatiomhe
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.



Designated marine protected areas of The Bahamas

management plan status: finalized (x) drafted (*)

- Abaco
coral e . Abaco NP (x)
: . Black Sound Cay NR (*)
. Cross Harbour NR (*)
. East Abaco Creeks - Cherokee

1
[ mangrove g
g. East Abaco Creeks - Snake Cays
;
8

seagrass

. East Abaco Creeks - The Bight

. Fowl Cays NP (*)

. Marls of Abaco NP

. No Name Cay MR

10. Pelican Cays Land & Sea Park (*)
11. South Abaco Blue Holes NP

12. Tilloo Cay Reserve

21. Crab Cay MR

40. Walker's Cay NP

< "
(=}

Acklins/Crooked Islands
13. Bight of Acklins NP

Andros

14. Andros Joulter NP (*)
15. Andros North MP (*)
16. Andros South MP (*) ,
17. Andros West Side NP (x) A

Grand Bahama '\
25. East Grand Bahama NP
Berry Islands 26. Lucayan NP (*) <
18. South Berry Islands MR (x) 27. Northshore / The Gap NP New Providence 31
28. Peterson Cay NP 33. Bonefish Pond NP (*) & 32
Cay Sal 34. Southwest New Providence MMA O
19. Cay Sal MMA Gresn Cay 29 i\‘/ﬂ
30. Green Cay MP jiroans & Plana Cays At
Conception 35. Southeast Bahamas MMA <o
20. Conception Island NP Hogsty
31. Hogsty Reef Protected Area San Salvador
Exuma 36. Graham's Harbour (*) 100 km
22. Exuma Cays Land & Sea Park (x)  Inagua 37. Greens Bay NP (*) |-—|
23. Exuma (Jewfish Cays) MR 29. Union Creek Reserve 38. Pigeon Creek & Snow Bay NP (*)
24. Moriah Harbour Cay NP (*) 32. Little Inagua NP 39. West Coast Dive Site (*)

Figurel. Bahamas rarineprotected areas networkimportant habitats for providing ecosystem services are also shown:
Seagrass beds (light green), mangrove forests (dark green), corals (lightNis)ational park, MMA= Marine Managed Area,

MR= Marine ReserydlP=Marine Park

2. Priority ecosystem services

Basedon conversations with the core team, aswelleK S b I G dzNF € / F LIA G | f
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Bahamas and throughout the Caribbean, we identified four benefits that reflect some of the most

important shared vales of BahamiansBecause of their importance féine national economy,

livelihoods andsustenancefisheries and tourism relatedaluesare often the benefits from nature that
first and foremost resonate with stakeholderafter hurricane Joaquin in 2Gland hurricane Matthew
in 2016 stakeholders, decisiemakers, NGOs, and coastal planners, are showing increased interest in



the role of ecosystems in providing a natural buffer from stampact, floodingand sealevel rise.

Finally, vhile the importarte of ecosystems as carbon sinkelativelynew and not often mentioned

by stakeholders during initial conversations about their values for coastal and marine ecosystems, the
fact that small island, Caribbean nations aréhe 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 formny lobster fishery

Fishing is an especially important activity for Bahamians, as people cauniydepend on fisheries for
income and sustenance. National and foreign fishing pressure, alongaedgtty conducted and
excessiveoastal development angollution 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 aver@geilobn Ibs. of lobster tails
(equivalent to16.9million Ibs.whole lobster), with an average value of $®@lion (Department of

Marine Resources)Spiny lobster depergbn nearshore hbitats, including seagrassangrovesand

other nearshore vegetation likine red algael.aurenciaduringtheir early life stages.nipacts to these
habitats can have consequences for the productivity of the fishery as a whole. We focused our analysis
on spiny lobsterseagrass, and mangrovescause it is the most valuablepaxt fishery, because
country-wide datasets of seagrass and mangroves exist (we lack such datadedsifenciy, and

because the Department of Marine Resources releases periodic reports with the necessary parameters
to model this species quantitativelydto estimate the economic value of nursery habitatMPAs.

Tourism and recreation

Tourism is a major part of the economy of The Bahanma2015 over 6 million foreigners visited The
Bahamas and contributed $2.5 billion to the economy. Based os@xiey reporting, the three most
popular tourist activities are beaeping, rest and relaxation, and snorkeling (Ministry of Tourism 2015).
Significant portions of tourists also listed diving, deea fishing, bonefishing, and birdwatching as
reasons fotheir 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
ecosystemsuch as coralreefd NB OSy i @I t dzl (rdl Refs edtifiated kil reef 2 NI RQa
associated visits ifihe Bahamas generate over $500 milliowisitor expenditures, approximately
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Since ten percenf the archipelagic zone is currently designated in a network of protected anedb

more designations to contetourists arealreadyspending time and money, and gaining valuable
experienceswithin the MPA network, whether they are aware of it or ndherefore, 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 visitatio rates and expenditures related to siésits 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 mangrow systems (photo by Jaclyn Mandoske).

Coastal protection provided by natural buffers

Sea level rise, storm surge, and flooding are major issues throughout the Caribbean (Sitrgdson e
2010,IPCC 2014)The. | K I Y I -Bigy ndtiBedmakes it particulgrivulrerable. Hurricanes Joaquin

and Matthew demonstrated this vulnerabilitERM 2017, Sullivan Sealey et al. 2@ recent

analyses project over $1 billion in average annual losses due to inland and coastal flooding in the future
(ERM 2017).¢awallshave 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). Marineand coastal habitats primarily coral reefs, seagrass, arahstal forests can 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 proding valuable coastal protection services is important for communities seeking to
managecoastal resourcesldentifying where habitat in existing MPAs is particularly important for

helping to reduce the risk of coastal hazards to people and property &artd 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 millenfi@hmura et al. 2003). Carbon stored and sequestered by
O2ladlt SO2aeaitSvya Aa AYyONBlFraiay3ate o0SAy3d NBFSNNBR
as acarbon sink (Mclead et al. 20LThe ability of coastal ecosystems to contribute sabsally to



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 amunts of stored carbon into the atmosphere (Donato et al. 2011). Land
use changes currently account fagZD% of global greenhouse gas emissions (Pendleton et al. 2012),
and since carbon released from coastal habitats is often not aceddar in nationalgreenhouse as
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 geass for their carbon storage and sequestration services

through strengthening policy and practical management decisions (Crooks et al. 2011), such as
declaration and management of MPABurther, emerging carbon markets atice REDD+ program

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

3. Literature review of @st workon economic valuesf ecosystems,
speciesecosystem serviceand MPA& The Bahamas

Background and objectige

A wealth of research has been done throughout the world, CaribbeanTheBahamas to understand

and quantify the benefits that natural capitahabitats, ecosystems, species, and ntoggovide to

people. Constanza and others (1997, 20D4)ly (1997)Babier and others (2011), and De Groot and
20KSNB owvHnmMuHO0 AIYAGSR (GKS 3If20Ff O2y@SNEIFGAZ2Y | NP
natural capital.In the subsequent yearfgcal,regional and national studiesound the worlchave

improvedthe methodologyfor valuinghabitatsandthe ecosystem services they provideA key lesson

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

economic factors (Ruckelshaus et al. 2015). Scientists andmégis 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 hopeuhabmpilation

and synthesis would farm current activities within ie Bahamas Protecteproject andprovide context

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

Methodology

We surveyedhe peerreviewed and grey literaturasing existing ecosystem service databases, primary

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

from partners, and theitationsfound within eactpublication. We used Hargreavesf f Sy Q& f A {4 SNJI (
reviewfor the Integrated Coastal Zone Managemelarpas a starting point, referencing the global and

regional studies and thoroughly incorporating the handful of Bahamian studiesfoised on studies

that were specific to ThBahamasand includednetrics that quantifiedhe value of habitats or

ecosytem services with the country. Vdals 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 effortsremluceemissions frondeforestation and forestlegradation, 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.



ecological studies of coastal and marine ecosystem sexuicEhe Bahamas. Such a review would have
been beyond the scope of this study).

We catalogegublicationsand reportsbased on the habitats and services included. We then
summarized results fahe most relevanhabitats andecosystem servicedNe seleted which habitats
and services to further explore based on the availability of previous work, the types of mepricsed
(e.g., monetary, numbers of people affectedhd the priorities identified by the core teanWe
adjusted reported values by iafion in order to report all values in 2015 Bahamian dollars.

Resultsaand interpretation

Twenty-three studies met our criteria for selection and were included in our database. The majority of
these studies are naitherwise compiled in known global, riegal, or nationatlatabases of ecosystem
service values. For examplgonomics of Ecosystems and Biodiversity (TEtEB)global initiative to
recognize, demonstrate, and capture the value of natuhas created a databasef valuation studies

to further its mission, yet none of the 37 Caribbean studies included are specific to The Bahamas.
Similarly, theMarine Ecosystem Services Partnership databastudes 45 studies from the Caribbean
and only fourare from The Bahansd Despite limited representation in global databases, the 23
Bahamasspecific studies included indicate the rich history and knowledge aroartdinecosystem
services in The Bahamas.

The 23 studies included represent a range of locatiapproachesinetrics, and priorities Rougly half

of the studies were conducteidr 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
Providenceand one o Andros. Té majority of these studies usebenefits transfer approach and
present the value of habitatsr services per unit area. Other studies, especially those related to
fisheries catch, measured economic export value or estimated the numbebaf jdalf of the studies in
included the value of habitai@r ecosystem#n their analysigsee database)Mangroves were the most
commonly included ecosysterfollowed closely by coral and then seagrdsgifre2). All but one study
included valuation ot least oneacosystem service. Fisheries warestly commonly quantified and
valued followed by tourism and then, more distantly, by climatéigation, cultural valuehiodiversity,

and water qualityFigure2). In some cases, values could be readily compared between studies, while in
otherscasesmetrics were not appropriate to further summariz8ased on the focus of this
consultancythe number of relevant studies, and the types of negrincluded, we selected ecosystems
and services to further summaribelow. Please see the associatddtabase to see the full range of
metrics and values for each habitat and service.

3 http://www.teebweb.org/publication/tthe-economicsof-ecosystemsand-biodiversty-valuationdatabase
manual/
4 http://www.marineecosystemservices.org/databases
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Figure2. Number of valuation studies including different habitats and ecosystem sdrvitks Bahamas

Past analyses ohabitatand eceystemvaluation

Of the habitatsand ecosystemincluded in previous valuation studigBats and estuariewere valued
most highly followed by corateefsand mangrove. Values fotidal creeks (including tidal flats and
estuariesyanged from$35,000to $1.75 milliorkm?/year. The greatest value (and variability in value)
of tidal creeks comes from their ability to protect coastlindiieth can provide values of $150,0@0
over $1.5 million/knt/year. Tidal flats also provide important values fisheries support ad carbon
sequestration (Hargreavesllen2016) The rangef values forcoral valueand mangroveéincluding

tidal mangrove creeksre similarly wide from $44,500 $1.35 milliokm?/year for coral and $850,000
- $1.2 million/kn¥/year for mangrove Figure3). Again, e estimatedgreatestvalue (and variation in
value) for these habitats comes from coastal protectiemy($38,500- $1.3 milliam/km?/year for coral).
In addition to coastal protection value, coral is important for its contributiodit@rs,snorkelersand
recreationmore broadly($198,00km?year). Commercial and subsistence fisheries are also dependent
on coral and this fishées support is estimate &31,00091,000 knilyear (Hargreavesillen 2016).
Mangroves derive additional value through providing nursery habitat for fisheries and storing and
sequestering carbanPast studies have valued seagrass and forests (includiaggoppice, and shrub)
at far lower values. Seagrass has been valued $600-150,000km?/year and forests values are
clustered around $724,000km?/year (Figure3). Unlike other habitats, seagradsrives most of its
value for its role in carbon sequestration.

For each habitat, the largest economic values come from the most recent bemefigfer aralysis,
which used improved methodology at a national scale to inform the Integrated Coastal Zone



Management plan. This approach included the array of services provided by each habitat (an update to
previous work where values were not available), whitewianeously reducing double counting by
GO02yaAiARSNAY 2 FHAS NIYIRLIZE eiyNSINES 0 $yloahBikMding find FathdkB y i a SN
than intermediate) services and matching studies based on many criigigreavesillen2016).
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Figure3. Economic valuation of habitaas determined by different studies (adjusted to 2015 valu&sjurces are adjacent to
the data point: SFG 2013 is Clavelle and Jylkka 2013 (as reported for the Sustainable Fisheries/Gisita)gteavesAllen,
and M. et al. is Micheletti et al. 2016

Past aalyses oécosystem servicealuation

Fisheries

Of all of the ecosystem service valdeand throughout the literature and puished data, fisheries

catch and export value are the mastadily 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 Bahama3hough time, the lobster fishery has been the most prolifimyging in 2,301
metric tons per year from 2006 to 20QPept. of Marine Resources in Hargreaydien 2010Wwith an

export value of over $64.5 ithon. However Smith and Zeller (2016) suggest that lobster calating

that time was likely closer to 1800 metric tons, 4.5 times the reported landings. Reef fish are reported
as the second mostaluable fishery, bringing in nearly $60 million in export value (FAO 2009,
Hargreavesillen 2010). Individual scalefish species, conch, crab, and sponge censubstantially,
$0.510 million in export value annually eachn addition, much of catch of these species are traded
locally and not reported in national export statisticsgidand crab on Andros island; Hargreadden

2010) An estimated 33,100 miric tons per year (1950010 average) are caught in the subsistence
fishery (Smith and Zeller 201 @roviding food security to countless Bahamialgeconstructed values

for other sectorsare any indication, th&alue of fisheries commercial, recreabn, and subsistenae

are likely much larger than reported at the national scale.

In addition to the commaonly published catch and export value, a few studies hdgntonstrate the
importance of the fishing industry f@mployment Gittens and Brayne{iND) estimatehere to be over
4,000 Bahamianighing vesseland 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 Hargrélees
(2010) reports therd¢o be 3,800 partime fishers and an additional 52 vendors, processand
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exporters. FurtherSullivan Sealey (2011) estimate roughly 1,300 active lobster fishers throughout the
islands, with the most around Grand Bahama, Spanish Wells, Abacos, afdNgdence. 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 annuallgontributing over 60% to the national economy, tourismital to
The BahamasMinistry of Tourism irHargreavesillen and Pendleton 2010). Stopover visitors in 2007
spent over $402 million (Hargreav@den and Pendleton 2010)et, these national statistics miss some
of the implied revenue, aggregated econiznimpacts, and the livelihoods supported. The implied
revenue from nature based tourism on Andros alonevier $24.5 millionwith bonefishing lodges
contributing the greatest amount (Hargreav@fien 2010). Demonstrating that the economic impacts
extend beyond visitor expenditure, expenditure for guided and-gaided fishing is over $75 million
annually, while the estimatd aggregated economic impact is over double that (EedD10).

Expenditure related to sharksfor cinema, research, diving and neoris over $50 million annually; the
aggregated economic impact is, again, well over double at nearly $115 million ar(iesdly 2017) As
with fisheries tourism also supports the livelihoods of Bahamians, though these data are limited. On
Andros alonenature-based tourism supports an estimated 518 peomtean island with a population of
roughly 8,000 (Hargreavedlen 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 potection

While fewer studies examine the role of natural habitats in protecting people, livelihoods, and income
from storms and erasion, the value of coastal protection is consistently Kight recently coastal
habitats have been estimated to provide $3.9 billion ke¥in coastal protection and nearly $120
million in erosion control{argreavesAllen2016). Though determined using older methodology,
habitats on Exuma and Andros were gsdted to provide over $8.5 and $6.8 million pen?,
respectivelyin disturbance regaltion (Hargreavesillen 2011, Hargreavesllen 2010). In past work on
Andros for thecreation of the Master Plan, the Natural Capital Profeaind that natural habitad
protected over 9%m of shoreline, and 50% of the coastal population andual income. On east Great
Abaco, the disturbance protection from coastal habitats provided an avoided cosfi&&ftbr
communities and $1,348 in avoided costs for governmditite erosion protection provided an
additional $33,423 in avoided costs for government (Micheletti et al. 20%&)dies including coastal
protectiont though limited in number ubiquitously find the role of habitats in protecting shorelines
from storms ancerosion to be one of the most valuable.

Climate mitigation and carbomosage

Relatively little work hapreviouslybeen done to evaluate and estimate the value of natural capital in
climatemitigation and carbon storage. In a study of fsiies on Eletihera, 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 pekm?per yearfor carbon sequestratiofHargreavesAllen2016). There may be fewer
studies on carbon storage because of the difficulty of measuring carbon in speztions, as well as

the uncertainty and volatility of carbon markets and the social cost of carlyeh.we know that coastal

11



habitats like mangrove and seagrass play an important role in storing and sequesterismgddat the
globally felt social cost of emitted carbon is high (IWG 2016).

4. Spatial variation in ecosystem services provided bgulrent
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 e®ystems for supporting the economy of the country and seelhg 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 ecalpgpcial, and economic

context, we used a suite of production function modeddled INVEST (Sharp et al. 2QtbAjalue

ecosystem services provided by coral reefs, mangroves, seagrasses and other habitats (e.g., beaches,
tidal flats etc.) within MPASJuerry et al. 2012). A production function approach links differences in

time and space in the ecological structure and function of ecosystgthsvariation in services that
ecosystems provide to people (Tallis and Polasky 200%se models have beesed 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. 200f).used these production functions to value the

benefits from coastal habitats with 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 addditiervices (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.

12



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 a) AZRéfa et al.
2015). The model takes information on thie Ihistory of the species, recruitment, migration, harvest
mortality, and habitat dependencies and outputs estimates of landings and value at a national scale
using aBeavertonHolt spawnefrecruitment relationslip, parameterized for steepnesghese

parametes are set nationally and therefore assume the uniform life history tr&trying capacity is

set by the availability of nursery habitavhich is represented by spatially explicit mangrove and
seagrass datal'he lobster production model assumnéat 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 estifnate
the contribution of different nursery areas to total production of the fishery.

For its application tdhe Bahamas, the model was fit to natiorelél data and literature values
estimated in the 2012 stock assessment for Spiny LobsiBreérBahamagMedley and Gittens 2012;
note that the 2014 stock assessment is not yet publicly availée) appendix C for additional details
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and sources on these parameter$) the lobster production model, age 2 lobster move from nursery to
adult habitat and aressumed to distribute evenly throughout contiguous shelf areas. Since recent
surveybased estimates of lobster are not available, we validated the model based on widespread
sampling fom the Little and Great Bahananks (Smith and van Nierop 1986).

We gopliedthis 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 contribdta significant amountf nursery habitat, which we defildeas
seagrass beds in shallow water withikrth of shore, and mangrove forest within 2&800f shore. The
amount of nursenseagrass and mangrove habitatsv@easured at two scaled) The total amount for
each region regions defined by shallow shelf areas divided by deep watel(2nthearea ofnursery
habitat within each protected areg@rigure4). To understand the contribution of habitats within

protected areas, we computktotal harvest by region using the nursery habitat amounts from (1) and
then we compute the harvest by regioafter 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 estimaibgubgion of total

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

There are a number of limitations to this approach. First, we knowlthatencids an importantfactor

for juvenile lobster, yet a lack of data on theasipl distribution of this alga tmake it inpossible to

include in the economic valuationFurther the early lifestagehabitatwe did include mangrove and
seagrass, are sourced from 2005 Landisdd, the best and most recent available, yet there may be
gaps andnaccuracie®r the data may beutdated. The model assumes that juvenile lobster respond to
habitat quantity rather than quality and this is, inrpaa function of data availabilityThe islanescale
analyse that includearisk assessment seek to address this by relating risk to habitat functionality.
Secondwhile we know coral reefs are valuable &ther commercial fisheries (see section 3, Literature
Review)they are less stor lobster(due to the abundance of casitee)d thereforethe modeldoes not
includecorak. Finally, the model does not account for areas with and without fishiog how MPAs
effect spawning stock§.e. thS W& LJA £ { 2 OBdies S AaB/E€sdléctvity l(ayidRcatchability)

is invariant across the countryThus we cannot account for the fact that protection from fishing-(no
take or regulated) has costs andrefits toar a protected area may havwoth diminishedvalue to

fishers if that lobsteris not available and greater valoatside the park to fisherSom spillover. 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 onlgkearea.

Resllts

Results show that nursery habitats within the MPA network are contributing 6.01 million Ibs. and $23.53
million in revenue each yedFigure5). In some regiors Andros, Abaco, Cay Sal, San Salvador, and
Western Little BahamaBankat ! & LINR2GSOG | £ FNHS LINRLRNIAZ2Y 27
either because the MPAs themselves are large fmgrosWestSide NPMarls 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 Nonshore/The Gap NP on Western Little Bahama Bank). In other reghaidins,

Exuma, Inagua, Northern Bahamas BaMPAs protect little nurserhabitat. Nursery habitat within
protected areas also benefits to fisheries elsewhere. This spillover effect is particularly challenging to
qguantify, but is apparent in these resulfer example, since there are no MPAs in proximity to Long
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Island, harest in the Long Island bank region is attributed, in part, to nursery habitat in protected areas

on somewhat distant, but contiguous shallow shelves.

Proportion of region's
nursery mangrove

Proportion of region's
nursery seagrass

Bank region MPA within MPA within MPA
Abaco Marls of Abaco NP 0.54 0.21
South Abaco Blue Holes NP 0.04 0.01
Cross Harbour NP 0.02 0.01
Pelican Cays Land And Sea Park 0.00 0.01
East Abaco Creeks - Snake Cays 0.00 0.01
East Abaco Creeks - The Bight 0.01 0.01
East Abaco Creeks - Cherokee 0.01 0.00
Acklins Southeast Bahamas MMA 0.00 0.09
Bight of Acklins NP 0.01 0.06
Hogsty Reef Protected Area 0.00 0.01
Andros Westside NP 0.69 0.53
Joulter Cays NP 0.02 0.04
Southern MP 0.00 0.02
Caysal Cay Sal MMA NA 1.00
Exuma Exuma Cays Land & Sea Park 0.05 0.18
Jewfish Cay MR 0.09 0.04
Moriah Harbour Cay NP 0.02 0.03
Inagua Little Inagua NP 0.17 0.05
New Providence Southwest New Providence MMA 0.00 0.10
Green Cay MP 0.00 0.02
Bonefish Pond NP 0.16 0.01
Northern Bahama Bank South Berry Islands MR 0.16 0.15
San Salvador Graham's Harbour 0.00 0.17
West Coast Dive Site 0.05 0.15
Conception Island NP 0.00 0.10
Pigeon Creek & Snow Bay NP 0.73 0.09
Greens Bay NP 0.00 0.02
Western Little Bahama Bank Northshore / The Gap NP 0.47 0.44
East Grand Bahama NP 0.17 0.10

Figure4. Contribution of each MPA's mangrove and seagrass t@staedregion's total lobster nursery habitatFor example,
Marls of Abaco National Papeotects 54% and 21% of Abaco's mangrove and seagrass nursery habitats, respectively.
NP=National Park, MR = MariReserve, MMA = Marine Managédea
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Annual contribution of nursery habitat ~ Annual contribution of nursery habitat

in MPAs to lobster catch in MPAs to lobster revenue
Bank region (millions of pounds) ($ millions)
Abaco 1.13 4.42
Acklins 0.10 0.37
Andros 0.58 2.28
Cay Sal 0.21 0.84
Eleuthera 0.22 0.87
Exuma 0.23 0.90
Inagua 0.03 0.10
Long Island 0.06 0.25
New Providence 0.22 0.86
Northern Bahama Bank 0.22 0.87
San Salvador 0.10 0.38
Southern Great Bahama Bank 0.96 3.77
Western Bahama Bank 0.43 1.68
Western Little Bahama Bank 1.52 5.93
totals 6.01 23.52

Figure5. Annual contribution ofursery habitats withilfMPAsto total lobster harvest and revenue, isyandregion Regions
are defined by contiguous shelf divided by areas of deep water.

Tourism and recreation

Approach

To quantify thevalue 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 estimategedi from the density of

geotagged photographs posted publicly to the website Flickr, which has over 300 million public
geotagged photossww.flickr.con) 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. 2016

Since Flickr users are not necesyaelpresentative 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 Bal@nrasimilarsites in the
region. We did this by comparing phebased visitation rates to survéyased 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 unita the Caribbean The Ministry of Tourismeports total visitornights 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 isdni® period. We found a significant
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positive correlation between theurveybased and photograpbased measures of visitatioRigure6).

Both the isand-scale comparison and the paskale 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 relationshigorfithe islands of The Bahamas to translate
photo-userdays to real visitodays. The photaiserday metric is the number of occurrences, over a
period of time and within a geographic boundary, of a unique photographer on a unique day.
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Figure6. Comparisons show good agreement between pioateed 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 averagehoto-userdays 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 staridi (Ministry of Tourism

2008). These islandvide estimates of daily expendituraay differ fromdaily expenditure to for MPA
visitation because MPAs may be harder to reach or involve more expensive activities. For example, the
average daily expenditaerfor Exuma is $285 whereas Hargreas#ien (2011) have estimated average
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daily expenditure for visitors to ECLSP closer to $#&@rage daily expenditures vary by island and also
by whether a visitor is a stopover or cruise arrival. We determineddhbt three MPAs can reasonably
be visited by cruise passengers during a-ttgyexcursion. Since the phofoased visitation estimates
include stopover and cruise visitors, we estimate the proportion of visitors that may be cruise
passengers usingthe M&nii NB 2 F ¢ 2dzZNAayYQa dal NNAGEE Y2RS¢ RIGEaACS
port of entry in the country, and reports the number of cruise arrivals
(http://mww.tourismtoday.com/services/statistigs 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 vis#ors to
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 itselit the same time, our method also does
not capture the total willingness to pay for a sitssitt which would be expected to be higher than

actual measured expendituresor the fact that many marine protected areas are remote and may
require aboveaverage expenses to visit sites within them.

Results

Across the entire MPA network, we estimateamual average of 383,000 visitdays, with $67.6

million in tourist expenditureassociated with visitk these areasSWMMA is the most highly visited

area in the current MPA network, due to its proximity to Nassau and easy access to its watersire CLSP
contrast, is the second mosisited area, despite it being much less accessHitpu(e7). Photebased
visitation estimates are dependent on the size of thecplaeing 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 \Bitpree8). 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 \daigsrEigure9). 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 pgnditures is attributable to cruise passengers, the vast majority of
which is spent on diving or snorkeling in SWMMA.
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Figure7. Estimated annual visitetays for each marine protected are¥isitors are split into two pools, cruise arrivals (in gray)
and stopover visitors (in white).
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Figure8. Density of visitors to each marine protected area
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Figure9. Annual expenditure from recreatiamd tourism to each marine protected areBxpenditures are split into two types,
those from cruise arrivals (in gray) and those from stopover visitors (in white). Average daily expenditures vary mdiskand a

visitor type.
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Coastal protectioprovided 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 indebased approach, combined with maps of population data and annual incaime
indexbased approach computes the relative vulnerability of shoreline to coastal hazards based on
spatially explicit characteristics of the coastline including presence ofatsélevation and

bathymetry, wind and wave direction and velocity, shoreline geomorphology, and surge pofeedal
appendix C for additional details about these spatial data $&t&ema et al. 2013, Langridge et al.

2014). The hazard indextygically coupled with social and economic data on people, propartgt
infrastructure (depending on data availability) to highlight where human settlements and critical
infrastructure are most vulnerable to storm waves and surge.

We applied this indekased approach to measeiand map the role of habitatsyithin 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 inteexargf250m along the
coast, based on the geospatial data listed abowée then identified shoreline areas where coastal
habitatst corals, coastal forests (mangroves, pine, or coppice), and seagrags\withisn MPAS

reduced exposure along the shorelineptwlling 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 otthe shorelinecurrently protected by habitats within MPA boundariesnnud income
figures collected through the census provide a level of spatialldataconomic risk that was not
available through the more conventionally reported metric of exposeperty value. In the absence of
adequate data on property value, researchdrave used productivity Bad metrics like income and per
capita GDP to estimate exposure in monetary units (Dasgupta et al., iKel et al., 2014). There has
been limited research converting between exposure in terms of income to exposunaria tedurable
asset value as this will likely vary as a function of many fadtorgever, Nicholls et al. (2008)
demonstratean empirical relationship wherasset value in coastal citiesroughly 5 times greater than
per capita incomeindicating our monety estimates are likely the lower bound

Results

Habitats within the current MPA network serve to protect approximately 39,000 people and $806
million in annual income of those people livingan coastlines in The Baham@sble 1) The majority of
thisdemand for coastal protection comes from New Providence, the most densely populated island,
where 9% of the coastal population lives in areas partially protected by corals in the newly designated
Southwest New Providence Marine Managed Ai®&/MMA)r mangoves and coastal forests of
Bonefish Pond National Park. Other less populdtuhdsalso receive important benefits of coastal
protection, such as San Salvador and the Berry Islands, where fullyatfrend onethird of their
populations, respectiveljgenefit fromthe value of healthy, functional, coastal ecosystems within
protected areas on those islands.
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Tablel. Economic and social value of habitats within MPAs for providing protection from coastal hazdr@dssorms and
sealevel rise NP=National Park, MR= Marine Reserve, MMA=Marine Managed Areas
Island group Current MPAs Reduction in exposure Reduction in exposure
($ millions annual income) (# of people)
Abaco NP — Black Sound Cay NP— No Name Cay MR —
Fowl Cays NP - Tilloo Cay Reserve — Pelican Cays
Land And Sea Park — Cross Harbour NP — Marls of
Abaco Abaco NP — East Abaco Creeks (The Bight) — East $32.32 3,630

Abaco Creeks (Snake Cays) — East Abaco Creeks
(Cherokee) — South Abaco Blue Holes NP

Acklins/Crooked Bight of Acklins NP $0.00 0
Northern Marine Park — Southern Marine Park —
Andros Westside NP — Joulter Cays NP $6.40 782

Berry Islands South Berry Islands MR $1.92 238

Exuma CaysLand & Sea Park — Exuma (Jewfish Cay)

Exuma MR — Moriah Harbour Cay NP $15.89 1482
Grand Bahama Moo e e o e NP~ $16.63 1,027
Inagua Union Creek Reserve — Little Inagua NP $0.00 0

New Providence Bonefish Pond NP — Southwest New Providence MMA $717.53 30,416

West Coast Dive Site — Greens Bay NP— Graham's

San Salvador Harbour —Pigeon Creek & Snow Bay NP $15.76 1,403

totals $806.45 38,978

Carbon storage

Approach

We measured thelimate change mitigatiomalue of carbon storage of ecosystems within MPAs using

the INVEST Blue Carbon model (Shamd 2017). This model measures the total carbon stock of an area
given the presence of carbestoring plantdmangrove and seagrass in tbaseof The Bahamasand

the amount of carbon stored in aboveground, belgreund(i.e. soils)and litter pools, foeach 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 orthese carbon pool parameters, and geospatial data representing seagrass and mangrove
distributionsin The Bahamasve quantified the total carbon stored in each of the current marine
protected areas We estimated aboveground mangrove biomass based omglibleal predictivenodel
proposed by Hutclsion 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 belgi@und biomass (litchison et al. 2013). National

variation in climatic variations meant that estimated biomass varied from-28D.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 pacfffourquren 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 2017Additional local studiesuch aBaretto et al(2015) will help to refine
mangrove and seagsa carbon value®r The Bahamas

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

2F OFNb2yszX ol aSR 2y (K 23018sofial SostlofgrBefildase gagedl(|WGy2a@16)D N2 dzLJ
We use thesocial cost of carbon because marketsed price are set by supply and demand and

carbonmarkets are generally more relevant when considering retomfinvestment. In addition, there

are no carbormarkets within The Bahamas, making a market price fercbuntry 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 saial 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 roillimetric tons of carbon are stored, at a value of over $5
billion in avoideddamages fronemissiongylobally(Figurel0, Figurell, Figurel2). AndrosWestSde

National Park, which covers most of the westerrdfltd Andros island, and i&ch in mangrove forests,

stores thevast majority of the carbon in the entire protected area netwatkhe greatest social vadu
(Figurel0, Figurel?2). Becausehe total carbon storage is highly dependent on size of the MP/Aslsee
scalal carbon sbrage by area. This revealdtk per unit areavalue of relatively small protéed areas, if

they have densenangrove and seagrass resources, such as Tilloo Cay Reserve, a very small protected
area off the eastern coast of Abaffigue 11)
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FigurelO. Total avoidedcarbonemissions for each marine protected area.
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Figurell. Garbon stock density (i.e. scaleddnga) foreach marine protected area.
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Figurel2. Avoided damages @hrbon storage for climate mitigation for each marine protected area.

5. Islandscale valuation of ecosystem services to inform future

management

The MPAs in the current network differ in economic value obgstem 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 inflance of current and future management of nearshore activities on economic

values of ecosystem services for five different islameggesenting different stages of management
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Exuma

Aerial view of Exuma Cays Land and Sea Park (photo from ExumaParkdocgyal within the park (photo from The Nature
Conservancy)

Introductionand overview of past work

Exuma Cays Land and Sea PafK_SP¢stablishedn 1958, is the oldestxistingNational Park in The

Bahamas and the oldest rtake fishing area in the Caribbean regidhcovers450 knt at the north end

of the Exuma Cay§&igurel3). The park @nique habitatsand species (including the endangered

Bahamian iguanaprotected status, and mooring system draisitors from around the world who

come to enjoy the natural beauty, snorkel, dive, and otherwise explore this special area. Becaegse of th
FNBlFQa KA&al2NEB YR FOGGNROdziSaY Al KIFIa 0SSy (KS adz
studies. We briefly describe some of this past work before exploring the spatial vaiiradonsystem

serviceswithin the park.

0 3715 75 15 Kiometers

@ Mangrove Seagrass Coral Reef

Figurel3. ExumaCayd.and and Sea Park.

Past studies demonstrate the ecological benefitE GLSRr natural habitats and fisheries. Within
ECLSP, corals recover frdisturbancefasterand conchgrouper, and lobstetbiomass and productityi
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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 idar@10).

Adult gueenconch biomass has been found to & muchas 15 times greatanside ECLSP than
surrounding areas anihis resulted in larval densities an order of magnitude greater within the park

than outside it(Stoner and Ray 1996} urther, conch within the park requilewer adult densitiegor
matingthan 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 outsidé and this effect exéndsupwards of five kilometers beyond the park

boundary (Sluka et al. 199ighlighting an important spiliver effect in which the ndake MPA is

benefiting fishing in surrounding areashough harder to document across fisheries, the success of
ECLSERt 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)}or acomprehensive review ohe ecological benefits of the parkgplse refer to

Sobel and Bhigren 2004.

al yI 3SYSyid NBYlFIAya 2yS 2F (G4KS 1S& &a20AlLf A&aadzsSa |
Bahamas identified ECL&Pone of the most vulnerabtiue to limited enfocement paired wittthreats

from climate change and tourisfiargreavesillen andPendleton 2010). For a full discussion of these
management challenge#cluding costs and benefits associated with alternative strateglease see
Hargreavesillen(2012).

Previous worklas also documented the extensive economic value of ECL&$hésres second home
owner developmentand tourism among othergHargreavesillen and Pendleton 2010}t is estimated
GKIFG 9/ [{t a3ISySNI SR rabthecoriomi i@y ALY HRANEEO OF aF yBRS tYES
supporting110 jobs (Hargreaveallen and Pendleton 2010%pillover from the park of conch and
grouper contribute to subsistence and commercial fisheries outside the padon8 home owners
within the park payan estimated $14 million in property tax. For tourighere have been roughly
40,000 stopover visitors to Exumannually between 2005 and 200¥ isitors to Exuma include boaters,
daytrippers, divers staying locally, and laboard divers and these twists spent nearly $2,500 per trip
to Exuma in 2010 (HargreasrAllen and Pendleton 2010)n-depth studies specific to Exuma have
explored avenues to promote and maintain sustainable tourism (Total Tourism Solutions E01.4).

full discussion of theconomic benefits of ECLSP, please see Hargrédlessand Pendleton (2010).

Spatal variationof ecosystem services within ECLSP

Spatialy explicitvaluation oftourism, lobster, coastal protection, and climate mitigatfonther
strengthenthedzy RSNE G | Y RA Y 3 2 TFEQSRcéiviesha eghaied 23 D btgfoDed
visitor-days, with an estimated expenditure of $6.6 million annuallhisis within the range estimated
by Hargreaveg\llen and Pendleton (2010) who conservatively estedahat 18,346 tourists visit the
park annually: 9,986 dayip visitors from hotels (out of 15,914 nearby overnight stays), 2,360 diver
days, and 6,000 boaters annuallyisitation across the island chain is concentraite@nd aroundhe
park and at thesouthern extent, demonstrating the dual foraesatural resources and infrastructure
that draw in tourists Figurel4).

With 1.4km? of mangrove an@8.6km?of seagrass in shallow, nearshore areas suitable for juvenile
lobster Figureld), 240,341 Ibsof lobster annually, worth just under $1 nuli in export valueare
attributable to nursery habitat within the parkThis nursery habitat area supports adult lobsteyond
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the notake area of ECLSP, for examplethe Exuma Bank, as well as fisheries on adjacent banks
connected by shallowhelves.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 estimatingell of spny lobster in economic

terms for EELSP does not currently exist.

While coral, seagrass, and mangrove protect much of the Exuma Cays coastline, the limited population
and undisclosed property valueseans thatwe cannot effectively placermonetaryvalueon this

protective servicgthough the overall high value of property within the park suggests the protective role
of habitats would be especially valuable ther¢Jowever, these same ecosystepnovide essential
protection to people along the southern text of the CaysKigurel4). Finally, extensive seagrass and
mangrove habitats throughout the parkigurel3) store over 10.7 million tons of carbon,

representative of avoided damagé&sm emission®f over $134.18 millioglobally(Figurel4). 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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Figurel4. Ecosystem services arouBduma Cays Land and Sea Park: visitor density, carbon stored by coastal habitats, and the
role of habitat in protecting shorelines.
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Exploring Bernativedevelopmenttrategiesor Androsand their influence on the
AaflyRQa at! a

Beach and small boat ohndros (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 ki 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
0SRasx alyR FflLGax FyR I 02y OSyi{iN}GiSR aeadsSy 27F of
fishing industries, naturdased tourism activities, agtitture, 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 ggoas to come.As

part ofthe larger National Development Planning process, Vision 2040, Androsians outlined alternative
GraA2Yy A F2N) GKS FdzidzNBEzX aaOSyFNR2&dE3X gAGKAY @KAOK
protected areas and national parks. Andros has fosigieated protected areas (i.AndrosWestSde

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

benditing from future protection (i.ethe barrier reef along theast coast of the islandkigurel5).
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Figurelb. Existing protected areas arouAddros. 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 And?dsM

1 Business as Usuakpresents 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 policiesr@nagement plans are
implemented, and enforcement of existing policies remains limited.

1 Conservationgives priority to ecosystem health and protection of habitats and species rather
than economic development. Coastal development is limited to the agistiotprint. 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 boundasfesndrosWestSde National Park are enforced
no-take areas.
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1 Sustainable Prosperitplends human development and conservation goals by investing in
critical infrastructure and education to achieve a natbsed economy that can be sustained
over time. Examples of activities include daily ferries from Nassau, small arsizaitl
Bahamian owned businesses (e.g., hotels, processing factories for local goods), community
agriculture, and mangrove restoration (as both a natural means of shoreline prateiobion
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 closuresiaadimits are enforced effectively.

1 Intensive Developmengives 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, tge, 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.

1 Restordion: mirrorsthe current scenari@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.

Workingwith these stakeholdedesigned 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, natub@sed tourism, protection froratorms and erosion, and

climate mitigation through carbon storag@.o understand spatial variation and future change in the
distribution of benefits from ecosystemwe used a suite of models in the INVEST software package
(Sharp et al2017). As desched abovgSection 3, pag#?2) 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. 201R)VEST also contains a risk assessment framework for
identifying whee 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 scenarienvisioned during the Vision 2040 National Development Planning progess

assessad 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 umdternative 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 areasinvasive species, and séevel 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 defineddoh scenario. We selected habitats
based on those most important to stakeheld and those which underpiralued ecosystem services.

For example, seagrass and mangrove were included, in part, because they provide nursery habitat for
lobster and their abudance affect harvestable adult lobster. We also assessed cumulative risk to
beaches and coral reef part, because of their importance for tourism and coastal protection

We assessed where habitats are at the greatest risk of degradation from thdative 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 anéWin 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 managemeng¢gieatmitigate
impact. Consequence is a function of the habgipécific 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 rigsike of habitats based on ecological life history characteristics
(e.g., mortality, recruitment, connectivity). For each stredsabitat combination, we used criteria
scores for exposure and consequence that were informed by primary literature andiusttiocal

experts during the Sustainable Development Plan for Andros process. Cumulative risk is the spatially
explicit sum of individual risk score¥/e used maps of high, medium, and low risk to estimate the area
of functional habitat capable of praling ecosystem services. In high and medium areas, we assumed
that 0% and 50%, respectively, of the existing habitat was capable of providing servicestigk low
areas, we considered all habitat to be functional (following Arkema et al. 2015).

We used results dhe cumulative risk assessmeotmodel 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 aequestration provided by seagrass and
mangroves within the MPAs. We also quantified potential changes in tourism and coastal protection
valuesto the subregions of Andros.

Table2: Human activities and drivers of chandelial 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 Private, residential, gnd commergial deyelopment including
(TNC)stakeholders roads, lodges, airports, factories, airports and more
Dredging and  Digitized aerial imagery On land and in the ocean for quarry, sand, aragonite and otf
mining stakeholders minerals; in the ocean to maintain transportation pathways

TNC, Andros Island

Nature-based . Areas identified during the stakeholder engagemeimsluding
tourism Conservation areas for divebonefishing, bird watching, kayaking etc
AssessmentBNT g 9, kay g ete.
Transportation . .
Marine Automatic . . . .
of goods and e Ferries, mail boats, and cargo ships. Personal transportation
eople by IdentificationSystem fishing vessels are not included
P (AIS), Stakeholders '
water
Fishing Area of Interest Fishing fotobster, conch, scalefisnd sponge.
Forestr Department of Forestr Includesconservation fores, forest reservegfor timber use)
y P y and protected forest(that can be converted for development)
Digitized Aerial Imagen .
Agriculture (TNC), Department of Largescale (e.g. for BAMSI and otherwise zoned) and sma
scale.
Forestry
. Andros Island Invasive species locatiofisr melaleucaleucaenaand
Invasive . . .
i Conservation casuarinabuffered by 750m where density was reported as
Species N
Assessment spasse or denseLionfishare representedacross the coral reef..

Not included in the current scenarRepresents 2m of sdavel

rise. Digitized from Allen and Holding 2015.
Protected TNC. BNT Protected areas as defined bii@Bahamas National Trust
Areas ' (BNT)on land and in the ocean

Sealevelrise  Allen and Holding 2015
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Current Conservation Sustainable Prosperity Intensive Development
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B Movement of goods & BB Forestry Invasive species
people by water Sea level rise

Figurel6. Human activities on and around Andros, now aender three future scenariosThe restoration and business as
usual scenarios are not shown; they assume current activities endure, but under the restoration sceabviithaoAndros
North and South Marine Park are fully restorBisk to habitats within protected areas

Within protected areas, relatively small areas of mangrove, beach, seagrass, and coral are presently at
high risk of degradation. WithitindrosWestSde 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 aresk. high ri
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 rigkb% of mangroves and 95% of beaches are at moderate #gkps of

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

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

result in the moderate risk evident across much of the seagrass Bigarél7).

Mangrove Beach Seagrass Coral

A A Current A

B Low Risk Moderate Risk (@ High Risk
Figurel7. Cumulative habitat risk to mangrove, beaches, seagrass, and coral on and around Andros.
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Risk to habitats differs between alternative management saesarRisk to mangroves in all protected
areas remains comparable between scenarios except in the Intensive Development scenario, where an
additional 185%m?, 30km? are at high risk il\ndrosWestSde National Park and Joulter Cays National
Park, respecdtely. No additional mangrove is at high risk in Andi@rth and South Marine Park,
respectively (relative to Business as Usuadcause there is little mangrove within these parks arfgl it

at high risk under business as usual and at moderate risther 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 baween 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 tlemdive 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 arghatibk in all scenarios excepe 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 develdgoast Figurel8, Figurel9).

These variations in risk across protected ar@ad 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 refiecproved 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 functionallyof@as)
structure, diversity) and reducing the stress of human activities. Interdgtitng removal of fishing

pressure to Yy R NNBréh @&nd South Marine Park and Wékle National Park in the Conservation
Scenario does not markedly reduce risk to ¢osaagrass, 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 stressors
e.g. invasive species, tourism, and marine transportatioantinue to adversely affect thedebitats.

In effect, ensuring low risk to these habitats requires integrated management across sectors.
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Figurel8. Risk to mangrove, beaches, seagrass, and coral on Andros under Conservation, Restoration, Sustainable
Developnent, and Intensive Development scenarios.
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Figurel9. Density of functional habitat within each MPA across multiple scenarios.

Change in services
These future scenarios include a wide variation in habitat quality and functliichwneans 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 Ibs. to natidoabktercatch, amounting to nearl$14.5
million in export value. Currently, nursery habitatindrosWestSde National Park provides the

greatest contributon to catch (3.7 million Ibsand export value, $13.3 milliannually compared to

other protected areas, largely due to its sead extensive mangrove and seagrass habitat. The Barrier
Reef area has nursery habitat contributing $1.6 million towards export \eioeally Joulter National

Park andAndrosNorth and Sath Marine Parks contribute smallamountsto 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 toStled¥lationalPark

would increase to $2million annually the result of improved management of nursery habitat,
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especially improved fishing practice®ithout resources and management, the unregulated coastal
development and destructive fishing practices modeled in the Intensive Development scepatib
plummet lobster catch to less thdralf of the value expected under other management scenarios,
demonstrating the potential negative consequences of uncheckecusaally and over the lontggrm.

Cliftaiit c . Sustainable Intensive
OiEENALRY Prosperity Development

0 lbs Catch 3.5mil Ibs

0 Export Value $15 mil

Export Value (Millions)

15
10
| I

Westside NP Joulter Cays NP Marine Park (North) Marine Park (South) Barrier Reef

Current W Conservation B Sustainable Prosperity M Intensive Development

Figure20. Lobster catctand export value attributable to nursery habitatder alternativemanagement strategies on Andros:
current, conservation, sustainable prosperity, and intensive development.

Tourismand recreation
Variation in predicted rates of visitation and expenditsifeom tourism reflects the influence of habitat

qualityt including within the protected areas, accessibility, and infrastructure across the island, and how
these factors change across scenarios. Relative to Business as Usual, the Sustainable Prospsddty sce
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 NorttldAus, this amounts to additional 44,740 visior

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 visitarghts, 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 amenitiethat 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 habitatygaalit 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 touristrequire. 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 exaitiple

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.

SUSTAINABLE  INTENSIVE
CURRENT CONSERVATION  PROSPERITY DEVELOPMENT

g o | .~ '--\
TOURISM Dk
Low High ;';:;' C iy Ny opEN fp i f’kﬂ‘,,
— 3\ 5%, ; 3 :v :’
:‘l,‘}5 . ‘5
"y R R w7
Visitor-nights (# K) 310 &f & 375 & ) 470 4 L 410 4 ﬂ
Visitor expenditure (Us$ M) 110 14 ﬂ ) L7/ s RS
Tourism staff and guides 430 520 650 520
Visitor Expenditure (S millions annually)
80
40 III III
North Andros Central Andros Mangrove Cay South Andros
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Figure21l. Vistor nights and expenditurender 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 andealevel 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
Aafl YREAQ LJ2 LIztThedokatiofi of Ineafy allAyidiod Notldryg the coast suggest they

also benefit from this protective servic@he existing mtected areas on Andros are not currently

located toeffectively protect coastal communities from storms, but this could change if the Barrier Reef
region beame a Natinal Park, akabitats 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 lengtbhafreline, people, and income
protected. While we were not able explicitly incorporate the effects of storms onleeel rise on the
freshwater lens on Andros, losses in functional habitat modeled under future scenarios may also
adversely affect the frghwater 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 atiigg 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 redddy roughly 6% compared to Business as Usul

would similarly protect roughlizalf the population and income. Because the coastal population is
expected to increase more under the Sustainable Prosperity scenario than the Conservation scenario,
coastal habitts protect 8% more people ar&250,000 more in income aer the Sustainakl Prosperity
scenario than the Conservation scenario.

SUSTAINABLE INTENSIVE
CURRENT CONSERVATION  PROSPERITY  DEVELOPMENT

'.“.'. O i?.'. £ Z.
‘ - - ‘ -
COASTAL I Y § X
PROTECTION 7Y L =) £
Low High
.

L 4 %
-

Protected Shore (km) 95 ! 90 &’ % 85 60
People protected (%) 51 | F< 49 k a8 T 26
Income protected (%) 50 48 47 25

Protected Income (S millions annually)

North Central Mangrove South

[y

0

m Current M Conservation M Sustainable Prosperity M Intensive Development

Figure22. Shoreline, people, and income protected under alternative management scenarios on Andros.
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Carbon storage

Andros West ifle National Park contributes the greateshount of carbon storage, now and under all
future management scenarios. Avoided damages attributable to WestNational Park amount to
approximately $6 billioglobally The density of carbon storage is also the greatest within \Hest

92,486 tonger kn?, reflecting the abundance of seagrass and mangrove throughout much of the park.
The Barrier Reef area stores 19.12 million metric whsarbon, worth $240.5 million in avoided
damages globallyand has substantially lower stock density (8,87 tonsper km?) than WestSde.
Joulter Cays National Park, Marine Park North, and Marine Park South are similarly dense in their carbon
storage, each storing 220 metric tongoerkn?. Across the 2year horizon presented in the
management scenarigshe Conservation and Sustainable Prosperity scenarios perform similarly,
increasing carbon storage by 3%AndrosWestSde National Park and-91% in Barrier Reef area. The
loss of habitat uder the Intensive Developmentesnario also means a lossazrbon storage,

amounting to $550 million in damages frahe WestSde National Park alone. While the consequences
of carbon emissions are felt globally, the intensity of development and poor managénie

Intensive Developmentcenariowould not refect the global leadership towards climate mitigation that
The Bahamas and in the Caribbean countries have tdkgnre23).
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Figure23. 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 popudat 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 bystrigisend

airplane, drawwell over2.5 million tourists annually from around the worl@the islan@a O2 I Bd I f | NX
also home to the newly established Southwhilgw Providencéarine Managed Area (SWMMA) as

well as oldeBonefish Pond National Park (e2002 (Figure24). SWMMA is thamong thenewest of

Bahamas protected areasd, nestled along the northwest, and southcoass of New Providence, is

also one of the mosatirban. The area where the marine managed dsesited currently hosts a

multitude of uses: shipping and cruise visitors, tourists, coastal development, and local commercial and
subsistence fishinggmong other® Ly LXIFOSa 6KSNB RAGSNES | OGADAGA:!
dzy RSNARUGI YR 6KI 0Q&d 200dz2NNAYy3 FyR gKSNB Ay 2NRSNJ G2
impacts to natural systems, andigure that the benefits the arelaas historically provide(e.g. clean,

intact beaches and coral for recreation, and abundant fish stock for fisherman), continue into the future.
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Southwest New Providence

P

Marine Managed Area

Bonefish Pond

u-—)z

1
10 Kilometers

Esri, DeLorme, GEBCO, NOAA NGDC. and other contributors
B Mangrove Seagrass Coral Reef

Figure24. Southwest New Providence Managed Area (SWMMA) and Bonefish Pond.

To evaluate the overlap and efft of these human activities on protected areas in and around New
Providence and to illuminatetrade-offs andpotential management opportunitigswe mapped and
modeled the cumulative risk of human activities on habitats and the effect on tounigreery tabitat

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,
pagel?2) and below.Briefly, we use thélabitat Risk Assessment modielassess the cumulative risk to
habitats from a suite of human activitiesirrently occurring within SWMMAWe compare this currdn

risk scenario to a scenamA (1 K 2 dzi  NRaN[A I éddiiah N nyodel a restoration scenario
where, across roughly 10 khidentified by local expert Craig Dahégr; coral reefg60% of which are in
SWMMA)arerestored tofully intact andfunctional habitatgi.e. ideal levels of biodiversitgensity,

structure, area, etc.; Figure 27Yhough this would be challenging to accomplish, we use this scenario to
demonstrate the potential gains from restoratioRisks to habitat$n eachscenaria currentriskand
restoratiort are 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 asessment

We assessethe cumulatve risk tohabitats fromseven human activitieso-occurring within SWMMA
usinga risk assessment approach (Arkema et al. 2014) a8¥esed where habitats are at the greatest
risk of degradation fronthe cumulative effect®f human activities.

Risk isa function of the exposure of each habitat to each activity and the habjiatific 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). Exposurexdp 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 habitatspecific 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 lifetdny characteristics (e.g., mortality, recruitment,
connectivity). For each stressbabitat combination, we used criteria scores for exposure and
consequence that were informed by primary literature and vetted by local experts during the
Sustainable Dalopment Plan for Andros process. Cumulative risk is the spatially explicit sum of
individual risk scores.

Human &tivities

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 arthsuaring, marine transportation, dieakage around Clifton Pier, and tourism.

We selected these categories of human dtit'g¢ based on data availabéad conversations with
stakeholders and core partners. We attempted to capture those activities most important to Bahamians
as well as thse 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 aienadjery and included roads, buildings,
hardscaping, docks, and jettidsiqure25a). We assumed that the impact of development (e.g. through
sediment, pollution, ¥k R dz& S OKIFy3aS0 3z 2NJ G4§KS Wi 2y Skmarkthaty Tt dzSy O
these impacts linearly decay within the zone of influe(&ikema et al. 2014) Dredging was also

digitized from aerial imagery{gure25a); we assumed a km zone éinfluence 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 exteniWe 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 darkgoagle imagery. Oil has

also been regularly reported and documented at least as far awtyeasest point ofClifton Heritage

Park so we applied a zone of influence ofkinbto capture this areaThis linearly decaying zone of
influencealigns with reports from BREEF documenting the presence of oil at the Coral Reef Sculpture
Garden at 85% of sampled day3here have also been reports ofoasional oil orfurther west than

Clifton Heritage Park and to the east Goulding CayAlbany Marina,Adelaide and South Beach

indicating our approximation is likely an undstimate Eigure25b).

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 marnmegament 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 sandgeeArkema2014 Sl).To map the extent of tourism we used the documented locations
of travelers by Flickr to 50 hexagonal grigtells and assumed a zone of influence of @bFFigure

25c). Lionfish, which compete with native grouper and are associated with increased coral macroalgal
cover, areabundant throughout New Providence corals (Johnson ettdl5Pand we mapped their
locationas the full extent of coralssavellasthe adjacent 500n. To map the extent d@asuarina

which competes with native vegetation and whose shallow root system increases emsiosed
0dzZFFSNBR LRAYG RFEGEF o0TpnYo ONXBtalisBvey wibrK ofBndesivE ¢ K S
speces Figure25d). We applied a 25@ zone of influence for both lionfish af@hsuarina.

Marine activities included fishing and marine transportation. We mapped fishing pressure as the area
on and aroud (500m) coral reés based on past studieBl&rborne 2017and consultation with local

experts that suggested relatively high fishing intensity in and around the coral reefs around New
ProvidenceFigure25e). For marine transportation, we focused our efforts on larger vessels and used
data from the vessel automatic identification system (AlS) to map the relative intensity of vessels within
1 km grid cells (the resolion of the data) Figure25f).

A) Development and dredging B) Oil leakage and zone of influence

A A
C) Tourism C) Lionfish an@asuarina
o
S AR * oy 2
x, y s
Nt oy e
)
F A _ A
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Figure25. Human activities on and around New Providen&®r 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 aro@WMMAputs much of the region at high
riskof 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, dré&dlgime26a). Risk

to seagrass is similarly driven by the overlap of moderdtefpactful human activitiedhigh risk occurs
where high impact dredging and oil ocq&igure26b). Corals are at high risk of degradation near
development, the oil leak, and areas where tourism occurs along the coastline shared with SWMMA.
The restoration scenario adds 6.35 %af low risk coral, 20% of thetal coral within SWMMARigure

27). Pressure from fishing and lionfish threaten cerahd result in moderate risk deégradation even
where higher impact activigs do not occurKigure26c). For terrestrial habitatsmangrove, coppice,

and ping risk corresponds to areas of development and, where applicable, inv@asearingFigure
25d-f). Across habitats, areas of low risk are rare and occunvamye human activities do not.

w7 w7 w7
A) Beach D B) Coral reef P - C) Seagras: P
e N . £
= _ L li — d e
..‘;__f:;_‘_ ) . *.,.
A A n "
- < hein -
F)Pine

48















































































































