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ExewtiveSummary

Mangrove ecosystems protect Bahamian communities fronHurricane damage,coastal
erosion and rising sea levels. They provide habitat for wildlife and the fisheries that feed
and employ Bahamiars. Underlying the health of mangrovehabitats are a network of
tidal creeks that flush clean water, sediment, and nutrients through the ecosystem, and
create corridors for wildlife to move in and out oimportant breeding and feeding areas

Across The Bahamas,more than 100tidal waterways have been blocked by roads and
other infrastructure. These blockages have disrupted tidal hydrology andragmented
mangrove ecosystems. Restoring creeks by removing blockages to increasavater flow
and connectivity can be apowerful way of improving the health of mangroves and
enhancingthe ecosystem services they providen TheBahamas.

In this project we comprehensively majped the location and severity of mangrove creek
blockages across New Providence, Eleutheraand Andros Islands. We undertook
extensivefield assessments andcommunity engagement tounderstand the ecological
and social impacts of blocked creeks. We then prioritized creeks for restorationbased
on the potential for unblocking to enhance biodiversity and fisheries habitat, reduce
storm surge flood risk, andaccording to the social and cultural value of each creek
systemto local communities.

We identified 65 blockages in40 waterways across the three islands affecting around
40% of assessed creek areaMany blocked creeksare on coastlines that are highly
exposed to storm surge flooding, and some flood proneareas T particularly on New
ProvidenceT are in densely populated communities. Water quality, fish abundance and
biodiversity were usually much loweron the upstream side of blockages suggesting
substantial ecological fragmentation.

Local communities expressed strong appreciation for mangroves andoften had deep
connections to mangrove ecosystems as personal and cultural landmarksThere was
wide support among community membersfor restoring creeks,and peopleemphasized
how increasing creek flow could reduce stagnant water, improve fish nursery habitat,
and lessenflood risk in residential areas.

There is a significant opportunity for a coordinated restoratioprogram to improve the
health of mangrove ecosystems and enhance their capacity to provide flood protection,
food security, and livelihoods to the Bahamian people. Our simple, sciencbased
framework provides a starting point for decisioamakers to assessand prioritize the
benefits of restoration actions for people and nature.
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The Importance of Mangrove Ecosystems in The
Bahamas

Mangrove ecosystems are among the most vital and productive habitats on Earfround
along coasts and within tidal estuaries, mangroves form dense forests uniquely adapted
to life at the interface between land and sealn The Bahamaspver 90% of theU¢ q RY Uk t LU
landmass consists of lowlying islands and cays,where mangrovesplay critical roles
supporting ecological, economic, and community resilience (Sealey, 2004)n a nation
that regularly faces dangerous tropical storms, mangroves act as a natural defens
system, reducing the intensity of flooding and protecting coastal infrastructure and
human lives (UNEP, 2014)The dense root systems of mangroves stabilize shorelines by
reducing erosion and buffering the impact of waves, storm surges, and hurricanes
(Alongi, 2008).Intact mangroveshave been shown to contribute$13,500 to $40,000 per
hectare of avoided damagesduring storms (Narayanet al. 2016). Additionally, across
The Bahamas, many mangrove creeksinterconnected waterways that snake through
mangrove ecosystems T can provide a natural safe harbor for boats during storms, a
critical function for the thousands of Bahamiars who rely on boatsfor their livelihoods.
Economic valuation of tidal creeks and flats in The Bahamas show that the greatest value
(and variability in value) comes from their ability to protect coastling, which can provide
$150,000 to over $1.5 million/kni/year (reviewed in Arkema et al. 2017).

Mangroves are also critical to maintain water quality. Their roots trap sediments, heavy
metals, and other pollutants, filtering runoff before it reaches coral reefs and seagrass
beds. This helps maintain the clarity and quality of nearshore waters, whiak essential
for marine biodiversity and for sustaining fisheries and tourisy two cornerstones of the
Bahamian economy (Mumby et al. 2004). Mangroves in The Bahamas support
biodiversity by providing breeding, nursery, and feeding grounds for a wide variety
species from juvenile fish, crustaceans, mollusks, and birds. Economically important
commercial fishery species such as snapper, grouper, conch, and spiny lobstezach
depend on healthy mangrove ecosystems at some stage in their life cycles (Nagelkerken
et al. 2008). These species contribute significantly to food security and local livelihoods
across the country. Other fish species like bonefish, tarpon, and permit suppba thriving
recreational fishing and guiding industry. Combined, commercial and rereational
fishing are estimated to support over 26,000 jobs and provide $600 million/year to the
Bahamian economy(Bahamas Development Bank 2025).

Mangroves are also capable of storing large amounts of carbon in their biomass and soil
for tens to thousands of years (Chmura et al. 2003), playing a significant role in carbon
sequestration globally and locally. As an ecosystem service, carbon sequestrian is

estimated to be valued at $996 to $1,245 per hectare per year, based on global



assessments of carbon sequestration potential (Resilient Islands, 2019). This process
helps mitigate climate change by removing C®from the atmosphere (Donato et al.,
2011), helping to support global climate goals while also protecting The Bahamas from
the very climate impacts they help reduce.

In The Bahamas, economic valuations for tidal creeks (including tidal flats and estuaries)
ranged from $35,000 to $1.75 million kriffyear, depending on the study and location (e.g.,
Clavelle and Jylkka2013; HargreavesAllen, 2016; Micheletti et al. 2016). Estimates of
mangrove wetlands also range in value, from $850,000$1.2 million/km?/year with the
greatest estimated value from coastal protection(Arkema et al. 2017).

The Role of Mangrove Creeks

While the broader benefits of mangrogs are well known, a critical but under-
appreciated component ofthese ecosystemsare the waterways that provide mangroves

with hydrological connectivity to the open sea These h G ¢ UNI Y2 1JW HI It
interconnected tidal channels that snake through mangrovenhabitats and are essential

to maintaining ecosystem health and function (Sherman et al. 2001).

Mangrove creeks help transport nutrients throughout theecosystem. As tides move in
and out, they carry organic matter, plankton, and detritus that feed the many organisms
living within the mangroves. This nutrient cycling supports the high productivity of
mangrove ecosystems (Robertson & Alongi, 1992Mangrove creeksalso allow for the
natural exchange of saltwater and freshwater, which maintains the salinity balance
required for mangrove survival. Many mangrove species, such as red and black
mangroves, ae highly specialized and depend on this balance to thrive. Without the
regular tidal flushing that creeks provide, salt can build up in the soil, stressing or even
killing mangroves (Twilley et al. 1998).

Tidalcreeks also function as critical migration routes for aquatic life. Juvenile fish, crabs,
and shrimp use the creeks as pathways to move between the open ocean angstream
nursery grounds deep within the mangroveecosystem. This movement is vital for
maintaining the natural food weband supportinglocal fisheries production (Nagelkerken
et al. 2000).

However, mangrove creeks are sensitive to human disturbance. Dredging, pollution, and
poorly planned development can block or alter the natural flow of water through these
systems, causing parts of theecosystem to dry out or become overly saline. In recent
years, some areas in The Bahamas have experienced mangrove -oiis due to such
disruptions. Hurricane Dorian, for example, severely damaged mangrove systems on



Grand Bahama and Abacas it passed directly over the islands in 2019Recovery in
these areas depends largely on restoring creek connectivity and water flow (Pinder et al.
2020).

Conclusion

Mangroves in The Bahamas are more than just trees; they are dynamic ecosystems that
underpin the environmental health, economic weltbeing, and climate resilience of the
nation. The services they providg from coastal protection and fisheriesproduction to
carbon storage and water filtratiory are irreplaceable. Just as importantly, the network
of mangrove creeks that winds through theséhabitats is essential for their survival.
Protecting and restoring these tidal creeks is not just good conservatigit is anecessary
step toward ensuring that mangrove ecosystems continue to benefit future generations
of Bahamians. As climate change and development pressures intensify, the need to
understand, preserve, and invest in mangrove ecosystems has never been more eng.
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A comprehensive assessment of
the type and location of mangrove
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Introduction

The Bahamas possesses some of the most extensive mangrove ecosystems in the
insular Caribbean, covering ~2,477 kihor 612,000 acres (Dahlgren et al. 2022However,
many of these areas have been altered or fragmented. For example, a study of 30
mangrove creek systems on Androdsland showed two thirds with some degree of
fragmentation, with preliminary assessments showing similar patterns irother parts of
The Bahamas (Layman et al. 2004Dahlgren et al. 2022).

Restoration of mangrove creek hydrology by removing blockages to increase flow and
connectivity can be a highly effective methodto enhance the quantity, quality,
functionality, and ecosystem services offered by mangrovesAn important first step
towards restoring connectivity in these ecosystems is to comprehensively map the
location, type, severity, and characteristics of waterway blockages across the Bahamian
archipelago. This provides an important foundation to guide the field assessments and
stakeholder consultations that will underpin efforts to prioritize and implement a
restoration program across the nation.

Here, we employa desktop analysis using highresolution satellite imageryto identify
blocked tidal creeks in The Bahamas with a focus on New Providence, Eleutheend
Andros Islands. We couple this desktop assessment with drone mapping to create a
detailed record of each blockage, characterize waterway and vegetation featureand to
determine the type and severity of creek blockages. Combined desktop assessments
and field investigations of each creek created a foundation for the ecological
assessments and community meetings described in chapterst and 5 and for detailed
case studies to present options for restoration action(Appendix)

Methods

Identification of blocked waterways

We used high-resolution satellite imagery for Andros, Eleutherg and New Providence
Islands in The Bahamas to conduct alesktop analysis ofblocked mangrovecreeks. We
examined imagery for potential interruptions in natural water flow caused by mamade
structures. Only water bodies that had a current or historical connection to the ocean
were included in the assessmentand blockages identified in the assessment were later
verified via field observation.

Once identified, each blockage was assigned to its corresponding hydrological waterway
system or basin, delineated using satellite imagery acquired between 2024 and 2025
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from the ESRILiving Atlas, Earthstar Geographics, and Maxar, with a spatial resolution of
60 cm. In Andros, some creek systemse(g., Fresh, Deep, Little and Dotham Creeks)
were not fully delineated due to their extensive size and the diffuse, intricate nature of
many of their features, which made precise boundary mapping and area estimation
challenging.

Blockage type and severity

Where possible from the desktop analysis, we determined thetype of blockage
(causeway, culvert, bridge or unknown), and the degree oflbw restriction (no flow,
partial flow, periodic flow, full flow, or unknown). The type and degree of each blockage
was verified in the field using drone imagery or visual inspection and refined with updated
information when necessary.

Drone Mapping

Drone surveys of blocked creek systems identified from the desktop assessment were
undertaken between June 2024 and January 2025, at the same time as ecological field
assessments (see Chapter 4)The main purpose of the drone mapping was to capture a
digital replica of the area surrounding each blockage, creating a permanent record of the
blockage, its geometry, the waterwaysurrounding it, and the nearby vegetation,
including mangroves present on either side. Once processethto precisely geolocated
and scaled high-resolution maps and 3D models the droneimageryhelped to accurately
measure the physical characteristics of creek blockages: length, width, height, and
waterway and channel width.These data were used in calculating prioritization indices
for biodiversity and fisheries (Chapter 4) as well as in detailed case studies of selected
systems to describe potential restoration options (Appendix)A significant additional
benefit of the drone data is that ifuture restoration action is conducted, the aea can be
rephotographed using the same drone setup tocompare post-restoration to prior
conditions and to track changes to waterway dynamicswater clarity, and vegetation
growth and health.

Site-planned drone surveys were conducted using DJI Mavic 3 Multispectral (Mavic 3M)
drone, collecting imagery in the visual spectrum (RGB), as well as calibrated surface
reflectance measurements in four narrowband channels: green, red, red edge, and near
infrared. These four segments of the spectrum are particularly useful for the
characterization of vegetative health and the calculation of vegetation indices such as
NDVI, NDRE, MSAVI2 and others that are widely used as proxies for vegetation health,
canopy density, plant stress, and othemetrics. The drone also captures surveygrade
GNSS data alongside the imagery to aid in the creation of accurately scaled and located

Z
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photogrammetry products. These products, resulting from the photogrammetric

alignment of overlapping photographs, include 3D models, digital elevation maps, and
ortho-rectified (i.e. top-l Ys UAWt #c Ol Almt ¢ qPUG T RaqUIwW q! GIJLWGE
resolution RGB and 5.5cm/px multispectral when flown at the standard height of 120m

above ground level.

Drone mission planning was conducted using Ddintegrated software on the drone
remotes (DJI Pilot 2). Flight plans were designed to ensure consistent coverage and high
data quality. Parameters include: 1) Flight Altitude: Standardized at 120 meters above
ground level (AGL) for all sites to maintain consistent ground sampling distance (GSD).
Altitude was only reduced in designated areas near controlled airspace or airports for
safety and regulatory compliance.2) Image Overlap Minimum 75% frontlap and 65%
sidelap; 3) Camera Angle Nadir (90°) for all image acquisitionEach survey began with
sensor calibration usinga Micasense CRR2 reflectance panel and integrated irradiance
sensorin the M3M to ensure radiometric accuracy. Calibration images were taken before
and after each flight under similar lighting conditiongo those encountered during the
flight.

Post-flight data processing was conducted using Agisoft Metashape Professional, which
supports combined RGB/multispectral datasets and radiometric calibration workflows.
The following steps were followed for each mission

1. Image Alignment High-accuracy image alignment was performed using the
embedded GNSS tags from each image and structursFom-motion to generate a
tie-point cloud and camera positions. These were then optimized for model and
camera geometry to improve accuracy

2. Radiometric Calibration: Calibrated reflectance values were calculated using the
MicaSense reflectance panel and irradiance sensor metadata to ensure
consistent radiometry across flights and lighting conditions

3. Mesh Generation A 3D mesh (high or medium accuracy) was reconstructed from
the aligned imagery directly from depth maps to accurately model surface
geometry;

4. Digital Surface Model (DSM) GeneratianA Digital Surface Model (DSM) was
derived from the 3D mesh to provide togof-canopy height information that
supports topographic correction, ecological interpretation, and biomass
estimation;

5. Orthomosaic and Reflectance Map GenerationHigh-resolution georeferenced
orthomosaics were produced for RGB and surface reflectance calibrated
multispectral imagery independently at their respective native GSDs, and were
exported in GeoTIFF format for spatial analysis in GIS software

N O



6. Vegetation Index Calculation The Normalized Difference Vegetation Index (NDVI)
was computed using the standard formula ? é f WI We f A We WADA b Wo Wbl
maps were exported as an additional band for the multispectral orthomosaics to
support vegetation mapping

Results

Identification of blockd waterways

A total of 65waterway blockages wereidentified across Andros, Eleuthera, and New
Providence Islands (Fig. 2.1-2.3). Andros contained the highest number of recorded
blockages (29), followed by Eleuthera (22and New Providence (14)These blockages
were validated by visual assessments, drone flightsand community consultations.

Andros also had the greatest area upstream of blockages 861.52ha, representing 39 %
of the total assessed creek area (Tabl@.1). This is an underestimate as the size and
complexity of some major creek systems on Andros meant that they were excluded from
areal calculations. Eleuthera had a blocked area of 535.63 ha, representing 37% of total
creek area that we assessed on the land, while New Providence had 570.07 ha
upstream of blockages, representing 41% of the total assessed creek area.

N
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Table 2.1 Consolidated summary of blockages by waterway system type and island, based on
desktop analysis.

Waterway Type | Blocked| Total | Blocked | Blockages| CreekMouths
System Area Area | Area (%)
(ha) (ha)
NEW
PROVIDENCE
Adelaide Creek | Creek 15.47 26.16 59.14 5 1
Deferce Force | Creek 5.13 25.48 20.14 1 2
Cory Sound Wetland| 22.54 | 183.33 12.29 1 0
Millar's Creek Sound 153.58 | 158.93 96.63 2 1
South Beach Pond 26.29 66.13 39.76 2 0
Malcolm Creek | Creek 6.26 88.6 7.07 1 2
Yamacraw Area| Pond 4.22 4.22 100 1 1
Waterloo Pond 2.21 2.21 100 1 0
Sandy Port Other 0.13 15.01 0.87 1 1
ELEUTHERA
Savannah Soun(¢ Sound 0 653.68 0 2 2
Red Pond Pond 65.03 65.03 100 1 1
Rock Sound Creek 90.54 99.99 90.55 1 1
Airport
Rock Sound Pond 6.88 7.4 92.98 3 2
South
Starve Creek Sound 103.41 | 231.11 44.74 1 1
(Poison Point)
Cape Eleuthera | Sound 46.63 | 237.27 19.65 2 3
Cape Eleuthera | Pond 0.67 3.74 17.86 2 1
Resort
Deep Creek MP4 Creek 96.56 | 1,000.01| 9.66 5 7
Princess Creek 72.07 91.85 78.46 3 1
Cays/Bannermal
Town
Half Sound (W) | Pond 44.76 44.76 100 1 0
Half Creek 9.08 13.17 68.98 1 1
Sound/Winding
Bay
ANDROS
Conch Sound Sound 10.23 13.05 78.38 1 1
Cemetery Pond | Creek 13.46 13.46 100 2 1
(Mastic Pt)
Mastic Point Creek 8.84 19.06 46.35 2 1
(Church Pond)
London Creek N/A N/A N/A 1 2
Stafford Creek N/A N/A N/A 2 2
Young Sound Sound 1.87 186.75 1 1 2

NY



Bowen Sound | Sound 2.64 27.75 9.52 1 2
Man O' War Sound 441 6.42 68.7 1 1
Sound

Hagar Creek Creek 0.25 38.7 0.64 1 1
Moxie Town Pond 1.58 10 15.79 1 0
Lowe Sound Creek 56.52 82.95 68.14 1 1
Davey Creek Creek 2.61 2.87 90.88 1 1
Davis Creek Creek 35.41 95.55 37.06 6 2
Fresh Creek Creek N/A N/A N/A 1 1
Cargill Creek Creek 500.74 | 511.86 | 97.83 1 1
Deep Creek Creek N/A N/A N/A 1 1
Little Creek Creek N/A N/A N/A 1 1
Dotham Creek | Creek N/A N/A N/A 1 1
Staniard Creek | Creek 312.96 | 1,103.49| 28.36 4 2
Sandy Creek Creek N/A 312.96 N/A 1 0

The waterway types that were assessed for blockages included creek, sound, pond,

s Jaqdc Ul ALWce Brididsedneitdhe Higheist diversity and number ofvaterway

systems, reflecting its large size and complex hydrology, followed by Eleuthera and then

OT I Yt RKWAGYHT ¢ NIt We | 1J W6 dystenR(®0%loE Y U 1J U
blockages)o LWWE G D2 q6 11 ¢ Kkt WRGGeHaqt Wel DWaY!I w2300 ! Wi
and wetlands, while New Providence exhibits a mixed distribution across all waterway

New Providence.

types (Fig 2.4).

Overall, creek systems were by far the most impactedby blockages with 24 recorded
cases. Soundsy such as Conch Sound, Bowen Sound, and Savannah Soundend to
have fewer blockages but can still experience significant reductions in tidal exchange
when constricted by causeways, undersized bridges, or filled embankments. Ponds
waterbodies that are often more isolated from the open sear show high blockage
percentages in several cases, including Red Pondn Eleuthera Islandand Yamacraw
Area and Waterlooon New Providence eachregisteringa blockage affectingl00%of the

waterway system.
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Figure 2.4 Types of waterway systems affected by island

Blockage type and severity

Across all islands, the most frequent blockage types were culverts (18 instances)
causeways without openings (14 instances)and bridges (23). Only four causeways with
unbridged openings (either from natural forces or restoration activities)were
documented (Fig 2.5).

Flow condition assessments (Fig2.6) provided further insight into the severity of these

blockages. Partial blockages were the most common across all islands, representing

just under half of all cases (32 out of 65). This indicates that in many locations, some

level of hydrological connectvity remains, although at a reduced capacity that likely

affects ecosystem function. Fully blocked sites were the second most prevalent (16

cases), with Eleuthera hosting the largest share (8) and New Providence closehiad (6).

Free-flowing crossings were comparatively rare (12 cases), while a small number of

BGUI RYT RAWYUG! wllt Rt WetZWHCEH 3t b Ws 31 W IHYIT I
or seasonal conditions, underscoring the importance of accounting for teporal

variability in restoration planning.

Several systems display extreme connectivity loss, with blockage percentages above

90%. In Andros, Davey Creek (90.88%), and Cemetery Pond (100%) stand out. Similarly,

in Eleuthera, Red Pond, Half Sound (W), and several smaller ponds show complete or
nearAY O Ga WgqUWAHG YRt ¢nowf OWw s WAI Y2RT DUHRWDAW~RIG
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(96.63%), and smaller ponds like Yamacraw Area and Waterloo are completely
disconnected.
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Figure 2.5 Types of blockages by island
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Drone Mapping

For each creek where aerial surveys were completed, four map products were generated
from drone imagery, resulting in a total of 188 maps. This resulted in 40, 64 and 84 maps
for New Providence, Eleuthera and Andros respectively (Tahke?). Visualizations of all
drone imagery for the identified blocked waterways are available at the following link:

https://www.dropbox.com/scl/fo/pu3ftgl9wg5d41qvigdqt/ANezCGQuewqvb40wLhoGX
_k?rlkey=ba7mzespcilc9tz6prs5tauOxd&st=14buOseb&dl=0

Examples from the Adelaide Creek system in New Providence are presented bel{figs.
2.7-2.10).

Table 2.2. Summary of the types of mapbased products produced for blocked creeks.

Island RGB | NIR | NDVI | DEM | TOTAL
New Providence 10 10 10 10 40
Eleuthera 16 16 16 16 64
Andros 21 21 21 21 84
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Figure 2.7 RGB map of the Adelaide Creek system produced from drone surveys.
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Figure 2.8 Near infraredmap of the Adelaide Creek system.
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Figure 2.9 Normalized differencevegetative index map of the Adelaide Creek system.
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Figure 2.10 Map of digital elevationof the Adelaide Creek system.

Discussion

The Bahamas has undergone substantial fragmentation of its mangrove ecosystems via
extensive blockages within its vast network of waterways. Across Andros, Eleuthesnd
New Providence islands, we identified 65 blockages that are likely to have degraded
more than 2057.22 ha of habitat. Restoring connectivity in these systems as part of a
national restoration program will be critical to strengthen the health and reséince of
mangrove ecosystems and to improve the ecosystem services that they provide to the
Bahamian people.

We found that Andros has the most extensive, complex and diverse waterways, the
greatest number of blockagesand greatest extent of blocked habitat. However, most of
the blocked waterways on Andros have partial or free flow under bridges or through
culverts, suggesting that the ecosystem impacts of blockages may be less severe than
in systems where blockages arenore complete, and fragmentation is more extreme. On
New Providence for example, a third of assessed waterways were entirely blocked and
almost half of all blockages were causeways with no opening, or causeways with holes
and no culverts. These types of blockages are likely to have caused greater ecosystem
impacts, however, they may be less expensive and logistically challenging to restore, and
positive impacts of restoration may be more immediate and pronounced.
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Tidal waterways in The Bahamas are extensive and often complex, varyimglely in the
number of discrete blockages and the number of openings to the sea These
complexities mean that restoration projects should consider restoration systemically at
the creek or ecosystem scale, rather than at the scale of an individual blockage. For
example, larger, more complex systems like Davis Creelon Andros (6 blockages),
Staniard CreelSandy Creek system on Andro$4 blockages), and Deep Creek MPén
Eleuthera (5 blockages) indicate multiple physical restrictions that could cumulatively
impact hydrological exchange. Systems with more than one mouthsuch as Cape
Eleuthera (3 mouths) or Deep Creek MP@n Eleuthera(7 mouths)y may still maintain
partial connectivity despite blockages, but their functional health will depend on the
distribution and severity of each restriction. By contrast, systems with a single mouth
and high blockage percentage, such as Cemetery Pdror Rock Sound Airport, are more
likely to have experienced significant ecological degradation due tototal or near-total
tidal exclusion.

Conclusion

We show that approximately 40% of the total area of creek habitat across New
Providence, Eleutheraand Andros Islands is impacted by at least 65 distinct blockages.
This represents a strong opportunity for restoration action to meaningfully improve tidal
flow and connectivity, with benefits for mangrove ecosystems and their services.
Strategies for regoration will need to be islandspecific, with different approaches

required for the large and complex waterways on Andros Island, which have maintained
greater flow and connectivity, compared with strategies for Eleuthera and New
Providence, where waterways are smaller, and blockages tend to be more complete.
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Chapter3

Prioritizing mangrove creek
restoration to support storm surge
flood risk reduction in The
Bahamas




Introduction

The Bahamas is highly vulnerable to multiple intersecting climate threats (Carroll et al.
2023). Conservative estimates suggest that sea level is expected to risemi by 2100,
inundating low-lying coastal areas across the Bahamian archipelago (Strauss & Kulp
2018). Higher sea levels will compound risks posed by hurricanes, causing storm surges
to rush further inland and expose more people and properties to flood damagMousavi
et al. 2011; Pathak et al. 2021; Balaguru et al. 2023). Because more than 80%thaf
Bahamian population lives in the lowelevation coastal zone (< 10 m above current sea
level) and more than 60% of tourism infrastructure is built within 100 m of the coast,
adaptation planning to mitigate flood risk in The Bahamas is imperative to piect lives,
infrastructure and economic activity under climate change (Mycoo & Donovan 2017;
Pathak et al. 2021).

Mangrove ecosystems are suggested to protect coastlines from storm surge flooding by
attenuating the energy of waves that flow through their roots and canopies (Bao 2011;
Gedan et al. 2011). Thick, dense stands of mangroséave been shown to lessen peak
surge height, slow wave speed, and reduce the inland extent of flood penetration, with
protective benefits for communities (Gedan et al. 2011; Zhang et al. 2012; Hochard et al.
2019). The marginal increase in storm flood daages resulting from a loss of 1 ik? of
mangroves has been estimated at more than US$187,898 (Barbier 2007), and in most
cases, restoring the natural ability of mangroves to protect coastlines costs much less
than replacing them with built infrastructure such as sea walls to mitigate floodisk
(Barbier 2007; Barbier 2016). Mangrove conservation and restoration are thus gaining
attention from coastal managers as relatively lowcost, low-risk strategies to protect
populations against climate disaster while supporting important cebenefits including
carbon sequestration, biodiversity and fisheries production (Bimrah et al. 2022).

In The Bahamas, mangroves and other coastal forest habitats reduce population
exposure to coastal climate hazards (Silver et al. 2019). However, an estimated 37% of
mangroves have been lost on New Providence Island since the 1950s due to real estate
development pressure, while Hurricane Dorian destroyed 22% of mangroves on Grand
Bahama and 14% on Abaco in 2019 (Dahlgren et al. 2022). Another significant problem
for mangroves in The Bahamas is disruption of the natural hydrology of creek systems by
roads andother infrastructure that restrict tidal flow and fragment ecosystems (Layman
et al. 2004; Dahlgren et al. 2022). Waterway blockages can reduce the health of tidal
watersheds by lowering oxygen, raising salinity on the inland side of the blockage and
preventing the flushing of nutrients, sediments and toxins (Lewis 2005; Mitsch &
Gosselink 2015). Blocked waterways also have the potential to increase flood risk to
communities during storm events by preventing efficient drainage of excess water.
Restoring tre more than 100 blocked mangrove creeks across The Bahamas should
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therefore be considered to improve coastal ecosystem health and support climate
adaptation planning.

In this chapter, we present a simple spatially explicit estimate of storm surge flood risk
across New Providence, Eleuthera, and Andros Islands to help decisiemakers
prioritize blocked mangrove creek systems for restoration. We estimate mean flood risk
for each waterway where at least one blockage has been identified and provide an
estimate of the number of people living in proximity to each creek who might benefit from
increased protection from flooding if the mangrove creek ecosystem was restored. When
integrated with other benefits of mangrove restoration including enhanced biodiversity,
fisheries, and social and cultural wellbeing, information on the relative risk of storm
surge flooding around each creek system can help direct limited resources to rezation
projects with the greatest benefits for ecosystems and communities.

Methods

Storm surge potential

To assess the relative value of mangrove ecosystems in different parts of New
Providence, Andros, and Eleuthera Islands for attenuating storm surge flooding, we
calculated a proxy for storm surge flood risk on a 18 x 10m spatial grid. First, we used
a metric describing the relative storm surge potential at each pixel along the coastline of
each island (Silver et al. 2019). This metric was calculated using the croshore
distance of each coastal pixel to the nearest poihat the continental shelf edge. larger
cross-shelf distances indicate larger storm surge potential, as peak storm surges that
develop over wide continental shelves can be up to three times higher than those that
develop over narrow shelves (Jelesnianski 1972; Rego & Li 2010). Storm syrgeential
was scaled to a range of 5, with 1 being lowest potential and 5 being highest potential
(Silver et al. 2019).

Storm surge flood risk

To approximate the probability of storm surges causing inland flooding, we assumed that

storm surge flooding at each inland pixel was a function of storm surge potential at the

closest point at the coastline, the topographic elevation of the pixel, and th&& R+ 130 K t LU
distance from the coast. We first used inversealistance weighting to create a smoothed

surface of storm surge potential for each inland pixel on each island. We then added

storm surge potential to scaled satellite elevation at each pixel and weighd the final
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(lowest) and 5(highest).
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We compared final island maps with published storm surge flood maps produced using
more sophisticated hydrological flood models and found good agreement between
areas of identified high and low risk (e.gHughey et al. 2021; Pathak et al. 2021, Grey et
al. 2025). However, this storm surge flood risk metric is a relative approximation for each
island and does not estimate the absolute probability of an area flooding, including
under any specific storm or sa level rise scenario (Pathak et al. 2021). Flooisk maps
are therefore suitable to complement prioritization of ecosystem restoration efforts at
the creek level, but not to undertake detailed flood risk planning.

Population exposure to storm surge flood risk

To explore the relative size of the populatiorthat might benefit from reduced storm surge
flood risk and other cobenefits if agivencreek were restored, we estimated the number
of people living within 1 km of each waterway with an identified blockage, using
WorldPop 2020 Bahamas population estimates disaggregated using eonstrained top-
down method onto a 100 m spatial grid (Tatem 201 A\Vhile these databroadly estimate
the spatial distribution of populations, their accuracy may be limited at fine scales,
especially in areas of very low population densities.

We converted the population within 1 km of each creekto a proportion of the total
population of each island, then weighted flood risk scores by the proportion of the
population exposedto risk. We summarized final storm surge flood riskexposurescores
into tertiles to determine cutoffs for low (< 33%), moderate (33 66%) and high (> 66%)
risk exposure,to complement other prioritization metrics (see Chapterb).

All analyses and visualizations were performed in the R statistical programming
environment (R Core team 2024) and spatial analyses were performed using tké
package (Pebesma & Bivand 2023).

Results

New Providence

Us WAl Y2RT DUHDKkt Wt Yeqd6 Wl OWt 6 VY1 DWRY WI+FGYt U Wa
sits at the northern end of a large sand bank, with the deep waters of tiHengue of the
ORNcUWNn¢ada RUNWGqY Waq 6 1J WR.LAY. THe Whole 1818hY has) & rellativélly LWs 13t q
low elevation (< 10 m) except for a ridge that traverses the northern shore (maximum
elevation = 41 m; Fig3.1B). Total flood risk is highest along the southern shore and
across the southern half of the islandr an area that has been shown tde vulnerable to
category 1-3 hurricane surge flooding in other studies (Pathak et al. 2021; F§)1C). The
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total population size of New Providence is estimated to be 292,522, with the highest
population densities along the northern shore (Bahamas National Statistical Institute
2022; Fig 3.1D). Waterways in areas with high vulnerability to flood risk that have a high
population density include South Beach Pondg,877 people), Yamacraw area §,256
people, Millal k t LUI918128)dpleiand Adelaide Creek 1,103 peopleTable3.1).
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Figure 3.1: Components of storm surge flood risk across New Providence Island in The Bahamas:
A) storm surge potential at the coastline from the INVEST modeling suite (Silver et al. 2019); B)
satellite-derived elevation (m); C) estimated relative storm flood risk; Djopulation density per
100m (Tatem 2017).

Eleuthera
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the island forms the eastern boundary of a largeshallow basin with deep water falling

away to the east (Fig3.2A). Eleuthera has a mean elevation of 11.6 m. There is a high

elevation ridge (maximum 78 m) running down the length of the island, and relatively low
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(Fig 3.2B). The areaghat are most vulnerable to storm surge flooding were found to be

the far northern part of the island and the areas around Rock Sound (F852C). Eleuthera

has low population density, with small towns and settlements scattered along its length

(Fig 3.2D). Creeks with high flood vulnerability and relatively high population densities

include Rock Sound South Pond (184 people) and Rock Sound Airport (260 people; Table

3.1).

oM



25.50 ‘
L \; X
\y\ o
\
25.254 ¢ Surge Potential 25.251 Elevation
Q \ = 5 [ \ 20
o k=4 iﬁ
= t s 2 % 15
5 | 5 »
= 25004 3 - 55 004 ) 10
f 4 ‘ o
) }
N\ 1 \_f 0
24.75- \\< 24,751 v
24,504 24,504
77.00 -76.75 -76.50 -76.25 -76.00 7700 7675 -76.50 -7625 -76.00
Longitude Longitude
)
: A
"N A
N 2 {
2 Flood Risk ' N\ Population
| B @ 252 ™ mm 00
8 L = 4 N
- 4 2 ’ 75
= | =
e ’ S 25+ 4 50
a
- ) 25
~“
! 48 N 0.0
4 \— /
\

, RO 7 -768-766-764-762 76
Longitude Longitude

Figure 3.2 Components of storm surge flood risk acrossEleutheralsland in The Bahamas: A)
storm surge potential at the coastline from the INVEST modeling suite (Silver et al. 2019); B)
elevation (m) from SRTM; C) estimated relative storm flood risk; D) population density per 100
(Tatem 2017).

Andros

The western shore of Andros Island has the highest storm surge potential due to
proximity to shallow water off the western coast (Fig3.3A). The western and southern
parts of the island have very low mean elevations (< 5 m), with higher elevation in the
north and along the outer eastern shore (maximum elevation = 96 m; F&j3B). The entire
western side of the island can be considered highly vulnerable to storm surge flooding
due to its low elevation and proximity to higher potential surges at the coadFi@. 3.3C).
Andros has a total population of 7500 people, living at low population densities
(Bahamas National Statistical Institute 2022; Fig3.3D). Lowe Sound, Davey Creek and
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Cargill Creek each have high vulnerability to flooding and a relatively high number of
people living within 1 km of the waterway (Tabld.1).
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Figure 3.3 Components of storm surge flood risk acros#Androsisland in The Bahamas: A) storm
surge potential at the coastline from the INVEST modeling suite (Silver et al. 2019); B) elevation
(m) from SRTM; C) estimated relative storm flood risk; D) population density per 160(Tatem
2017).
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Table 3.1 Waterway blockages identified on New Providence, Eleuthera and Andros
Islands, the number of people estimated to live within 1 km of each waterway, storm
surge flood risk on a scale of {lowest) to5 (highest)and storm surge flood risk range

presented as low, moderate or high.

Waterway System Type Proportion of Flood risk (15) Population
island population weighted flood
within 1km risk exposure
NEW PROVIDENCE
Adelaide Creek Creek 0.004 4.14 Moderate
Deferce Force Creek 0.006 4.21 Moderate
Cory Sound Wetland 0.02 4.30 High
Millar's Creek Sound 0.06 4.24 High
South Beach Pond 0.02 4.50 High
Malcolm Creek Creek 0.03 4.26 High
Yamacraw Area Pond 0.02 4.21 Moderate
Waterloo Pond 0.03 3.86 High
Sandyort Other 0.03 3.22 High
ELEUTHERA
Savannah Sound Sound 0.03 3.67 High
Red Pond Pond 0.001 3.73 Low
Rock Sound Airport Creek 0.03 4.13 High
Rock Sound South Pond 0.02 4.27 High
Starve Creek (Poison Point| Sound 0 4.02 Low
Cape Eleuthera Sound 0.002 4.07 Low
Cape Eleuthera Resort Pond 0.001 3.36 Low
Deep Creek MPA Creek 0.02 3.68 Moderate
Princess Cays/Bannermd Creek 0.001 3.42 Low
Town
Half Sound (W) Pond 0.01 3.75 Moderate
Half Sound/Winding Bay | Creek 0.004 3.66 Low
ANDROS
Conch Sound Sound 0.02 3.59 Moderate
Cemetery Pond (Mastic Pt)| Creek 0.06 3.79 High
Mastic Point (Church Pond) Creek 0.06 3.79 High
London Creek 0.05 3.91 High
Stafford Creek 0.05 3.88 High
Young Sound Sound 0.005 3.86 Moderate
Bowen Sound Sound 0 4.22 Low
Man O' War Sound Sound 0 4.27 Low
Hagar Creek Creek 0.004 3.92 Moderate
Moxie Town Pond 0.01 3.64 Moderate
Lowe Sound Creek 0.02 4.33 High

(0} 0)




Davey Creek Creek 0.08 4.23 High
Davis Creek Creek 0.04 3.50 High
Fresh Creek Creek 0.04 3.61 High
Cargill Creek Creek 0.02 4.34 High
Deep Creek Creek 0.006 412 Moderate
Little Creek Creek 0.003 4.10 Low
Dotham Creek Creek 0 4.39 Low
Staniard Creek Creek 0.001 3.66 Low
Sandy Creek Creek 0 3.42 Low
Discussion

Small island developing states like The Bahamas face worsening climate change
impacts including strengthening storms and rising tides. Incorporating ecosystem
based adaptation into coastal management planning is a powerful and cosgffective
way to future-proof coastlines and protect Bahamian communities (Silver et al. 2019). To
help highlight places whererestoring mangrove creek habitatmay have the greatest
benefits for protecting lives and livelihoods, we estimated population exposure to storm
surge flood risk to complement ecological and social priorities for restoration outlined in

Chapters 4-6.

We show that on New Providence, most mangrove creeks with blockages are located on
the southern shore, an area that is highly vulnerable to storm surge flooding and that has
been hit hard by past storms. For example, following Hurricane Matthew in 2016,
hotspots of flood damage to buildings were identified in South Beach, Yamacraw,
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thousands of people living within 1 km of these waterways that could be better protected
bydense, intact mangrovehabitats and improved water drainage if creeks were restored.
Although land use pressure from real estate development constrains the ability to
increase the total extent of mangrovehabitats in New Providence, regulations to protect

existing mangrove ecosystems should be strictly enforced, especially where they lie on

the seaward side of densely populated communities.

The topography of Eleuthera means that the highly exposed eastern side of the island is
less likely to flood, while the more sheltered western side is vulnerable to storm surge
flooding (Grey et al. 208). Creeks on the western side of Eleuthera, includingaterways

in Rock Sound to thesouth and near the airport are in a zone of relatively high flood risk
and have hundreds of people living in proximity to them. Andros Island has the greatest
extent of mangrovehabitats, the most extensive mangrove creek stems, and the
largest number of blockages (Layman et al. 2004; Dahlgren et al. 2022). It is also the most
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vulnerable to storm surge flooding given its mean elevation of only 5.1 m above sea level.
Hurricane Matthew caused a surge of2.5 m that inundated homes and coastal
infrastructure and displaced 40 people in North Andros in 2016 (Robinson 2024).
However, the number of people living in flood prone areas on Andros is relatively low due
to low total population size and density on the islad.

The amount of protection that mangroves provide from storm surge flooding is highly
dependent on a suite of factors that determine how much they can reduce wave energy,
including tree density, tree size and trunk circumference, andhe width of mangrove
stands (Bao 2011; Horstman et al. 2014). In The Bahamas, relatively low nutrient, shallow
soils mean that mangrove trees are generally small, ankdabitats are sparse relative to
the taller and thicker forests prevalent in other parts of the Caribbean. Althagh sparse
mangrove stands can still attenuate waves and can lessen damages to communities
during storms, the width of mangrove stands required to maximise protective benefits
must be much larger (Bao et al. 2011).

More detailed assessments of hydrology at the creek scale and more information about
the wave attenuating properties of mangrovdabitat in The Bahamas will be needed for
a full accounting of the reduction in flood risk that individual restoration projects could
offer communities. Nonetheless, when combined with metrics describing biodiversity,
fisheries and community priorities, estimates of relative population exposure to flood
risk can help guide decisionmakers to restore mangrove creek systems that sygport
climate adaptation goals.

Conclusion

As The Bahamas plans for intensifying climate change impacts overe coming decades,
there is a need to prioritize restoration projects that will have the greatest benefits for
both ecosystems and coastal communities. One of the most important services that
mangrove ecosystems provide to people is protection of lives andvielihoods from
flooding during damaging storms. Based on relatively high storm surge flood risk and the
potential to protect relatively large populations living in proximity to mangrovereeks,
the highest priority creeks to restore on New Providence Island are South Beach,
OCOCHI ¢csAW~-RAGe!l k+ W1 PPUEt WeUT W THPGEeRT PWII WUt K
Rock Sound including the airport, are the highest priority, while on Andros Island, Lowe
Sound, Davey Creek and Cargill Creek are high priorities for restoratitmreduce flood
risk.
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Chapter4

Environmentahnd ecological
statusof blockedmangrove creek
In The Bahamas
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Introduction

One of the essential functions of mangroveecosystems is as critical habitat for
economically and ecologically valuable fishand shellfish species. Mangroves are
important sites for feeding breeding, and shelter from predators,and provide a haven
for juvenile fish to feed and grow before they disperse ta@oral reefs and other
ecosystems Hutchison et al. 2014).

Fisheries are particularly important for The Bahamas, witlstrong commercial, sport,

recreational, and subsistence fishing sectors (Sherman et al. 2018).Commercial

fisheries support 1% of allBahamianjobs and contribute more than 2% of GDP, witkey

fishery species including Caribbean spiny lobster, queen conch and Nassau grouper

worth acollective US $1.4 billionper year (Department of Statistics 2014;Sherman et al.

2018). Fisheriesare¢ @it YW W GO ! WRUq Il cprofmold tolisniimpdsttg 6 1J WU ¢
providing food for visitors andincome and jobs for thousands of peoplevia the

recreational fishingsector (Smith & Zeller, 2013).

Healthy mangrovesand mangrove creeksare vital for fisheries production (Hutchison et
al. 2014) Water quality (e.g., salinity, oxygen, turbidity), the density of mangrove trees
and root systems, and waterway connectivity are alllikely to beimportant determinants
of fish abundance and diversity, contributing to the health of populations of
commercially and recreationally important fishery species (Dahlgren et al. 2006;
Nagelkerken et al. 2008 Mattone and Sheaves 2017Breitburg et al. 2018. Measuring
water quality andbiodiversity cantherefore help us understand the ecological impacts
of waterway fragmentation and help prioritize restoration action.

Here, we used in-water surveysand drone assessments to measurevater quality, fish
abundance and diversity and benthic invertebrate abundance and diversityin blocked
mangrove creeks on New Providence, Eleuthera, and Andros IslandBhis information
provides a foundation for understanding the ecological value of diverse creek systems
and identifying where the ecological benefits of mangrove creekrestoration could be
most impactful .
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Methods

Water Quality

A multiparameter YSI meter was used to collect and record water quality data fro6
sites across the islands of New Providence, Eleuthera and Andros. Parameters
measured included temperature, salinity,dissolved oxygen DO), turbidity, conductivity,
and chlorophyll. Measurements were taken on both sides of the blockage where feasible.

Fish Surveys

Between June 2024 and February 2025, a total bB0fish surveys were completedacross

41 blocked mangrove creek system®n the islands of New Providence, Eleuthera and

Andros (Tabled.1). The diversityabundance and size estimates of fish speciesat 47 sites

(New Providence (n=11), Eleuthera (n=15), and Andros [n=2{j¢re assessed by up to

two surveyors using 30 m x 2 m belt transects along the proproots of red mangroves
(Rhizophora manglg conforming to mangrove shorelines. Within each belt transect,$h

510 DWRT BUqRNRUT WaVYW GUHRIJY AWHz qt YW Gedd
were identified to Family (i.e., Haemuildae or Geeidae). All fish were counted and their

sizes were estimated to the nearest cm. Each surveyor completedt4 belt transect

surveys per site depending on the extent of tharea.

Fish diversity(species richness)at each site was calculated and the sum of important

fisheries (i.e., bonefish, grunts, groupers, snappers, lobsters, queen conch) and four
economically valuable taxa (i.e., snappers, grunts, bonefish and lobsters) were also

examined for each site acrossthe three islands surveyed N6 IJWA1J¢ | + YUKt WHYI
coefficient, r was used to investigate relationships between diversity, fisherigsand
DHYUYOGRHCOG! W2clecHOWWagec*+cWeHI Y+ WRY G¢cUT + W
correlation coefficient, r.
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Table 4.1. Summary information for the locations and numbers of fish transects conducted in
mangrove creeks on New Providence, Eleutherand Andros between 2024 and 2025.

Site Name Latitude Longitude No. Fish Survey Date
Transects

New Providence
(n=11)
Adelaide Creek Bridge 24.99902 -77.48857 3 18-Jun2024
Adelaide 2nd Bridge 25.002088 | -77.495773 2 18June2024
Adelaide Bridge West 24.99884 -17.48842 3 18-Jun2024
Adelaide Causeway West 25.00224 -77.49577 2 18-Junr2024
Adelaide Creek Mouth 24.99533 -77.48264 5 18-Jun2024
Defence Force Creek Mouth 24.99267 -17.47907 2 19-June2024
Defence Force Creek Upstream 24.98943 -77.47638 5 19-June2024
Millars Creek Mouth 24.99179 -77.41229 3 19-June2024
Millal K+ HO1 131t H7 | RI 24.99476 -77.42063 3 19-June2024
Millad Kt HO| Wt H7 | Ry 2499467 | -77.42069 , | 19June2024
Cory Sound Creek 25.00036 -77.48655 3 21-June2024
Eleuthera (n = 15)
Plum Creek Mouth 24.75747 -76.25899 4 04-Sep2024
Plum Creek Road Overwash SE 24.76344 -76.26405 2 04-Sep2024
Plum Creek Road Overwash Nw | 2476344 -76.26405 2 04-Sep2024
Davis Harbour NW 24.7405 -76.2324 1 04-Sep2024
Davis Harbour SE 24.74057 -76.2324 2 04-Sep2024
Princess Cays N 24.63729 -76.1738 2 04-Sep2024
Princess Cays S 24.63729 -76.1738 2 04-5ep2024
Half Sound/Winding Bay 1 24.94174 -76.1567 3 06-Sep2024
Half Sound 2 24.94182 -76.1604 3 06-Sep2024
Half Sound Pond 24.94174 -76.1567 3 06-Sep2024
Half Sound Winding Bay Creek 24.94206 -76.1567 3 06-Sep2024
Savannah Sound 11 25.098474 -76.121789 4 06-Sep2024
Savannah Sound 7 25.07703 -76.119 3 06-Sep2024
Savannah Sound 9 25.089487 -76.119557 4 06-Sep2024
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Andros (n = 21)
Cargill Creek Upstream 24.48075 -77.7259 27-Jan2025
Cargill Creek Mouth 24.481604 -77.724520 27-Jan2025
London Bridge E 24.91607 -77.984 29-Jan2025
London Creek Mouth 24.92919 -77.9303 29-Jan2025
Stafford Creek Downstream 24.86983 -78.08753 29-Jan2025
24.86977 29-Jan2025
StaffordLondon West -78.0875
London Creek Blue Hole 24.88987 -78.0026 29-Jan2025
Stafford/London Middle 24.87648 -78.07 29-Jan2025
StaniarcCreekBridge $0Id) 24.82681 -77.88623 30-Janr2025
Staniard Creek New Bridge 24.82961 -77.8891 30-Janr2025
StaniardMlouth 24.84191 -77.89397 30-Jan2025
25.15644 -78.0915 31-Jan2025
Lowe Sound
. 25.14778 -78.06561 31-Janr2025
Dave Creek
London Bridge W 24.91053 -77.9871 31-Jan2025
Bird Pond Mastic 25.05089 -77.97442 31-Jan2025
CemetenyPond 24.04844 -77.97734 31-Jan2025
Fresh Creek Upstream (Tavares 24,7229 -77.7917 01-Feb2025
Mangroves)
Fresh Creek Causeway 24.72369 -77.78864 01-Feb2025
Love Hill Bridg@orth) 24.76011 -77.8267 01-Feb2025
Davis Creek® Gt al 10¢é & H7 24.75646 -77.8218 01-Feb2025
Davis Creek Mouth 24.75896 -77.823634 01-Feb2025

Benthic Surveys

Where feasible, surveyors assessed the benthosy substrate type, survey depth (cm),
dominant cover and sediment depth (cm) in 5 m intervals along the same 30 m x 2 m belt
transects deployed for fish surveys. A total D132 benthic surveys were completed
across 41 sites: New Providence n=11, Eleuthera n=12 and Andros n={Bable 4.2).
Surveyors categorized substrate type as either rock, rubble, mud, sand, silt, shell, peat,
sand/rock, mud/rock, sand/mud, or other. Dominant cover was recorded as either bare,
seagrass (SG), calcareous algae (Calc algae), filamentous macroalgae (FMA), detritus,
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turf algae, SG/Calc algae mix, SG/FMA mix, Calc algae/FMA mix other. Seagrass,
calcareous algae and filamentous macroalgae were identified to species level where
possible. Additionally, the abundance of key invertebrates includingCaribbean spiny
lobster (Panulirus argug, queen conch Aliger gigag, and longspined sea urchin

(Diadema antillarum) were also recorded.

Table 4.2. Summary information for the locations and numbers of benthic transects conducted

in mangrove creeks on New Providence, Eleutherand Andros between 2024 and 2025.

Site Name Latitude Longitude No. Benthic Survey Date
Transects

New Providence
(n=11)
Adelaide Creek Mouth 24.99533 1748264 5 18-3un2024
Adelaide Village Road (E. Side) 24.99884 7748842 3 18-June2024
Adelaide Village Road (W. Side| 2499884 -/7.48842 3 18-Jun2024
Adelaide Causewdf) 25.00224 1749577 2 18-Jun2024
AdelaideCauseway (W) 24.99533 "/1.48264 2 18-Jun2024
RBDF Creek Mouth 24.99267 -(1.47907 4 19-June2024
RBDF Mid 24.98943 7747638 5 19-June2024
Millars CreelBacardi Road SE 24.99179 "(1.41229 3 19-June2024
Millal k + HBataldiRoad NW | 24.99476 -77.42063 5 19-June2024
Millad & + HMOutll 13t H 24.99467 7742069 3 19-June2024
Adelaide Creek into Cory Soung 25.00032 -77.48656 3 21-June2024
Eleuthera (n =2)
Plum Creek Mouth 24.75747 -76.25899 4 04-Sep2024
Plum Creek Road Overwash NV 24.76344 -76.26405 2 04-Sep2024
Plum Creek Road Overwash SH 24.76344 -76.26405 2 04-Sep2024
Davis Harbour NW 24.7405 -76.2324 1 04-Sep2024
Davis Harbour SE 24.74057 -76.2324 2 04-Sep2024
Wenyss Bight 24.73123 -76.22364 2 04-Sep2024
Princess Cays N 24.63729 -r6.1738 2 04-Sep2024
Princess Cays S 24.63729 -r6.1738 3 04-Sep2024
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Half Sound/Winding Bay 1 2494174 -76.1567 3 06-Sep2024
Half Sound 1 24.94174 -76.16036 3 06-Sep2024
Half Sound 2 2494182 -76.1604 3 06-Sep2024
Half Sound Pond 2494174 -76.1567 3 06-Sep2024
Andros (n 48)

Cargill CreekEast) by gas statio] 24.481343 -77.725093 4 27-Jar2025
Cargill Creek West (mangroves| ., sg1343|  .77.725093 3 27-Jan2025
along ramp side)

Londonwest 24.91039 -77.98708 3 29-Jan2025
London West Middle 24.87648 -8.07001 3 29-Jan2025
Stafford Creek 24.898577 -77.935548 6 29-Jan2025
London Creek Blue Hole 24.88987 -/8.0026 2 29-Jan2025
StaniardCreekBridge $OId) 24.82681 -/7.88623 5 30-Jan2025
Staniard Creek New Bridge 24.82961 -77.8891 5 30-Jan2025
StaniardViouth 24.84191 -77.89397 6 30-Jan2025
Lowe Sound 25.15644 -78.0915 6 31-Jan2025
Dave Creek 25.14778 -78.06561 2 31-Jan2025
London Bridge W 24.91053 "7.9871 3 31-Jan2025
Bird Pond Mastic 25.05089 -77.97442 1 31-Jan2025
Fresh Creek Upstream (Tavarey 24.7229 -77.7917 5 01-Feb2025
Mangroves)

Fresh Creek Causeway 24.72369 -77.78864 5 01-Feb2025
Love Hill Bridg@orth) 24.76011 -77.8267 3 01-Feb2025
Davis CreekUpstream 24.75646 -77.8218 4 01-Feb2025
71 RND¢T RIJI k¢

Davis Creek Mouth 24.75896 -77.823634 4 01-Feb2025




Results

Water Quality

Salinity, turbidity, dissolved oxygen, and temperature varied considerably across sites
(Table 4.3).Salinity ranged from 0.42 ppt (South Beach Pond, New Providence) to 58.98
ppt (Red Pond, Eleuthera). The most pronouncedariability in salinity and dissolved
oxygen values were observed across waterways in Eleuthera, followed by New
Providence, while those in Andros exhibied the least variability (Table4.3).

In New Providence, Malcolm Creek E had some of thmost extreme water qualityvalues
across multiple parameters, including relatively highsalinity (39.76 ppt), high turbidity
(2539.35 NTU)highdissolved oxygen (12.27 mg/L), andightemperature (40.4°C) (Table
4.3). Conversely, Yamacraw Pond exhibited the highest dissolved oxygen reading (12.67
mg/l) alongside low salinity (2.27 ppt). The lowest recorded values for both dissolved
oxygen (1.22 mg/L) and salinity (0.42 ppt) were found at South Beach Pon{T&ble4.3).
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Table 4.3 Water quality data collected from blocked tidal creek systems in New Providence, Eleuthera and Andros.

Island Site Name Date Time Temp mmHG DO% DOmg/L SPC C TDS Salppt  NTU CHL PE Depthm
New Providence Adelaide Mouth 6/18/24 9:36 28.3 760.1 71 5.04 27354 29063 17780 16.72 0.76 0.26 1.6 0.333
New Providence Adelaide Causeway (E) 6/18/24 8:44 281 760.2 54.2 3.81 30750 32564 19987 19.02 15 1.02 4.27 0.361
New Providence RBDF mouth 6/19/24 8:27 27.3 760.3 74.9 4.82 56368 58794 36639 374 1.63 0.22 1.07 0.489
New Providence RBDF Mid 6/19/24 8:37 279 760.5 40.3 2.56 56845 59945 36950 37.74 0.35 0.2 1.48 0.33
New Providence Millar's Creek Bacardi RD SE 6/19/24 10:14 28.88 761.1 40 2.92 17003 18241 11052 9.94 1.53 0.69 3.37 0.342
New Providence Millar's Creek Bacardi RD NW 6/19/24 10:14 28.88 761.1 40 2,92 17003 18241 11052 9.94 1.53 0.69 3.37 0.342
New Providence Millar's Creek Mouth 6/19/24 11:46  29.7 761.6 88.2 5.58 51183 55762 33269 334 0.73 0.32 1.15 2.383
New Providence South Beach Pond W 6/19/24 12:57 312 761.2 60.3 4.46 867 969 563 0.42 0.06 2.05 4.76 0.405
New Providence South Beach Pond W 6/19/24 12:57 33.6 761.2 128.7 8.23 32225 37522 20946 19.9 6.03 3 11.3 0.408
New Providence South Beach Pond 6/19/24 14.03 33 761 19.8 1.22 43720 40394 28418 27.95 161 0.8 3.86 0.413
New Providence Yamacraw Pond 6/19/24 14:34 35 760.8 184.6 12.67 4337 5167 2819 2.27 2.53 3.3 7.34 0.474
New Providence Malcolm CreekE 6/19/24 15:50 31.7 760.6 69.7 5.07 3439 3839 2211 1.76 10.57 8.63 2552 0.336
New Providence Malcolm CreekV 6/19/24 15:50 404 760.5 235.8 12,25 60237 77897 39154 39.76 2539.35 19.01 3222  0.329
New Providence Lake Waterloo 6/20/24 15:01 345 762 87.7 5.28 44903 53011 29180 28.75 0.61 2 9.51 0.411
New Providence Bay Street 6/20/24 16:28 32.2 761.5 53.4 3.73 13614 15476 8849 7.78 6.22 8.88 27.74 0.351
New Providence Sandyport 6/20/24 16:46  31.9 7615 1335 8.05 54315 61476 35305 35.7 0.2 0.2 1.13 0.452
New Providence Adelaide Creek into Corrie Sound 6/21/24 15:05 35.7 762.6  129.2 8.27 22405 26994 14563 133 1.87 0.39 1.64 0.381
Eleuthera Plum Creek Mouth 9/4/24 759  29.6 762.3 80.6 4.96 57970 63061 37681 38.53 0.36 0.25 0.57 0.356
Eleuthera Plum Creek Road Overwash NW 9/4/24 8:56 28.9 762.6 89.6 5.57 58252 62542 37864 38.77 0.21 0.24 1.54 0.356
Eleuthera Davis Harbour NW 9/4/24 9:54 29.9 763.1 75.4 4.62 58309 63750 37901 38.78 1.52 0.28 1.6 0.361
Eleuthera Davis Harbour SE 9/4/24 9:56  29.8 763.1 76.5 4.69 58365 63770 37937 38.82 1.54 0.32 1.64 0.363
Eleuthera Princess Cays (S) 9/4/24 11:08 31.2 763.1 101.5 6.1 57774 64620 37553 38.32 0.67 0.46 1.47 0.692
Eleuthera Bannerman Town N 9/4/24 12:17 34.2 762.8 144.7 9.24 29575 34799 19224  18.09 1.71 6.21 14.01 0.462
Eleuthera Bannerman Town S 9/4/24 12:17  36.2 762.9 129.8 7.18 59685 72409 38795 39.55 20.53 17.75 55.58 0.356
Eleuthera Cape Eleuthera RD 1 NW 9/5/24 11:57 35 762 145.8 9.59 13349 16129 8677 7.57 1.86 2.24 6.53 0.415
Eleuthera Cape Eleuthera RD 1 SE 9/5/24 11:57 35.7 762 136.1 7.95 47913 57663 31143 20.87 12.56 1.79 9.55 0.407
Eleuthera Cape Eleuthera RD 2 NW 9/5/24 12:27 334 761.9 130.6 7.69 54411 63165 35367 35.72 2.06 0.73 2.61 0.431
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Fish Surveys

A total of 7,970 fish were counted during blocked creek surveys across New Providence,
Eleuthera, and Andros Islands. Mangroveassociated species such as mojarras(family
Gerreidae), which are locally referred to as/shadiwere common among most creek
systems (Fig.4.1), consistent with other studies from the Caribbean region (Enchelmaier et
al. 2020; ArceaCarranza et al. 2024). Ecologicallyaluable (e.g., parrotfish and surgeonfish)
and commercially valuable (e.g., grunts and snapper9 fish species were present in blocked
creeks on each island (Fig4.1). Snappers and grunts were most abundant in Andros and
least abundant in New Providence (Figt.2; Table4.4). Mutton snapper [utjanus analis) and
white grunt Haemulon plumieri) were the most common snapper and grunt species
observed across all islands and sites surveyed (Table4.4). Cubera snapper Lutjanus
cyanopterus) were most abundant in Andros (Tablé.4).

No groupers including the critically endangered Nassau grouper were observed on
transect surveys. Generally, sites that were in closer proximity to coral reefs and/or close to
creek mouths tended to support a greater abundance ofeef associated species and
exhibited higher species diversity (e.g., Lowe Sound; Fig.10). No invasive lionfish Pterois
volitans) were found on transect surveys conducted across the three islands.
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Figure 4.1Mean abundance of (a) mojarras (Gerreidae) including yellowfin mojarr& (cinereus) and
(b) herbivorous fish including blue parrotfish $carus coeruleus), queen parrotfish §. vetula), striped
parrotfish (S. isert)), bucktooth parrotfish (Sparisoma radiang, and ocean surgeonfish Acanthurus
chirurgus) across surveyed sites in New Providence, Eleutherand Andros.
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Figure 4.2 (a) Mean abundance of snappers (Lutjanidae) and grunts (Haemulidae) and (b) mean
species richness, fisheries, and economically valuable taxa across the three islands surveyed.
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Table 4.4 Total abundance of grunt and snapper species observed on each island. Grunts: HACH =
Haemulon chrysargyreum HAFL =Haemulon flavolineatum, HAPA = Haemulon parra, HAPL =
Haemulon plumieri, HAST =Haemulon striatum and snappers: LUAN =Lutjanus analis LUBU =
Lutjanus buccanella, LUCY .utjanus cyanopterus LUGR 2 utjanus griseus and OCCH =Ocyurus
chrysurus.

Island HACH| HAFL | HAPA | HAPL | HAST | LUAN | LUBU | LUCY | LUGR | OCCH
New Providence 0 0 0 11 0 143 4 35 0 0
Eleuthera 28 1 3 218 7 126 1 115 0 3
Andros 67 37 9 678 67 180 19 503 1 4
Total 95 38 12 907 74 449 24 653 1 7

New Providence

A total of 1,110 fish were counted during assessments in New Providence. Species
composition was similar across sites,dominated by Lutjanus analis, Lutjanus cyanopterus,
and Lutjanus buccanella (Fig. 4.3). Three sites hal more diverse fish community
assemblages Defence Force Creek Mouth (7 species)Defense Force Creek Upstream (10
species) and Adelaide Creek Bridgéo species). Mean fish abundance was variable across
sites, ranging from 0.2G1.46 with a mean of 0.26 (x2.25 SD) individual§Snappers were
most abundant at the Defense Force Upstream site and were absent from Adelaide
Causeway West.There were significant positive correlations between diversity, fisheries
and economically valuable taxa across the 11 sites surveyed in New Providence (Tablg).
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Figure 4.3 Map showing the composition of snapper speciesassemblagesat each survey site on
New Providence
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Eleuthera

In Eleuthera, a total of 2,139 fish were observed and mean abundance was variable (0r02
2.3) across the 15 sites surveyed with a mean of 0.41 (x4.6 S[CP¥napper species
assemblages were similar between sites, dominated byLutjanus analis and Lutjanus
cyanopterus (Fig. 4.4). Howevertwo sites in Plum Creek had onlyOcyurus chrysurus
recorded. Fish abundance and diversity was highest in Savannah Sound and lowest in Plum
Creek (Fig.4.6). Species of fisheries importance were more abundant in Savannah Sound
and Princess Cays (Fig4.6). For example, snappers were most abundant at the Savannah
Sound 7 site.There were significant positive correlations between diversity and fisheries (r =
0.573, p = 0.0256) and fisheries and economically valuable taxa (r = 0.837, p = 0.0001) (Table

4.5).
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Figure 4.4 Map showing the composition of snapper species assemblages at each survey site in
southern Eleuthera.
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Andros

A total of 4,721 fish were counted across 21 sites in AndroSnapper species assemblages
were dominated by Lutjanus cyanopterus and Lutjanus analis with relatively large
proportions of Lutjanus buccanellaand Ocyurus chrysurusat some sites(Fig. 45). Overall,
sites in Andros were more diverse, having more important fishery species and economically
valuable taxa compared to Eleuthera and New Providence (Fig¢.6). However, mean
abundance was quite variable across sites, ranging from 0.@6.7, with a meanof 0.48 (+5.8
SD) individuals. Fish abundance was lowest in Staffordondon West and highest in Lowe
Sound, where species composition was not only more diverse, but also included a higher
abundance of economically valuable fish (i.e., snappers, grunts, baefish, and lobsters), as
well as fisheries-important taxa (Fig.4.6). There was a moderate positive correlation
between diversity and fisheries (r = 0.579 p = 0.006) and a strong correlation between
fisheries and economically valuable taxa (r = 0.821, p<0.0001) (Table4.5)
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Figure 4.6 Mean species richness, fisheries and economically valuable taxa observed across sites in (a) New Providence, (b) Eleuthera

and (c) Andros.
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Table 4.5 Relationships between diversity(species richness) fisheries and economically valuable
qc*FcWeHI Yt WRtGecUOT+ WeUOT W RaJt Wt el 213! 3T WH¢t 3T wy 0w
closer to +1 indicate a positive correlation, O = no correlation anthose closer to -1 indicate a

negative correlation. Significant pvalues are presented in bold.

Island Variables Pearson r p-value
New Providence (n = 11
Diversity vs. Fisheries 0.890 0.0002
Diversity vs. Economically Valuable Tax 0.868 0.0005
Fisheries vs. Economically Valuable Ta 0.995 <0.0001
Eleuthera (n= 15)
Diversity vs. Fisheries 0.573 0.0256
Diversity vs. Economically Valuable Tax 0.497 0.0596
Fisheries vs. Economically Valuable Ta 0.837 0.0001
Andros (n= 21)
Diversity vs. Fisheries 0.579 0.006
Diversity vs. Economically Valuable Tax 0.420 0.058
Fisheries vs. Economically Valuable Ta 0.821 <0.0001

Benthic Surveys

On average, survey depth ranged from9.61400 cm with a meanof 88.8 cm (£76.0cm).

Mean substrate depth was44.7 cm (£53.4 cm) and ranged between-020 cm. Benthic

habitats in blocked creeks were dominated bynuddy substrates. Three species of seagrass,

Thalassia testudinum Syringodium filiforme and Halodule wrightii were observed during
assessments, but Staniard Creek and Lowe Sound were the only sites where all three

species were observed. The fleshy macroalgag&atophora ., dominated most sites and

was notably high at a few sites including Adelaide Village Road W (77.8%), 8illk + W9 1 1J1Jt LU
Bacardi Road SE (69.4%) and Weyss Bight (66.7%). Two species of calcareousacroalgae

y Halimeda sp. and Penicilus sp. y were also present at some sitesBenthic cover was

variable across sites except for Plum Creek Road Overwash (NWjillal & + L9 | 1JlandlW~ Y 2 q 6
Fresh Creek Causewaywhich were 100% bare.Habitat richness was greater in the
Deference Force Creek (i.e., RBDF Mouth and Mid) and Princess Cays S sites. Mizations

of site-level benthic cover across each of the three islandare presented inFigs 4.7T1 4.9.

Queenconch were only observed on Eleuthera and Andros, with sightings limited to Plum
Creek in Eleuthera andStaniard Mouthin Andros. No other economically or ecologically
important invertebrates were detected at surveyed sites on either island. In New Providence,
none of the target speciesy including queen conch, Caribbean spiny lobster, or long
spined sea urchins(Diadema antillarum)y were recorded on transect surveys.
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Figure 4.7 Map showing benthic cover composition across each survey site on New Providence
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Figure 4.8 Map showing benthic cover composition across each survey site on southern Eleuthera
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Figure 4.9 Map showing benthic cover composition across each survey site on Andros
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Discussion

Water quality

Water quality is criticalfor the health of mangroves and provides insight into environmental
and ecological fragmentation resulting from waterway blockagesMangrove ecosystems
may naturally experienceextremes in environmental conditions (e.g., temperature and
salinity) due to tidaland seasonalcycles as well asin the aftermath of storms. However,
these conditions can become exacerbated in blocked creekystems, which restrictor alter
hydrological connectivity and may lead to hypersaling(i.e., extremely salty), hypoxic (i.e.,
low dissolved oxygen)and/or anoxic (i.e., depleted dissolved oxygen)conditions. that are
unsuitable for marine Hyper- and hypo-salinity (i.e., salinity levels significantly above or
below typical seawater values of 3537 ppt) indicate restricted water exchange. Low
salinities reflect limited marine input, with rainfall or groundwater as the primary sources.
Conversely, elevated salinities suggest occasinal seawater exchange, minimal
groundwater contribution, and evaporation exceeding precipitation. In both cases,
restricted connectivity to the sea reduces habitat suitability for marine speciesife (Mattone
and Sheaves 2017)

Similarly, high turbidity signals siltation, often linked to poor flushing caused by blockages,
which can further degrade habitat quality. Low dissolved oxygen concentrations present an
additional stressor, as most aquatic species cannot tolerate hypoxicconditions. Such
oxygen depletion often reflects elevated microbial activity in water or sediments, posing
risks not only to aquatic organisms but also to human health.

We found a wide range of water qualiticharacteristics in the blocked creek systems
surveyed in this study.New Providence demonstrated a high degree of fragmentatiom

most creeks based on extreme low values of salinityi.e., fresh water) inupstream parts of

the creek system suggesting low tidal connectivity. Malcolm Creek, Yamacraw, Adelaide
andMillal & + W9 | 1J Nefrylbw @inél/at Bighlly Hriable salinity measurementsconsistent

with the severity of blockages that we described in Chapter 3. On Elethera, Red Pond and
Rock Sound bothhad extreme hypersaline conditions, suggestingotal fragmentation

coupled with evaporation. Andros Island waterways showed lower variability and less
evidence for extreme fragmentation, in line with findings showing free flowing watend

strong tidal connectionsin most assessed waterways.

Fishabundance and diversity
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Fishabundance anddiversity are known to vary naturally based on factors such as habitat
quality and complexity (Henderson et al. 2021), recruitment dynamics (Brosset et al. 2020),
natural mortality (Jgrgensen and Holt 2013), and proximity to reef habitats (Santamaria
Damién et al. 2023; Bradley et al. 2024). However, they can also be significantly influenced
by anthropogenic impacts such as habitat degradation, invasive species and fishing
mortality (Layman et al. 2004; Barbour et al. 201&toner et al.2018; Brooker et al. 2020
Palomares et al. 2020. We found thatfish diversity was significantly correlatedwith taxa of
fisheries importance across islands, but its relationship with economically valuable taxa
was only significant in New Providence (Tabld.5). New Providence was the only island
where all three variableswere significantly correlated This may be attributed to the smaller
sample size and/or more uniformity in the sites surveyedn New Providence, where most
waterways wereblocked by causeways or bridgesalongthe southern coastline of the island.

Conversely, there is more habitat variability across creeks in Eleuthera and Andros in terms
of spatial scale, extent of fragmentation and hydrological connectivity. Generally, creek
systems in Eleuthera (e.g., Deep Creek MPA system) and Andros (e.g., Lam&€reek) were
larger than those in New Providence and overall fish abundancand the abundance of
commercially important fishery species were greatest in Andros. However, intraspecific
differences in species composition and abundance exist. For example, abpite its spatial
extent, fish abundance was extremely variable in London Creek. Mean abundance was high
(84.5 individuals) at the mouth, but no fish were observed at London Bridgediring our
surveys, despite local fishing guides and community members repoihg sightings of
bonefish and several snapper species beneath the bridge at other timedntermittently
fragmented or blocked creeks may have more varied species diversity and abundance
compared to fully blocked or isolated creeks. Additionally, fisheies and economically
valuable taxa may concentrate in specific areas regardless of overapecies diversity.

Benthic habitat and species diversity

Benthic communities are crucial for functional and resilient mangrove creek systems
(Nagelkerken et al. 2008), but their composition can be variable (Mattone and Sheaves 2019).
Studies have shown that degraded systems tend to exhibit decreased species drggty and
abundance, leading to changes in trophic dynamics (e.g., Layman et al. 2004; Demopoulos
et al. 2024). In our study, &y invertebrate species were low to absent, while fleshy
macroalgae were prevalent across most blocked creeks in New Providence, Eleuthera, and
Andros. In addition, cyanobacterig which iscommonly associated with poor habitat quality
(e.g., low to no flow, lowdissolved oxygen elevated nutrients), was detected at four sites:

M
Il



Adelaide Village Road E and Adelaide Causeway E in New Providence, Davis Harbour SE and
Half Sound (Winding Bay Side) in Eleutherand Love Hill Bridge in Andras

Both queen conch and spiny lobster are heavily exploited for subsistence, commercial, and
recreational fisheries (Sherman et al. 2018). Due to high demand, conch populations have
declined across much of The Bahamas, particularly near densely populated aregSherman

et al. 2018 Stoner et al. 2018) Thismakes their complete ¢ Ht JURDWRUW Js WAl Y2
creeks unsurprising. Spiny lobster, a major export fishery for The Bahamas, is also in high
demand. However, harvesting of juveniles in mangrove creeks ikdly less common than for
juvenile conch. While mangroves serve as important nursery habitats for spiny lobster,
factors such as variable recruitment dynamics and larval survivorship are more likely to
influence their distribution and abundance thanlocal fishing pressurewithin creek systems
(Acosta & Butler 1997; Lipcius et al. 1997; Eggleston et al. 1998; Kough et al. 2013).
Additionally, reduced connectivity and differences in habitat quality particularly in
blocked or fragmented creeky may further affect recruitment success (Butler& Herrnkind
1997; Lipcius et al. 1997).

Conclusion

Water quality and the diversity and abundance of fish and benthic invertebrates largely
followed expected patterns based on the severity of blockages identified in Chapter.3
Mangrove creek systems on New Providencicluding Malcolm Creek, Yamacraw, South
Beach Pond, and Mithl K + W91 Wt AWe U1 WHI 3t Wt ! Red Baind adhdy U WWE @ 1J
Rock Soundthat had total or near-total blockages also hadindicators of poor or highly
variable water qualityincluding extreme high or low salinity, low dissolved oxygen and high
turbidity. Fish abundance and diversity also appeared to be related to patterns of
fragmentation, with abundance and diversity of commercially important fishes being
highest on Andros Island, where there are fewer anthropogenic impacts on waterways and
greater ecological connectivity.Commercially important invertebrates including conch and
spiny lobster were rare throughout the study sites and totally absent from New Providence.
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Chapter 5

Stories of changandcommunity
priorities fomangrovecreek
restorationin The Bahamas
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Introduction

Often, priorities for restoration projects are established by scientists and resource
managers with limited input from the communities and stakeholders who depend on
ecosystems for their safety, livelihoods and wellbeing This is despite the wealth of local
traditional knowledge that community members hold about the places where they live, work
and play, their firsthand experience ofhow these places have changedand their unique
perspectives on the feasibility andpotential impacts of proposed restoration actions.

Here weshow how local traditional knowledge can be pairedwith ecological inference to

help identify and prioritize blocked mangrove creek sites for restoratianWe first use a
participatory mapping methodology to engagelocal stakeholders on New Providence,
Andros, and Eleuthera to identify blocked creek systems, prioritize tha for restoration, and

to understand how community members use and value mangroves This method

acknowledges that local inhabitants often hold the most accurate knowledge of local
environments and offers community members the opportunity to communicate their
interests, perceptions, experiences, and expectations associated with a place (Laituri et .al
2023; Denwood et al 2022; IFAD 2022; NOAA 2015; Di Gessa 2008).

We also leveraged community-shared stories of environmental changes in local mangrove
areas to help identify values related to mangroves and potentialocial impacts of mangrove
restoration. Community narratives, such aspersonal and shared experiences of how
mangroves and human livelihoods have shifted, can offer a rich exploratioof social,
cultural, and emotional context to help frame the changes and impacts these communities
have experienced.

The approaches used in this chapteremphasize the importance of community inputand
narrative-driven data in helping to shape the focus and implementation of mangrove
restoration efforts, and wehope this project can serve as an example of implementing a co
design approach to incorporate community opinions and feedback throughout the life cycle
of a restoration and monitoring project

Methods

Community Prioritization

A co-design framework (Bowie et al. 2020, Hu et al. 2023) was utilized to engage community
members (Fig 5.1). Co-design, an approach focused on actively involving multiple target
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audiences in projects and to gain their perspectives on interventions, can help to
collaboratively address complex issues (Trischler et al. 2019, Bogomolova et al. 2020).i§'h
process allows stakeholders to contribute to the ideation process as active participants in
an efficient and equitable way.

Figure 5.1 Co-design framework.

Community meetings were held on each island between 2024 and 2025. This included two
meetings in New Providence (June 2024), three in Eleuthera (September 2004), and seven in
Andros (January 2025), as well aswo additional workshops in New Providence with
representatives fromlocal government, various Bahamian government agenciescademia,
non-governmental organizations, and consultants interested and/or involved in local
mangrove conservation and/or restoration work inThe Bahamas.The goals of these
meetings were to giveattendees an overview of the projecand approach, present findings

and next steps and providethem with an opportunity to ask questions andoffer feedback.

The meetings were also used as an opportunity to consudtttendees to validate and refine
creek blockages and threats identified via the desktop analysis, as well as tcsolicit
community input and perspectives onpaths forward for restoration of the creekareas.
Attendees were asked to consider how they would prioritize creeks for restoration, then
invited to engagean aparticipatory mapping activity. Participatory mapping is a collaborative
process in which community members and researchers work togetheand apply their
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