
BIG BELL ISLAND 
 
 

 

ENVIRONMENTAL IMPACT ASSESSMENT 
 

 

MARCH 2010 

(REVISED FEBRUARY 2011) 
 
 
 

 
TURRELL, HALL & ASSOCIATES, INC 

3584 EXCHANGE AVENUE, STE B 

NAPLES, FL 34104 



BIG BELL ISLAND, THE EXUMAS, BAHAMAS                           
Environmental Impact Assessment 

February 2011 
 

 1

TABLE OF CONTENTS 
 
 
EXECUTIVE SUMMARY         i 
 
 
CHAPTER 1   INTRODUCTION AND OBJECTIVES      1-1 
 

1.0 Objective of the Environmental Impact Assessment (EIA)  1-1 
1.1 Scope of the EIA       1-1 

 
CHAPTER 2   PROJECT DESCRIPTION AND ALTERNATIVES    2-1 
 

2.0 Detailed Description of Proposed Development   2-1 
2.1 Description of Alternatives to the Proposed Development  2-6 
2.2 “No Action” Alternative       2-8 

 
CHAPTER 3   AREA AND BOUNDARIES OF THE DEVELOPMENT    3-1 
 

3.0 Location of Site       3-2 
3.1 Site Boundaries       3-3 
3.2 Area of Influence       3-7 

 
CHAPTER 4   BASELINE DESCRIPTION OF THE DEVELOPMENT SITE   4-1 
 

PHYSICAL ASPECTS 
 

4.0 Climate, Including Major Events     4-1 
4.0.1 Precipitation        4-2 
4.0.2 Winds         4-2 
4.0.3 Storms         4-2 
4.1 Topography, Lithography, Pedology, Surface Characteristics, 
 Feature of Note       4-4  
4.2 Hydrology and Hydrogeology, Water Resources, Surface Waters,  
 Drainage, Flood-prone Areas      4-4 
4.3 Air Quality        4-5 
4.4 Noise Pollution       4-5 

 
BIOLOGICAL  ASPECTS       

 
  4.5 Terrestrial Habitats       4-6 
   Habitat 1: Coastal Coppice     4-7 
   Habitat 2: Buttonwood Fringe     4-8 
   Habitat 3: Salt Pond      4-9 
   Habitat 4: Rocky Shoreline     4-10 
   Habitat 5: Casuarina      4-11 
   



BIG BELL ISLAND, THE EXUMAS, BAHAMAS                           
Environmental Impact Assessment 

February 2011 
 

 2

  4.5.1 Terrestrial Wildlife Observations     4-13 
  4.6 Caves and Blue Holes       4-14 
  4.7 Aquatic Habitats, Fresh and Saline Wetlands    4-14 
  4.8 Marine Habitats       4-14 
   Habitat 1: Rocky Subtidal     4-16 
   Habitat 2:   Sand Flats      4-17 
   Habitat 3:  Seagrass Sand Flat     4-18 
  4.8.1 Marine Wildlife Observations      4-19 
  4.8.2 Marine Habitats Further Described     4-21 
  4.9 Biodiversity Including Protected Species of Animals, Birds, 
   and Plants        4-26 
  4.10 Uses of Biodiversity       4-28 
  4.11 National Parks, Protected Areas, and Marine Reserves 

within the Area of Influence      4-28 
 
  SOCIOECONOMIC  ASPECTS 
 
  4.12 Adjacent Communities      4-29 
  4.13 Existing Opportunities for Employment    4-29 
  4.14 Present Land Use       4-29 
  4.15 Transportation, Docks, Roads, and Airports    4-29 
 
  CULTURAL ASPECTS 
 
  4.16 Historical Overview       4-30 
  4.17 Archaeological and Historic Resources    4-32 
  4.18 Paleontological Resources      4-32 
  4.19  Tourist and Recreational Areas     4-32 
  4.20 Aesthetics and Visual Impacts     4-32 
  4.21 Community Organizations      4-32 
   

PROVISION OF SERVICES 
 
4.22 Potable Water        4-33 

  4.23 Sewerage and Wastewater      4-33 
  4.24 Roads         4-33 
 
  LEGAL AND  REGULATORY 
 

4.25 Pertinent Laws and Regulations, Including the Antiquities,  
 Monuments and Museums Act     4-34 

  4.26 Government Agencies Involved in Permitting and Licensing 4-35 
 
CHAPTER 5   ENVIRONMENTAL IMPACTS       5-1 
 

5.0 Methodology for the Impact Assessment    5-1 
 



BIG BELL ISLAND, THE EXUMAS, BAHAMAS                           
Environmental Impact Assessment 

February 2011 
 

 3

IMPACTS TO THE PHYSICAL ENVIRONMENT 
 
5.1 Erosion, Sedimentation Impacts     5-2 
5.2 Viewscape Impacts       5-4 
5.3 Hydrologic Impacts       5-4 
5.4 Air Quality Impacts       5-5 
5.5 Noise Impacts        5-5  
5.6 Solid, Liquid, and Hazardous Waste Impacts    5-5 
5.7 Fire and Hurricane Risks      5-5  
 
BIOLOGICAL  IMPACTS 
 
5.8 Habitat Loss and Degradation Impacts    5-6 
5.9 Habitat Fragmentation Impacts     5-9 
5.10 Biodiversity Impacts       5-9 
5.11 Marine Resource Impacts      5-9 
5.12 Impacts on Special Features, Such as Caves and Blue Holes  5-10 
 
SOCIOECONOMIC  IMPACTS 
 
5.13 Land Use Impacts       5-11 
5.14 Impacts on Neighboring Communities    5-11 

  5.15 Population Relocation Impacts     5-11 
  5.16 Traffic Impacts, Including Marine and Air Impacts   5-11 
  5.17 Economic Impacts       5-12 
  5.18 Aesthetic and Visual Impacts      5-12 
 
  CULTURAL IMPACTS 
 
  5.19 Losses of Archaeological, Historic, and Paleontological 
   Resources        5-13 
  5.20 Preservation of Resources      5-13 
 
CHAPTER 6   PROPOSED MINIMIZATION AND MITIGATION MEASURES   6-1 
 

6.0 Casuarina Removal       6-1 
6.1 Marine Mitigation Commitments     6-1 
6.2 Long-term Mitigation Commitments     6-2 

  
CHAPTER 7   ENVIRONMENTAL MANAGEMENT PLAN     7-1 
 
CHAPTER 8   CONCLUSIONS         8-1 
 
 
 
 
 



BIG BELL ISLAND, THE EXUMAS, BAHAMAS                           
Environmental Impact Assessment 

February 2011 
 

 4

FIGURES  
 
Figure 0.1 Southern Portion of the Exuma Cays Land and Sea Park   i 
 
Figure 2.1 Project Areas         2-1 
 
Figure 2.2 Yacht Basin Site Plan        2-2 

 
Figure 2.3 Barge Landing  Site Plan       2-4 
 
Figure 2.4 Barge Landing Dredge Reductions      2-7 
 
Figure 3.1 The Exumas         3-1 
 
Figure 3.2 Big Bell Island and Surroundings      3-2  
 
Figure 3.3 Big Bell Island Project Limits       3-3 
 
Figure 3.4 Limits of Private Yacht Basin Project Area     3-4 
 
Figure 3.5 Limits of Utility and Storage Expansion Area     3-4 
 
Figure 3.6 Dredge Plan         3-5 
 
Figure 3.7 Casuarina Removal Area       3-6 
 
Figure 3.8 Southern Portion of the Exuma Cays Land and Sea Park   3-7  
 
Figure 4.1 Aerial photograph of the Bell Island salt pond.    4-5 
 
Figure 4.2 Typical coastal coppice habitat.      4-7 
 
Figure 4.3 Buttonwood fringe habitat.       4-8 
  
Figure 4.4 Big Bell salt pond.        4-9 
 
Figure 4.5 A typical rocky shoreline habitat.      4-10 
 
Figure 4.6 The casuarina stand to the northwest of the proposed basin.   4-11 
 
Figure 4.7 The short-billed dowitcher is shown above.     4-13 
 
Figure 4.8 Dive Transect Map        4-15 
 
Figure 4.9 A small coral head located outside of the dredge area.    4-16 
 
Figure 4.10 Shoreline near the proposed basin entrance.     4-16 
 
Figure 4.11 The barge landing entrance channel, depicting fuzzy finger algae  

and barracuda.        4-17 
 



BIG BELL ISLAND, THE EXUMAS, BAHAMAS                           
Environmental Impact Assessment 

February 2011 
 

 5

Figure 4.12 Typical seagrass habitat exhibiting turtle grass and manatee grass.  4-18 
 
Figure 4.13 A turtle grass bed.        4-18 
 
Figure 4.14 Marine Habitat Maps        4-22/23 
 
Figure 4.15 Exuma Cays Land and Sea Park signage.     4-30 
 
Figure 4.16 Pirates Lair sign on Warderick Wells Cay     4-31 
 
Figure 5.1 Private Yacht Basin Upland Impacts      5-6 
 
Figure 5.2 Utility and Storage Area Upland Impacts      5-7 
 
Figure 5.3 Dredge Area Impacts         5-8 
 
Figure 8.1 Barge Landing Dredge Reductions      8-2 
 
 
 
TABLES 
 
Table 4-1 Average Climatic Data for the Bahamas (Nassau Airport 
  Meteorological Statistics)       4-1 
 
Table 4-2 Number of Tropical Storms and Hurricanes Passing within  

200 Miles of Eleuthera        4-3 
 
Table 4-3 Floral Species Inventory       4-12 
 
Table 4-4 Underwater Species List       4-19 
 
 
 
EXHIBITS 
 
Exhibit 1 Private Yacht Basin Site Plan 
 
Exhibit 2 Barge Landing / Service Dock, Utility and Storage Expansion Site Plan 
 
Exhibit 3  Dredge Plan 
 
Exhibit 4 Casuarina Removal Area 
 
Exhibit 5 Dive Transect Map 
 
Exhibit 6 Private Yacht Basin Upland Impacts  
 
Exhibit 7  Utility and Storage Area Upland Impacts 
 
Exhibit 8 Marine Habitat Maps 



BIG BELL ISLAND, THE EXUMAS, BAHAMAS                           
Environmental Impact Assessment 

February 2011 
 

 6

Exhibit 9 Marine Habitat - Coral 
 
Exhibit 10  Coral Protection Plan 
 
Exhibit 11 Barge Landing Dredge Reductions 
 
Exhibit 12 Habitat Analysis Exhibits For Impact Areas for Craig Dahlgren, PhD 
 
 
 
APPENDICES 
 
Appendix I Big Bell Island Flushing Memo 
 
Appendix II  “Bell Island and two neighboring salt ponds: A study of their characteristics” 
 
Appendix III “Reconnaissance of Proposed Channel and Dockage Sites: Bell Island, Exumas” 
 
Appendix III  “Reconnaissance of Proposed Channel and Dockage Sites: Bell Island,  
(Supplement)  Exumas” Revised Feb. 12, 2011 
 
Appendix IV Bahamian Invasive Species 
 
Appendix V Cited References 
 
Appendix VI Resumes of Personnel Involved in the EIA 
 
Appendix VII Habitat Mapping and Biological Assessment of Marine Resources Around Bell  
 Island, Bahamas by Craig Dahlgren 
 
Appendix VII   Habitat Analysis Exhibits For Impact Areas for Craig Dahlgren, PhD 
(Supplement) 



BIG BELL ISLAND, THE EXUMAS, BAHAMAS                                                                

Environmental Impact Assessment 

February 2011 

 

i 

EXECUTIVE SUMMARY 

Project Overview, Location, Nature of the Development 

Big Bell Island is located in the Exuma Cays of the central Bahamas.  More specifically, the island is 

found within the Exuma Cays Land and Sea Park, as depicted below.  

 

Figure 0.1 Southern Portion of the Exuma Cays Land and Sea Park 

The project described herein consists of a private yacht basin, excavated from a small salt pond and 

capable of accommodating approximately twenty vessels.  The yacht basin will offer fueling, sewage 

pumpout, electric, and water services.  In addition, improvements will be made to the service dock / 

barge landing area, as well as, a small existing utility and storage area.  The channel to the proposed 

yacht basin will be dredged to maintain the safe depth of -14 feet mean low water (MLW).  Additional 

improvements on the island will include modifications and additions to the existing upland structures 

and road network. 

 



BIG BELL ISLAND, THE EXUMAS, BAHAMAS                                                                

Environmental Impact Assessment 

February 2011 

 

ii 

Environmental Impacts Analyzed 

The entirety of the 349 acre island is in private ownership.  Within that area, the impacts of the 

proposed development are limited to less than 5 acres of natural area, which consists primarily of 

coastal coppice and salt pond habitat.  The private yacht basin entrance channel and barge landing / 

service dock area will entail impacts to approximately 4.8 acres of benthic habitat.   

Environmental impacts include changes in land cover and land use as well as losses of flora and fauna 

through landclearing, dredging of the basin, improvements to the service dock / barge landing, 

expansion of the utilities and storage area “back of house”, improvements and additions to the existing 

upland structures and road network, creation of the access channel, and construction of protective 

jetties.  Temporary impacts related to construction work consist of increased noise, people, and 

sediment transport and possible deposition in terrestrial and marine communities.   

Positive aspects of the project include eradication of a large casuarina stand, socio-economic benefits, 

marine habitat creation (breakwaters), a native plant nursery, and revegetation plans to use native flora 

in landscaping.  

Significant Environmental Impacts Mitigated to Levels Below Significance 

Mitigation efforts include, but are not limited to: 

• methods to minimize adverse impacts of construction work through turbidity management and 

sediment control. 

• commitment to promote best management practices for the yacht basin and “back of house” 

area.  

• a native plant nursery to revegetate, landscape, and promote native plant use on the island. 

Environmental Management Plan 

To operate the project in a manner that maintains environmental considerations in the highest regard, 

an Environmental Management Plan (EMP) will be developed and implemented.  This plan will 

include, but is not limited to: 

• detailed construction guidelines including mitigation measures to be followed both during and 

after construction. 

• any monitoring requirements necessary to insure compliance with construction guidelines 

• emergency measures. 

• post-construction operation details. 

Details will be coordinated and finalized with the Ministry of the Environment and the Bahamas 

National Trust once approvals are in place and the plan is a true reflection of the final project design 

and the expected as-built conditions.   
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CHAPTER 1 INTRODUCTION AND OBJECTIVES 

1.0  Objective of the Environmental Impact Assessment (EIA) 

This Environmental Impact Assessment (EIA) is being provided to assess and quantify impacts to the 

physical, biological, and socio-economic environment that may result from the planned private yacht 

basin and service dock / barge landing and other improvements proposed on Big Bell Island.  The 

purpose of an EIA is to accurately and objectively characterize and quantify natural resources present 

on the site and to reasonably describe expected changes that might result.  The EIA provides details on 

potential negative impacts and positive improvements including removal of non-native exotic plant 

species and the preservation of protected plant species 

Environmental Impact Assessment reports are a prerequisite for development approval and an 

important natural resource management tool in the Bahamas.  In the absence of additional regulatory 

mechanisms, the EIA is the most important method to achieve development that is sensitive to the 

unique natural resources of the country while allowing sustainable economic growth.  The EIA 

process, through mapping and habitat survey, can allow better planning and locating of proposed 

development.   

1.1  Scope of the EIA 

The scope of the current report is limited to the immediate vicinity of the project area in terms of:  

• its physical and biological concerns. 

• the socio-economic aspects. 

• the Exumas specifically. 

• and the country of the Bahamas as a whole.   

Effects on migrating fauna have not been considered except where indicated.  Impacts are those which 

can be reasonably inferred given the nature of the development and subject site and are based on 

experience with similar projects.  Long-term monitoring was not part of the data gathering for this 

report.  Most data gathered for this report was obtained for assessment and establishment of baseline 

conditions.  Thus, species may use the site that were not observed during the fieldwork period.  Sincere 

attempts have been made to consider long-term and wider geographical scale in the consideration of 

impacts. 
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CHAPTER 2 PROJECT DESCRIPTION AND ALTERNATIVES 

2.0  Detailed Description of Proposed Development 

The Big Bell Island project is composed of the expansion of an existing utility and storage area, and 
improvements to an existing service dock / barge landing.  A private yacht basin, excavated from the 
salt pond, will be constructed and offer fueling, sewage pumpout, electric, and water services for up to 
approximately 20 vessels.   

 
Figure 2.1  Project Areas 

 
Yacht Basin 
 
The private yacht basin will be created for vessels up to 50+ meters in length.  Depths in the basin will 
be cut to approximately -14 feet below Mean Low Water (MLW).  The basin will be excavated from 
the shallow salt pond in the southeast corner of the Island.  Excavation will be carried out with 
backhoes.  Beach compatible material will be stored and used for beach replenishment.  Non-beach 
compatible material will be utilized to assist in the construction of the protective jetties; though it is 
likely that a harder rock, possibly acquired in Freeport, Grand Bahama, will also be used.   
 
Excavation of the yacht basin will be done in the dry to prevent turbidity and tidal fluctuations.  
Dewatering will be carried out through the utilization of deep well injection, as used successfully at 
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Albany.  Basin docks may be concrete floating or fixed.  It is likely that both systems will be utilized.  
Any wood CCA piling used will be wrapped with polyvinyl chloride (PVC) to prevent leaching of 
preservatives into tidal waters, while extending the life of the pilings.  The basin was designed with an 
optional flushing culvert to be located west of the entrance channel.  Modeling exhibited that the 
flushing culvert would not be needed due to the adequate flushing of the basin within 24 hours. 
 

 
 

Figure 2.2  Yacht Basin Site Plan (Exhibit 1) 
 
An access channel initiated off of the southeast most point of the island will be dredged to meet -14 
feet MLW.  The basin entrance will be protected by the installation of a riprap jetty, constructed with 
the dredged rock from the basin excavation and/or harder rock from Freeport, Grand Bahama.  This 
jetty will help divert water flow, thus reducing the possibility of sand accretion within the proposed 
channel and thereby reducing future maintenance dredging.  Where the jetty ties into the natural wall 
of the basin, sawtooth rock contours or rip-rap will be used to further dissipate wave energy within the 
basin entrance.  The channel will be cut to a minimum of 80 feet at bottom width.  Harder rock will be 
box cut and where overlaying sand is found, edges will be dug at an approximate 10:1 slope away from 
the channel.   
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The jetties on Big Bell Island will feature a centerline-planting shelf.  The top of the breakwater will be 
at +5 feet MSL with a crest width of at least 12 feet, leaving planters approximately 20 feet long, 6 feet 
wide, and 4 feet deep.  The vegetation sources will include the Bell Island Native Plant Nursery, which 
is described in detail in Section 3.3.1 of Chapter 3.  The use of native and island-grown species will 
reduce aesthetic pollution in the Exumas Park.  Salt tolerant plants will be used and drip irrigation will 
be installed to ensure success. 
 
In an effort to maintain marine safety in the Exumas Park, navigational lights will be placed at the 
entrance to the yacht and barge landing basins to aid the array of vessels servicing Bell Island. A 
combination of warning lights at each jetty and buoy placement will also be utilized for safety.  A 
service road will be provided to each jetty for maintenance access.  All navigational aids will be 
maintained in good working order. 
 
Power will be supplied to the yacht basin by upgrading the existing generators located in the island’s 
utility and storage area.  Water needs will be supplied by an upgraded version of the existing reverse 
osmosis (RO) system, also situated within the utility and storage area.  Sewage pumpout will be 
provided to each of the larger vessels that generate black or grey water.  A vacuum system will be used 
to pump the wastewater into a septic tank located in the vicinity of the basin with an associated deep 
well, as permitted by Water and Sewerage Corporation.  Fueling will be supplied via an underground 
double walled pipe, originating in the utility area adjacent to the barge landing.  All details of the fuel 
storage and transmission line will be reviewed and permitted by The Ministry of Works, Volatile 
Division.  Proper fueling procedures will be posted and followed.  This will include identification of 
emergency shutoff locations and training of all applicable personnel in spill prevention and the proper 
handling and delivery of fuel to vessels.  Personnel will be trained in the use of spill containment 
booms and clean-up materials, which will be kept on site both at the yacht basin and the barge landing.  
Vessel repair activities will not take place within the yacht basin.  
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Service Dock / Barge Landing Improvements 
 
The service dock improvements include the construction of a new marginal dock protected by a 
breakwater to provide safe mooring.  The current configuration of the service dock is not conducive of 
safe boarding or loading/offloading of materials.  The proposed boatlifts will alleviate much of the 
deterioration of the work fleet; thus, minimizing the need for boat repair while reducing the release of 
pollutants within the service dock / barge landing area.  The reconfigured service dock will be 
sheltered through the utilization of a natural rock breakwater, extending from the south side of the 
barge landing, and a small rock outcropping tied into the natural rock shoreline on the north side.  The 
breakwater will feature a centerline planter shelf.  The top of the breakwater will be at +6 feet MSL 
with a crest width of at least 12 feet, leaving planters approximately 20 feet long, 6 feet wide, and 5 
feet deep.  The vegetation sources will include the Bell Island Native Plant Nursery, which is described 
in detail in Section 3.3.1 of Chapter 3.  Salt tolerant plants will be used and drip irrigation will be 
installed to ensure success. 
 

Figure 2.3  Barge Landing Site Plan (Exhibit 2) 
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The existing barge landing area will be improved by constructing a new concrete landing platform with 
a 20 foot wide boat ramp situated to the south.  The new landing will be cut into the soft rock of the 
island’s rocky shoreline.  Existing overwater fuel pumps will be relocated to the protected barge 
landing area, thus reducing spill potential.  In addition to the relocation of the existing pumps, high 
speed diesel pumps will be incorporated into the fueling system.  The majority of the service dock / 
barge landing area will be dredged to -9 feet MLW, which is 3 feet shallower than the depth originally 
proposed in the EIA, and some areas, will only be dredged to -7 MLW.  These reductions in dredge 
depth decrease the dredge area by 160,520 sq ft and the volume by 30,377 cu yds.  With the 
submission of the final plan, an additional area of dredging adjacent to the breakwater was eliminated 
and the area in front of the boat ramp was further reduced to -5 ft MLW.  This reduced the dredge 
volume an additional 830.6 cu yds. 
 
Overall the offshore dredging of the Barge Landing area has been reduced by 31,041.8 cu yds less than 
what was originally submitted in the March 2010 EIA.  This equates to a 72% total Barge Landing 
dredge volume reduction. 
 
Utility and Storage Area Expansion 
 
The current utility and storage area will be expanded in the same general vicinity and built into the 
rock face of the adjacent hill. The proposed expansion will increase the “back of the house” 
capabilities with additional fuel tanks, storage, and power generation equipment.   
 
Road Network and Other Improvements 
 
A proposed limestone road will meander along the south side of the island from the main house to the 
yacht basin.  A policy decision was made to build, modify, and or close roads so as to avoid any 
gradient above 7% through out the Island’s road network.  This policy will include efforts to reduce 
existing or new cut and fill on the Island, reduce scarring, reduce the amount of new landscaping that 
will be required, as well as, reduce vehicular gas emissions.  The exact footprint of the road network 
will be field-located so that negative impacts to mature and protected species are avoided to the 
greatest extent possible and areas of interest are highlighted.    
 
A small, but important native plant nursery has been incorporated into the Island’s project plan.  The 
proposed native plant nursery is currently planned to be located in the vicinity of the casuarina removal 
area.  The final design of the nursery will be contingent on factors such as landscape management 
needs, access, elevation, exposure, orientation, aesthetics, and conservation of existing native plant 
communities.   
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2.1  Description of Alternatives to the Proposed Development 
 
An initial consideration was proposed to locate the basin directly behind one of the crescent beaches on 
the islands eastern side.  The preliminary layout would have increased upland impacts to the coastal 
coppice immensely.  This would have correlated to greater ramifications to the local wildlife currently 
utilizing this habitat.  In order to gain access to the basin, a channel would have been cut directly thru 
existing seagrass beds and sand beaches.  The combination of these two habitats are pivotal to the life 
cycle of the protected queen conch (Strombus gigas).  The photo below, taken at a near by beach, 
exhibits the species utilization of the sensitive areas.  This alternative was rejected on the basis that it 
would have created unnecessary environmental impacts. 
 
The plan proposed in the original EIA submittal, dated March 2010, consisted of a more intensive 
dredge footprint and significantly deeper dredge depths.  The following is a detailed description of 
changes made to the originally submitted dredge areas and volumes associated with the Big Bell Island 
project.  A dredge reduction exhibit is also attached to provide further illumination.   
 

 
Barge Landing Reductions 

 

Design Phase 
 

Dredge Depths 
(ft. MLW) 

Dredge Area 
(sq ft) 

Difference in 
Area from March 
2010 EIA (sq ft) 

Dredge Volume 
(cu yds) 

Difference in 
Volume from 

March 2010 EIA 
(cu yds) 

 March 2010 EIA -12 ft 269,341.00 N/A 43,279.00 N/A 
Jan 2011 Revised 

EIA / EMP -9, -7 & -5 ft 95,045.60 -174,295.40 12,237.20 -31,041.80 

 
Yacht Basin Reductions 

 

Design Phase 
 

Dredge Depths 
(ft. MLW) 

Dredge Area 
(sq ft) 

Difference in 
Area from March 
2010 EIA (sq ft) 

Dredge Volume 
(cu yds) 

Difference in 
Volume from 

March 2010 EIA 
(cu yds) 

 March 2010 EIA -14 ft 110,890.00 N/A 31,195.10 N/A 
Jan 2011 Revised 

EIA / EMP -14& -8 ft 111,956.40 1,066.40 31,128.50 -66.60 

 
Barge Landing Dredging 
• The original dredge area and depth were established to provide yacht access into the barge 

landing fuel area. Big Bell eliminated the need for yacht access into the barge landing for 
fueling by providing fueling within the yacht basin instead.  As a result, the needed dredge 
depth of the barge landing area was reduced from -12 ft MLW to -9 ft MLW and the dredging 
proposed at the northwestern tip of the island was eliminated altogether.  This change in the 
project concept greatly reduced the amount of spoil to be exported from Bell Island.  To further 
reduce the needed dredging, the area under the docks and area leading to the boat ramp were 
also reduced to -7 ft MLW.  

 
o The plan alterations described above decreased the barge landing dredge volume total 
 by 30,211.20 cu yds.  
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• With further revisions to the final plan, an additional area of dredging adjacent to the 
breakwater was eliminated and the area in front of the boat ramp was reduced to -5 ft MLW.  

 
o These plan alterations reduced the dredge volume by an additional 830.60 cu yds. 

  
• Overall, the offshore dredging of the Barge Landing area has been reduced by 31,041.80 cu yds 

from what was originally submitted in the March 2010 EIA.  This equates to a 72% total 
reduction in Barge Landing dredge volume. 

 

Total Dredge Reduction 

Design Phase 
Area/Volume % 
Reduction from 

EIA 

Dredge Area 
(sq ft) 

Difference in Area 
from March 2010 

EIA (sq ft) 

Dredge 
Volume  
(cu yds) 

Difference in 
Volume from 

March 2010 EIA 
(cu yds) 

 March 2010 EIA N/A 380,231.00 N/A 74,474.10 N/A 
Jan 2011 Revised 

EIA / EMP 46 / 42 207,002.00 -173,229.00 43,365.70 -31,108.40 

* Upland excavation was excluded from this comparison 
 

Offshore Dredging 
• Total offshore dredge volume has been reduced by 31,108.4 cu yds from what was originally 

submitted in the March 2010 version of the EIA.  This equates to a 42% total reduction in 
offshore dredge volume.  Additionally, total project offshore dredge area has been reduced by 
173,229.00 sq ft from what was originally submitted in the March 2010 version of the EIA, 
which means a 46% total dredge area reduction. 

 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 Figure 2.4    Barge Landing Dredge Reductions (Exhibit 11) 
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A detailed study was carried out in order to ascertain whether or not there is ecological importance, 
biological uniqueness, biodiversity and/or productivity within the salt pond located on Big Bell Island.  
The habitat was investigated to determine if the pond would be a feasible site to create a sheltered 
basin by dredging and opening the basin to flushing from the sea.  It was concluded that this particular 
pond does not provide a unique habitat.  The full report of “Bell Island and two neighboring salt ponds: 
A study of their characteristics” is included for review as Appendix II.  
 
Hydraulic dredging was considered for this project; however, it was concluded that mechanical 
dredging would be more easily contained.  Hydraulic dredging was determined to be more impactive 
than mechanical dredging for various reasons described below.  It would require more open land than 
is available in the yacht basin or on the island, requiring removal of a large area of natural vegetation. 
 This land would need to be cleared for the settling ponds since hydraulic dredges pump mostly water 
which is mixed with sediment that needs time to settle out, thus requiring large settling ponds.  Even 
after settlement, water is returned to the sea often with remaining turbidity.  An additional problem is 
the introduction of salt water in the settling ponds which could affect the sparse groundwater resources. 
 
Mechanical dredging does not require the settling ponds that hydraulic dredging requires and can be 
done in a much smaller area of upland impact.  Turbidity can be controlled with berms and turbidity 
curtains, in this case possibly more safely than with a hydraulic dredge.  Mechanical dredging is less 
prone to catastrophic failures, such as blown out pipelines, that can have negative consequences with 
large releases of sediment laden water in one area at one time. 
  

2.2  "No Action" Alternative  

A “no action” alternative also has legal and constitutional implications which are beyond the scope of 
this study and have not been addressed other than to note that Big Bell Island was one of several 
islands which had already been granted as private property before the creation of the BNT Exuma Cays 
Land and Sea Park (ECLSP) lease.  These private property rights, which would include some 
reasonable development, and private accessibility are preserved. 
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CHAPTER 3 AREA AND BOUNDARIES OF THE DEVELOPMENT 

 

 

Figure 3.1  The Exumas 
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3.0 Location of Site  

Big Bell Island is located in the Exuma Cays of the central Bahamas.  The 349 acre island lies on the 

eastern edge of the Great Bahama Bank, near the southern end of the Exuma Cays Land and Sea Park. 

Islands to the north and south are O’Brien’s Cay and Little Bell Island, respectively.  Big Bell Island is 

fringed by O’Brien’s Cut, a deep pass, on the north.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.2  Big Bell Island and Surroundings 
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3.1  Site Boundaries 

The boundaries of the site are defined by the limits of the approximately 349 acre island.  The project 

area will include the proposed development of the private yacht basin and channel, improvements to 

the service dock / barge landing area and channel, and the related utilities and storage area, all of which 

will entail less than 5 acres of direct impacts to upland or salt pond areas.  These areas are depicted in 

Figures 3.3, 3.4, and 3.5 (identified with white outline).  Dredging impacts associated with the barge 

landing / service dock and the yacht basin access channel will occur within 4.8 acres of sand flat 

marine habitat.  These areas are depicted in Figure 3.6 and discussed in further detail in Chapter 5.  

The casuarina area, displayed as Figure 3.7, will consist of 2.7 acres of casuarinas to be removed and 

the land ecologically restored.   

 

Figure 3.3  Big Bell Island Project Limits 
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Figure 3.4  Limits of Private Yacht Basin Project Area 

 

 

 

Figure 3.5  Limits of Utility and Storage Expansion Area 
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Figure 3.6  Dredge Plan 

   (Exhibit 3)  
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Figure 3.7  Casuarina Removal Area  

  (Exhibit 4) 
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3.2  Area of Influence 

Environmental impacts of the proposed work are considered to be predominantly local, within the 

island boundaries, and temporary in nature.  In socio-economic terms, the project will likely have a 

positive influence on the Exumas through the creation of additional jobs and the need for services 

generated.  Additional employees for the Island may come from the Black Point settlement which is 

located on Great Guana Cay approximately 17 miles to the southeast.  It is the largest settlement in the 

area.  See the illustrations of the Exumas, Figure 3.1, and the southern portion of the Exuma Cays Land 

and Sea Park, Figure 3.8.  

 

Figure 3.8  Southern Portion of the Exuma Cays Land and Sea Park 



BIG BELL ISLAND, THE EXUMAS, BAHAMAS                        
Environmental Impact Assessment 

February 2011 
 

4-1 

CHAPTER 4 BASELINE DESCRIPTION OF THE DEVELOPMENT SITE 

PHYSICAL ASPECTS 

4.0  Climate, Including Major Events 

The Bahamian Islands stretch for over 700 miles with a land mass of 2,300 square miles.  They cover a 
marine area of over 5,000 square miles.  The islands lie within the tropical and sub-tropical climatic 
belts.  As a consequence, the weather systems are dominated by the influence of the trade winds and 
the surrounding ocean.  Essentially two seasons are experienced.  The wet season occurs in the summer 
and the dry season occurs in the winter.  Typical rainfall and temperature data is provided in Table 4-1.  
Annual rainfall for the Exumas is estimated at 53 inches (BEST, 1995). 

The center of the summer trade winds shift to the north so that the Bahamas lie closer to the southern 
border of the trade wind belt and almost constant, moisture-laden breezes blow from the east or south-
east.  In winter the trade winds shift southward and the winds are less constant.  Weather is then more 
influenced by fronts advancing from the North American continent, sometimes twice weekly.  This 
brings cooler conditions although temperatures never reach freezing, due to the fact that they are being 
moderated by the surrounding waters.  Cold fronts are typically preceded by winds from the southwest, 
which clock to the west, then northwest, as the front passes with strong winds of 20-25 knots and 
cooler air.  In general terms, winds are predominantly southeast during the summer and northeast 
during the winter.  

Historical meteorology for the site is based on data collected at the Nassau Airport on New Providence 
Island.  The airport is approximately 65 nautical miles from the property and is generally 
representative of typical conditions.  Table 4-1 presents meteorological statistics for temperature, 
precipitation, wind, barometric pressure, relative humidity, wind, and sunshine.  Information from 
Nassau was utilized because The Greater Exumas weather records were not readily available.  
 
The monthly mean temperature ranges from 70.7°F to 82.5°F.  The mean daily minimums range from 
62.1°F to 74.8°F, while the mean daily maximums range from 77.3°F to 89.3°F.  The data reflects the 
temperate climate of the Bahamas with a narrow fluctuation in air temperature. 
 
 
Table 4-1:  Average Climatic Data for The Bahamas (Nassau Airport Meteorological 
Statistics) 

 Units Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Temperature Statistics              
Monthly Mean ** °F 70.7 70.9 72.6 74.9 77.8 80.6 82.1 82.5 81.5 79.1 75.2 72.1
Mean Daily Maximum °F 77.3 77.5 79.7 81.8 84.6 87.3 89.1 89.3 88.4 85.4 81.8 78.7
Mean Daily Minimum °F 62.1 62.5 63.8 66.2 69.8 73.3 74.7 74.8 74.4 71.9 68.0 63.8
Hourly Means              
07h °F 65.9 66.2 68.1 71.2 75.9 79.4 80.6 80.2 78.5 75.7 71.4 67.5
13h °F 75.2 75.4 77.5 79.5 82.1 84.6 86.6 86.7 85.6 83.2 79.8 76.6
Highest Maximum °F 86.4 88.7 87.8 91.2 92.3 93.2 93.4 95.4 93.2 91.8 90.0 86.7
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 Units Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Lowest Minimum °F 41.4 45.8 44.6 48.6 55.5 59.0 64.2 64.4 59.5 56.0* 51.0* 41.5
Mean Dew Point °F 62.6 62.6 63.5 64.9 69.6 73.5 74.6 75.0 74.7 71.8 67.6 64.0
              
Rainfall Statistics              
Rainfall Monthly Total Inches 1.86 1.59 1.57 2.12 4.58 9.17 6.21 8.5 6.75 6.91 2.23 2.04
Maximum Rainfall/Day Inches 4.62 3.47 3.48 11.23 3.48 6.55 4.08 6.23 5.31 8.07 2.68 4.64
Number of Days  8 6 6 5 10 15 17 18 17 16 9 8 
              
Other Statistics              
Pressure mmHg 19.6 19.3 20.2 21.1 24.5 28.1 29.3 29.5 29.2 26.4 23.1 20.6
Mean R. H. % 78 78 76 74 77 79 77 79 81 80 78 78 
Mean Wind Speeds MPH 8.0 8.6 8.9 8.3 7.9 7.2 7.1 6.9 6.2 7.4 8.1 7.8 
Sunshine Mean Daily Hours 7.1 7.6 8.3 9.2 8.7 7.7 8.8 8.6 7.1 7.2 7.4 6.9 
*Occurred outside the 30-year means 1961-1990 
**Period of record:  1874 to 1987 
Highest/lowest temperature on record: 95.4°F High; 41.4°F Low 
 

4.0.1 Precipitation  

The data indicates that the highest rainfall occurs during the summer and early fall months.  Of the 
total average rainfall of 53 inches per year, more than two-thirds of it, 38 inches, falls from June 
through October. 
 

4.0.2 Winds 

The mean wind speeds do not appear to vary significantly on a monthly basis.  The average monthly 
wind speeds vary from 6.2 mph in September to 8.9 in March.  The highest average winds are 
experienced during the late fall and winter months (Table 4-1). 
 

4.0.3 Storms 

The Exumas in their entirety and Big Bell Island specifically are within the Atlantic Tropical Cyclone 
basin.  This basin includes much of the North Atlantic, Caribbean Sea, and the Gulf of Mexico.  On 
average, six (6) to eight (8) tropical storms form within this basin each year.  The 2004/2005 hurricane 
season produced significantly higher than average activity.  The formation of these storms and possible 
intensification into mature hurricanes takes place over warm tropical and subtropical waters.  Eventual 
dissipation or modification, averaging seven (7) to eight (8) days later, typically occurs over the colder 
waters of the North Atlantic or when the storms move over land and away from the sustaining marine 
environment. 
 
Due to the destructive nature of these storms, landfall can result in significant damage to upland 
development and facilities from storm surge, waves, and wind.  A good example of this would be 
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Hurricane Frances which formed in 2004.  Table 4-2 lists the number of tropical storms and hurricanes 
that passed within 200 miles of the project area over the past 20 seasons including 1987 through 2007 
as reported by the National Oceanic and Atmospheric Administration (NOAA) Coastal Services 
Center.  Data presented by Hurricane City (www.hurricanecity.com) indicates that Greater Exuma 
Island, on average, is brushed or hit by a hurricane once every 4.15 years, and is directly hit once every 
15.2 years.  Recent storms of record are Hurricanes Andrew, Floyd, and Frances.  The passage of 
Hurricane Lili in 1996 resulted in 105 mph winds and a storm surge that caused moderate damage on 
Greater Exuma Island.   
 

Table 4-2:   Number of Tropical Storms and Hurricanes Passing within 
  200 Miles of Eleuthera 
  Year    Number of Storms 

1987     2 
1988     1 
1989     0 
1990     1 
1991     2 
1992     1 
1993     0 
1994     1 
1995     2 
1996     2 
1997     0 
1998     1 
1999     2 
2000     0 
2001     1 
2002     0 
2003     0 
2004     2 
2005     4 
2006     2 
2007     1 
 

The hurricane season lasts from June 1st to December 1st.  The Bahamas are north of the path of most 
Atlantic hurricanes and east of those of the south Caribbean Sea and Gulf of Mexico.  Nevertheless, 
storm frequency within The Bahamas as a whole is once every ten (10) years on average. 
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4.1 Topography, Lithography, Pedology, Surface Characteristics, Features of Note 

The low-lying islands of the Bahamas sit on limestone caps thousands of feet thick.  The islands are 
separated by deep ocean trenches including the dead-end Tongue of the Ocean between New 
Providence and Andros Islands.  The Northwest Providence Channel, which is 3 miles deep and 150 
miles long, is the deepest and third longest marine canyon in the world.  It is situated north of New 
Providence and separates the Little and Grand Bahama Banks¹ (White, 1998).  The Exuma Sound, just 
east of the Exuma chain, extends to the west to Eleuthera and Cat Island.  

The islands, including Big Bell Island, were likely formed by the remains of calcarenite dunes during 
the Pleistocene Age.  These windblown deposits of sand became exposed during times of lower sea 
level and hardened to form the rolling hills that characterize the island’s topography.  Features of note 
include a large salt pond in the southeast quadrant of the island and approximately 32 acres of 
impounded mangrove wetland habitat mostly concentrated on the eastern half of the island. The terrain 
is entirely composed of limestone rock with sparse soil coverage.  Shoreline areas are sand or rock.  

Soils on Big Bell Island are predominantly composed of windblown and hydraulically deposited calcareous 
sand, silt, and clay.  These soils range from lagoonal, inter-tidal, supra-tidal, and upland deposits with moderate 
to low organic content.  The upland soil is a thin veneer over the underlying calcareous limestone.  The upland 
soil has undergone only minor soil genesis and should not be considered significant.  The humus content of the 
upland soil is minimal.  The shallow soil horizons lack significant trace elements and the basic nutritional 
compounds including nitrogen, phosphorus, and potassium that would sustain traditional agriculture without 
considerable anthropogenic assistance.   

4.2  Hydrology and Hydrogeology, Water Resources, Surface Waters, Drainage, Flood-prone 
Areas 

In The Bahamas, rainwater sinks rapidly into the porous limestone and sits underneath the surface as a 
freshwater lens riding above the denser saltwater.  No river or freshwater lake features exist on Big 
Bell Island.  Big Bell Island is a small island and natural water reserves are insufficient to supply the 
resident population.  Hence, reverse osmosis or desalination is utilized to supply fresh water. A salt 
pond was identified on Big Bell Island, but tidal connection maintains the salinity near that of the 
surrounding waters.  
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Figure 4.1  Aerial photograph of the Big Bell Island salt pond. 

4.3  Air Quality 

The remote, undeveloped nature of the Exumas and the subject island specifically provide air quality 
of unsurpassed standards.  Activities currently underway with the potential to degrade air quality are 
limited to generator and incinerator operation as well as the occasional use of motorized vessels and 
golf carts.  The proposed construction activities have the potential to elevate emissions for the short-
term time frame associated with the land clearing and construction activities.  The prevalent breezes 
and ambient air quality are such that the expected short-term elevation of emission levels will be 
minimal and of no impact to local air quality 

4.4  Noise Pollution 

Similarly, no activities other than generator and incinerator operation coupled with occasional boat and 
golf cart use are underway that cause any increase above ambient noise levels.  Proposed construction 
activities and improvements may temporarily elevate noise levels; however, they will not rise to 
nuisance or dangerous levels. 
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BIOLOGICAL ASPECTS 

4.5  Terrestrial Habitats 

Ground truthing, aided by low-level aerial photography, was carried out to prepare maps (provided as 
Exhibits 4,6,7) that characterize and quantify the different habitat types present within the project and 
mitigation areas of the Island.  Initially, aerial images were used to gain an understanding of habitat 
delineations.  These were confirmed by ground truthing and subsequently delineated within the 
proposed project boundaries.  A species inventory was then made by traversing a series of meandering 
transects throughout the project areas.  The acreages given are approximate and are provided to enable 
quantification of impacts associated with the proposed private yacht basin development, service dock / 
barge landing improvements and utilities and storage area expansion.  An inventory of predominant 
plant species noted is provided in Table 4-3.   

Proximity to the coast has reduced the development of microclimates and buildup of soil which would 
have promoted development of broadleaf coppice habitat with hammock type plants on the island.   
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HABITAT 1:  COASTAL COPPICE 

 

Figure 4.2  Typical coastal coppice habitat. 

The coastal coppice community is found throughout the majority of the project impact area.  This 
community showed only minor variations in the densities of the species present.  A species of 
bromeliad, swollen wild pine (Tillandsia utriculata) and orchid species Encyclia gracilis and Vanilla 
barbellata were observed in greater diversities along the western side of the salt pond.  There was also 
an increase in canopy height of the various tree species on the west side.   
 
Hog cabbage palm (Pseudophoenix sargentii)and the other three species listed above that are located 
within the impact area of the private yacht basin are planned to be salvaged to the maximum extent 
possible, saved  and relocated to the native plant nursery and other areas on the island.  The palms 
growing in pure rock substrate will not be moved.   
 
Wild dilly (Manilkara bahamensis), ram’s horn (Pithecellobium keyense) and pigeon plum (Coccoloba 
diversifolia) were the most common canopy and midstory species.  Also noted were hog cabbage palm 
(Pseudophoenix sargentii), Joewood (Jacquinia keyensis), poison wood (Metopium toxiferum), and 
lignum vitae (Guaiacum sanctum). The last of which was found to be common on the northwestern 
side of the salt pond. The most common groundcover included sandfly bush (Rhachicallis americana).   
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 HABITAT 2:  BUTTONWOOD FRINGE 

 

Figure 4.3  Buttonwood fringe habitat. 
 
A buttonwood and mangrove fringe was identified bordering the majority of the salt pond.  This area 
was vegetated by green buttonwood (Conocarpus erectus), silver buttonwood (Conocarpus erectus var. 
sericeus), and white mangrove (Laguncularia racemosa).  The observed specimens were stunted as 
mature specimens measured less than 48 inches in height.  
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 HABITAT 3:  SALT POND 

 

Figure 4.4  Big Bell salt pond. 

The salt pond habitat was devoid of any vegetation with the exception of fuzzy finger algae 
(Batophora spp.).  This particular pond has been included in a study specifically focusing on salt ponds 
of the Exumas. Several parameters were analyzed and sediment samples collected to determine the 
presence of benthic invertebrates and general physical characteristics of the ponds.  The full report of 
“Bell Island and two neighboring salt ponds: a study of their characteristics” is included for review as 
Appendix II.  
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HABITAT 4:   ROCKY SHORELINE 

 

Figure 4.5  A typical rocky shoreline habitat. 
 
The rocky shoreline consisted primarily of shrub species the most dominant of which were sandfly 
bush (Rachicallis americana), joewood (Jacquinia keyensis), golden beach creeper (Ernodea 
littoralis), ram's horn (Pithecellobium keyense), sea purslane (Sesuvium portulacastrum), and thatch 
palm (Thriniax morrisii).  The rocky shoreline varied from 20 to 30 feet in width. 
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HABITAT 5:   CASUARINA 

 

Figure 4.6  The casuarina stand to the northwest of the proposed basin. 

A dense stand of casuarinas (Casuarina equesitifolia) just shy of 3 acres in size was identified on the 
southern boarder of the mangrove mitigation area. Other species noted were ram's horn 
(Pithecellobium keyense) and various species of stoppers (Eugenia spp.).  The area exhibited common 
characteristics of a casuarina stand, with approximately four (4) to six (6) inches of pine needle duff 
and little to no ground cover. Land crab holes were common throughout this habitat.   
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Table 4-3 Floral Species Inventory 

Common Name Scientific Name 
Bahama dildo Cephalocereus millspaughii 
black mangrove Avicennia germinans 
bushy salmea Salmea petrobioides 
(-)casuarina Casuarina equesitifolia 
century plant Agave sisalana 
cinnecord Acacia choriophylla 
crabwood Ateramnus lucidus 
darling plum Reynosia septentrionalis 
common ernodea Ernodea littoralis 
green buttonwood Conocarpus erectus 
gumbo limbo Bursera simaruba 
hog cabbage palm Pseudophoenix sargentii 
box briar Randia aculeata 
cancer tree Jacaranda coerulea 
joe wood Jacquinia keyensis 
lignum vitae Guaiacum officinale 
*orchid  Encyclia gracilis 
pigeon plum Coccoloba diversifolia 
poison wood Metopium toxiferum 
ram's horn Pithecellobium keyense 
red mangrove Rhizophora mangle 
royal poinciana Delonix regia 
sandfly bush Rachicallis americana 
(-)schefflera Schefflera actinophylla 
sea purslane Sesuvium portulacastrum 
seven year apple Casasia clusifolia 
silver buttonwood Concarpus erectus var. sericeus 
stoppers Eugenia spp. 
strumpfia Strumpfia maritima 
swollen wild pine  Tillandsia utriculata 
thatch palm Thrinax morrisii 
wild cane Lasiacis divaricata 
wild dilly Manilkara bahamensis 
white mangrove Laguncularia racemosa 
worm vine  Vanilla barbellata 

* Endemic to The Bahamas  
(-) Non Native Species  

 

All species cross referenced using Flora of the Bahamian Archipelago (Correll & Correll, 1982) 
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4.5.1   Terrestrial Wildlife Observations 

A list of fauna noted on site during the survey period is provided below.  Several curly tailed lizards 
(Leiocephalus spp.) were noted.  Bird life at the time of the survey was sparse.  Observed avian species 
included Antillean nighthawk (Chordeiles gundlachii), short-billed dowitcher (Limnodromus griseus), 
black-necked stilts (Himantopus mexicanus), and green heron (Butorides virescens).   

 

Figure 4.7  The short-billed dowitcher is shown above. 

Every effort will be made to preserve and promote wildlife utilization on the property.  Methods and 
activities used to enhance wildlife utilization will include: 

• ecological restoration of natural areas currently overgrown with Casuarina. 
• wildlife-friendly practices will continue to be utilized by residents and guests. 
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4.6  Caves and Blue Holes 

Small potholes were present throughout the project area of the island.  However, no large blue holes or 
cave features were located.  

4.7  Aquatic Habitats, Fresh and Saline Wetlands 

Mangrove and salt pond habitats are described in section 4.5. The salt pond located on Big Bell Island 
was analyzed and incorporated into a salt pond study.  The full report “Bell Island and two 
neighboring salt ponds: a study of their characteristics” is included for review as Appendix II.  No 
freshwater wetlands were noted within the proposed project area.  It may be possible that small 
depressional areas in the interior of the island retain standing water and support a reduced wetland 
plant assemblage.  However, none of these were noted in the project area or are included in this report.   

4.8  Marine Habitats 

Marine areas surveyed in detail by Turrell, as a part of this EIA, were comprised of two categories.  
The first included the proposed private yacht basin, service dock / barge landing area and the 
approaches to both, all areas that will be directly impacted by the planned work.  The second 
comprised of preserve areas and where no direct impacts are anticipated, specifically areas adjacent to 
impact.  Construction activities associated with the proposed yacht basin include an 80 foot wide 
ingress/egress channel dredged to -14 feet MSL and protected by the installation of a rock jetty.  The 
barge area work entails construction and improvements to the existing service dock / barge landing.  
The majority of the service dock / barge landing area will be dredged to -9 feet MLW, and some areas 
only to -7 or -5 MLW. Initial   

Preliminary alternative site plans suggested situating the basin so that the access channel would cut 
through one of the crescent shaped sandy beaches along the eastern side of the island.  These seagrass 
sand flats adjacent to the above mentioned sandy beaches were also surveyed to assess the resources 
preserved by opting for the current layout.  This alternative has been discarded. 

The marine habitat survey was conducted by traversing underwater transects approximately 15 feet 
from the shoreline.  The parallel dive transects were oriented to follow the rocky shoreline and 
approximately 15-20 feet apart.  While traversing transects, habitat and species identification were 
noted and documented through the use of underwater still photography.  A description of each habitat 
along with photos and the species identified follows.  An exhibit depicting the location of dive 
transects in relation to the proposed work and preservation areas is also provided in Figure 4.9. 
 
To assure accuracy of the existing marine resources and impact assessment a third party, Dr. Erich 
Mueller of eVm Research and Design, was hired to perform an independent analysis of the area.  Erich 
Mueller (Ph.D., 1983, Univ. of Miami) has been studying corals and reefs for over 30 years at 
numerous locales across the world.  As Director of Mote Marine Laboratory’s Center for Tropical 
Research (Florida Keys), Erich’s work included the use of coral culture for both research and 
applications such as reef restoration.  In conjunction with the Florida Keys National Marine Sanctuary, 
he developed training programs for reef damage assessment and restoration. With the Caribbean-wide 
increases in coral diseases, research efforts began in 1997 to compare disease prevalence throughout 



BIG BELL ISLAND, THE EXUMAS, BAHAMAS                        
Environmental Impact Assessment 

February 2011 
 

4-15 

the Florida Keys with sites in the Exumas and Abacos. A pilot study in 1998, led to establishing coral 
culture and other reef research at the Perry Institute for Marine Science’s facility on Lee Stocking 
Island, Exuma (LSI). Since 2004, Erich has held an appointment there as Senior Research Scientist and 
expanded work from the LSI area south to Elizabeth Harbour (Great Exuma) and north into the Exuma 
Cays Land and Sea Park. His most recent work continues coral culture at LSI, developing methods to 
assess coral stress/resilience, field education programs and public outreach (youth and adults) 
throughout the Exumas.  The findings within Dr. Mueller’s report, “Reconnaissance of Proposed 
Channel and Dockage Sites: Bell Island, Exumas” are consistent with the information provided in this 
EIA and can be found in its entirety as Appendix III.   
 
Bathymetric data was collected on 150 ft. transect lines for the areas immediately adjacent to the 
proposed basin and barge landing.  Data for the channels around the island that lead to deep water were 
collected on 300 ft. transect lines.  Contours were generated by interpolating the data and standardizing 
the water depths to mean low water (MLW).   
 

 
 

Figure 4.8  Dive Transect Map 
  (Exhibit 5) 



BIG BELL ISLAND, THE EXUMAS, BAHAMAS                        
Environmental Impact Assessment 

February 2011 
 

4-16 

 
HABITAT 1: ROCKY SUBTIDAL 
 
A rocky bottom area predominated from 5-15 feet seaward of the rocky shoreline, where the water 
depth was approximately 4-6 feet.  This is where the majority of the listed marine species were located.  
These areas will not be impacted by the planned construction.  As recommended in Dr. Mueller’s 
report, Appendix III, the inner limit of the yacht basin entrance channel has been offset from the rocky 
shore water line 20 feet.    
 

  
 
Figure 4.9  A small coral head located outside  Figure 4.10  Shoreline near the proposed basin 
  of the dredge area.      entrance. 
 
Left: The underwater photograph of black ball sponge (Ircinia strobilina), shaving brush algae 
(Penicillus dumetosus), thin finger coral (Porites divaricata), slippery dick wrasse (Halichoeres 
bivittatus), sargassum (Sargassum spp.), depressed brain coral (Diploria labyrinthiformis), tube sponge 
(Pseudoceratina crassa) and squirrelfish (Holocentrus adscensionis).  
 
Right: The underwater photograph depicts typical rocky subtidal habitat. 
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HABITAT 2 : SAND FLATS 
 
Much of the area observed in the vicinity of both of the proposed access channels consisted of sand 
flats, with light patches of algal turf.  The sand flats were found in water depths of six (6) feet and 
greater.  Fuzzy finger algae (Batophora spp.) was the predominant species.  Dr. Mueller’s analysis of 
this habitat concluded that no significant environmental impacts are anticipated as a result of project 
work within this habitat. 
 

 
 
Figure 4.11  The barge landing entrance channel, depicting fuzzy finger algae (Batophora spp.) and 
  a barracuda (Sphyraena barracuda).  
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HABITAT 3: SEAGRASS SAND FLAT 
 
The habitat observed in the vicinity of the proposed seagrass sand flat preservation area consisted of 
sand flats, with varying seagrass coverage.  Seagrasses were found in water depths of three (3) feet and 
greater.  The seagrass habitat consisted almost entirely of turtle grass (Thalassia testudinum) and 
manatee grass (Syringodium filiforme). Mature and juvenile queen conch (Strombus gigas) were 
observed in the area of the seagrasses.  
 

  
 
Figure 4.12  Typical seagrass habitat exhibiting   Figure 4.13  A turtle grass bed 
  turtle grass (Thalassia testudinum) and  
  manatee grass (Syringodium filiforme) 
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4.8.1   Marine Wildlife Observations 

Big Bell Island provides some habitat for marine turtles and marine mammals.  No evidence of sea 
turtle nesting was found during the site investigations.  The presence of the sandy beach habitat could 
potentially support sea turtle nesting and has been taken into account by the development plan.  The 
construction of ingress/egress channels through rocky shoreline as opposed to sandy beaches will 
minimize potential impacts to nesting or hatching turtles.  No impacts to any of the sandy beach areas 
are proposed. 
 
Additional boat traffic created by the private yacht basin could have a minor impact on the marine 
animals in the form of potential collisions or fouling of the waters, but it is not anticipated due to the 
minimal increase in boat numbers associated with this project.  Boater education and awareness are felt 
to be the best means of minimizing these potential impacts.  Control of stormwater runoff is another 
means by which potential impacts to local water quality can be avoided.  The methodologies to be 
outlined in the forthcoming EMP will address these issues.  However, other than the minimal potential 
threat of collision, no other direct impacts to any marine mammals or sea turtles are expected. 
 
Table 4-4  Underwater Species List  
 

Grasses  
manatee grass Syringodium filiforme 
turtle grass Thalassia testudinum 

  
Corals  

common rose coral Manicina areolata 
depressed brain coral  Diploria labyrinthiformis 
mustard hill coral Porites astreoides 
shallow-water starlet coral   Siderastrea radians   
thin finger coral Porites divaricata 
  

Algae  
brown algae  Dictyota guineensis 
calcareous algae Avrainvillea fenicalii 
fuzzy finger algae Batophora spp. 
green mermaid’s wine glass Acetabularia calyculus 
mermaid fan Udotea spp. 
pink calcareous algae Neogoniolithon strictum 
sargassum Sargassum spp. 
shaving brush algae Penicillus dumetosus 
three finger leaf algae Halimeda incrassata 
white scroll algae Padina jamaicensis 
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Sponges  
black ball sponge Ircinia felix 
branching tube sponge  Pseudoceratina crassa 
branching vase sponge Callyspongia vaginalis 
loggerhead sponge  Spheciospongia vesparium 
red boring sponge Cliona deletrix 
red finger sponge Amphimedon compressa 
tube sponge Pseudoceratina crassa 
variable sponge Anthosigmella varians 
yellow boring sponge  Siphonodictyon coralliphagum 
  

Gorgonians  
common sea fan Gorgonia ventalina 
porous sea rod  Pseudoplexaura spp. 

  
Worms  

social feather duster  Bispira brunnea 

  
Vertebrates and Invertebrates  

barracuda Sphyraena barracuda 
beaugregory damselfish 
(juvenile) 

Stegastes leucostictus 

blue chromis  Chromis cyanea 
blue tang (juvenile) Acanthurus coeruleus 
bluehead wrasse (juvenile) Thalassoma bifasciatum 
curleycue anemone Bartholomea annulata 
French grunt  Haemulon flavolineatum 
lionfish Pterois volitans 
Nassau grouper Epinephelus striatus 
queen conch    Strombus gigas 
queen triggerfish Balistes vetula 
sea egg (collector urchin) Tripneustes gratilla 
sergeant major  Abudefduf saxatilis 
slippery dick wrasse (juvenile) Halichoeres bivittatus  
squirrelfish  Holocentrus adscensionis 
tomtate (juvenile grunt) Haemulon aurolineatum 
yellowtail snapper Ocyurus chrysurus 
  

 
This list is representative of the species seen during the dive transects. 
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4.8.2 Marine Habitats Further Described 
 
To gain even further understanding of the marine resources potentially impacted by the proposed 
dredging activities and within the “Estimated Turbidity Zone” Dr. Craig Dahlgren of the Perry Institute 
conducted an additional marine survey.  In his report “Habitat Mapping and Biological Assessment of 
Marine Resources around Bell Island, Bahamas” marine habitats have been mapped within a 250m 
radius “Impact Zone” around each proposed dredging site and within an “Estimated Turbidity Zone” 
which includes areas within 1km of the proposed dredging site that may be impacted by sediment 
plumes due to transport in tidal currents.  Within these areas, objectives were to (1) map habitats and 
(2) assess biological resources including corals, seagrass, and other benthic organisms, as well as fish 
and economically and ecologically important invertebrates such as conch, crawfish and the long-spined 
sea urchin Diadema antillarum. A description of the field portion of mapping is presented below. 
 
A baseline habitat survey of the marine construction sites, their immediate surroundings and nearby 
control areas was conducted prior to any conservation (i.e. movement of corals or micro-patch reefs) or 
construction activity.  Surveys defined habitat types described in earlier reports as well as subtypes, 
such as nursery areas for conch or other species.  Mapping was done using a handheld GPS to allow 
integration with bathymetry data previously obtained by Turrell and Dr. Mueller.  All mapping surveys 
will be shared with contractor personnel upon their selection.  After any conservation activity, the 
appropriate areas will be updated in all associated documents and exhibits.  

Habitat Mapping 

Dr. Dahlgren systematically characterized marine habitats within 250 meters of the proposed 
dredged areas on Big Bell Island.  A snorkeler was slowly towed behind a boat and signaled the 
habitat type, which was recorded approximately every 20 m and marked using a handheld GPS.  
The diver was towed in a grid pattern that ran transects across the survey area with the distance 
between transects ranging from approximately 20-50m.  Within 30 m of the shoreline, due to 
safety concerns involving the boat, transects were conducted via snorkeling.  Additional data 
points were collected from spot checks on special features that appeared on an aerial 
photograph of the area and from biological surveys conducted in seagrass areas.  Habitats were 
classified into 6 main habitat groups and 3 unique habitats that occurred in specific areas.  
These habitats are listed below and their documented locations are depicted in Figure 4.14.  A 
detailed habitat description can be found in Dr. Dahlgren’s full report provided as Appendix 
VII.  

1.  Sparse – Medium Density Seagrass  
2. Dense Seagrass  
3. Hardbottom 
4. Patch Reef 
5. Sparse Seagrass and Algae  
6. Rubble and Sand  
7. Sand 
8. Channel Reef  
9. Seagrass Detritus 
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Figure 4.14  Marine Habitat Maps (Exhibit 8) 

Biological Surveys  
 

In addition to Habitat Mapping, Dr. Dahlgren’s study included biological surveys of fish and 
benthic communities as well as conch populations within some of the sensitive habitat areas. 
Understanding what biological resources are present in various habitats that may be affected by 
the proposed dredging operations will allow for actions to lessen dredging impacts on these 
resources and monitoring of potential impacts. The quantitative surveys conducted were 
designed to assess representive areas of some of the more significant habitats that may be 
affected by dredging – Seagrass, Patch Reefs and Channel Reefs.   
 
Fish and mobile invertebrate communities were assessed using 30m x 2 m belt transects in 
which all fish and select mobile invertebrates (Queen conch, Caribbean spiny lobster, long-
spined sea urchins) were identified, their size estimated and counted.  Along the same transect, 
substrate type and benthic organism cover was assessed at 50 cm intervals (60 points per 
transect).  For analyses, substrates were divided into soft and hard substrates and hard substrate 
benthic organisms were grouped taxonomically into broad categories – Algae, Hard Coral, 
Gorgonians (soft corals), Sponges. In seagrass beds, the number of shoots for each species 
(Thalassia testudinum, Syringodium filiforme, Halodule wrighti) and blade length for 10 shoots 
chosen haphazardly was assessed within a 25 cm x 25 cm area at 10 m intervals along each 
transect (4 surveys per transect). In both reef habitats, the species, number, size and percent 
living tissue of coral colonies larger than 5 cm was assessed within the same belt transect used 
for assessing fish.  It is important to note that many larger coral colonies were mostly dead and 
fragmented into small pieces of living tissue.  When it was easy to determine whether scattered 
fragments of live tissue were part of the same colony they were considered as part of that 
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colony (i.e., their living tissue was expressed as a % of the larger colony).  For patch reef 
habitats, coral colonies were assessed throughout the entire 30 m x 2 m belt transect. High 
number of corals in the Channel Reef habitat (and difficult survey conditions due to currents) 
resulted in corals only being surveyed in a 15m x 2 m area. 
 
Relocation of Significant Corals and Assemblages 

Based on biological surveys, patch reefs and channel reefs within the 250m radius impact zones 
and in the Estimated Turbidity zones contain some of the biological resources that are most 
likely to be impacted by dredging activities.  Live corals in reef areas within dredging zones 
should be relocated, and live corals on reefs that are likely to see high sedimentation from 
dredging should also be relocated.  It is important to note that while relocation of living corals 
can minimize loss of reef building corals, it is likely that reef structure (i.e., fish habitat) may 
still be lost since much of the structure within patch reef habitats at present is dead coral heads, 
which may be difficult to relocate based on their size and the fact that boring organisms may 
have weakened the reef framework and cause it to fall apart if moved.  In these cases options 
that will minimize dredging impacts (e.g., reducing sediment loads reaching these sites) might 
be more effective at maintaining the ecosystem than transplanting corals.  If reef structure is to 
be removed from an area, large rubble pieces from the dredging operation may provide similar 
structure for fish and, if positioned properly and colonized by corals, may supplement 
transplanting efforts by filling a similar function to patch reefs.   For transplanting corals, 
several suitable areas (e.g., areas with similar environmental conditions to where corals are 
currently growing in the impact zones) exist around Bell Island but specific sites should be 
examined in a bit more detail prior to translocation efforts. Patch reefs and Channel reefs in 
impact areas and Estimated turbidity zones affected by dredging activities should be monitored 
and changes on these reefs compared to nearby control reefs to assess impacts of dredging 
activity on biological resources in these areas.  

The relocation areas will be monitored annually for two years following construction 
completion to document relocation success.   

Conch Relocation 
 
Conch should be removed from the immediate dredging areas prior to dredging and during 
dredging operations.  There are many suitable relocation sites nearby to dredging areas. The 
conch nursery near the Barge Landing basin dredging area is one that should be monitored to 
ensure that the habitat remains suitable for conch and that conch continue to persist in this area.  
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Water Quality Assessment 
 
Representative stations will be established around Big Bell Island and at several control sites 
for water quality sampling.  It is estimated that 5-10 stations will be needed with locations to be 
determined through collaborative discussions.  Basic parameters (temperature, salinity, 
turbidity) will be profiled using a Manta 2-35 multiprobe instrument (eureka environmental 
engineering, Austin, TX).  At several selected sites, loggers (Alec Electronics, Kobe, Japan) 
will be deployed for continuous measurement of temperature, salinity (Compact CT) and depth 
(MkV/D; tidal cycle).  Measurements will be made at 10 minute intervals and averaged to 
produce hourly values.  Both the Manta and Alec instruments will be calibrated immediately 
before and after deployment using standards and protocols provided by the manufacturers.  

Water samples will be examined with a suite of more advanced measurements and used to 
establish a baseline to compare to possible future testing associated with the operational phase 
of the project.  The sampling is to include dissolved inorganic nutrients (NO2

-, NO3
-, NH4

+, 
soluble reactive phosphorous), chlorophyll a, and hydrocarbons.  DIN and chl a measurements 
will be conducted at Florida International University’s Southeast Environmental Research 
Center (SERC; Miami, FL).  The assays employed at SERC are specifically designed to 
determine the low levels expected in oligotrophic tropical waters.  Virtually all of seawater 
quality monitoring in South Florida is conducted by SERC.  

Total Petroleum Hydrocarbon (TPH) assays will be conducted by Southern Analytical 
Laboratories, Inc. (Oldsmar, FL) using the State of Florida-approved FL-PRO (petroleum-
related organics) method.  This method provides a “fingerprint” of hydrocarbons 8-40 carbons 
long that can identify gasoline and diesel-related hydrocarbons.  

All synoptic measurements (profiling and water sampling) will be made near the end of one 
ebb and one flood tidal cycle.  All sampling and storage protocols specified by the recipient 
laboratories will be followed.  
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4.9  Biodiversity Including Protected Species of Animals, Birds, and Plants 

The Bahamas ratified the United Nations Convention on Biological Diversity (CBD) on September 9, 
1994.  Since becoming a party to the CBD, their participation in enabling activities has allowed the 
completion of the National Biodiversity Data Management Assessment in 2004.  This resulted in the 
establishment of the National Clearing-House Mechanism (CHM) for biodiversity information and the 
CHM website (BEST, 2005). 

The Bahamas became a party to the Convention on International Trade of Endangered Species 
(CITES) on June 20, 1979.  Since then the government has solidified its commitments to the 
management of endangered and threatened species through its enactment of appropriate legislation. 
Trade in such species has been restricted throughout The Bahamas.  

Endangered species include the West Indian whistling duck (Dendrocynga arborea) and the 
loggerhead turtle (Caretta caretta).  Threatened species include the queen conch (Strombus gigas) and 
the Bahama parrot (Amazona leucocephala bahamensis).  Under The Wild Animals Protection Act of 
1968, wild horses on the Island of Abaco are protected.  Also recognized are the Bahamian hutia 
(Geocapromys ingrahami) and the rock iguana (Cyclura spp.) (BEST, 2005). 

Approximately 300 species of birds have been recorded in the Bahamas.  Of these, 109 species breed 
and are permanent residents, while the rest are either vagrants or migrating transients, (White 1998).  
The national bird is the greater flamingo (Phoenicopterus ruber).  Three (3) bird species are endemic 
to the islands: the Bahama woodstar (Calliphlox evelynae), Bahama yellowthroat (Geothlypis rostrata 
coryi), and Bahama swallow (Tachycineta cyaneoviridis).  The islands are a strategic stop-over or 
wintering ground for species escaping cold North American winters.  Most species are West Indian in 
origin.  This fact is related to patterns of glaciation during the last ice age when a shallow channel 
separated Cuba and The Bahamas.  The circumstance created a short migration route for most of the 
flora and fauna found in the islands today.   

The piping plover (Charadrius melodus) is a winter migrant.  The West Indian whistling duck 
(Dendrocynga arborea) is threatened by hunting and is found on Andros and Hog Cay, off Long 
Island.  The Kirtland’s warbler (Dendroica kirtlandii) is a species for which the Bahamas are the only 
known wintering ground.  These three (3) species have been recorded in the Bahamas (White 1998) 
and are considered vulnerable by Birdlife International.  Countrywide, species of concern include the 
white crowned pigeon (Columba leucocephala) and the Bahama parrot (Amazona leucocephala 
bahamensis).  The Bahama parrot is restricted to southern Abaco and Great Inagua.  Hunting controls 
have successfully stabilized pigeon populations by closing the season at the end of September.  
Protected fauna include the rare hutia (Geocapromys ingrahami), the rock iguana (Cyclura spp.), and 
three (3) species of snakes.  Bahama hutia are rodent-like mammals and are the dominant animal 
species on East Plana Cay.  In a move to protect this species, a small Bahama hutia population was 
transplanted to two locations, Little Wax Cay and Warderick Wells. These three locations now host the 
only known populations of hutia.,.  

The only species of concern observed on Big Bell Island was queen conch (Strombas gigas).  
However, their abundance was noted within the seagrass sand flat preservation area outside of any 
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impact areas.  This same habitat allows Big Bell Island the possibility to support a bonefish (Albula 
spp.) population, though none were noted during the time of the site visit, it is important to note that no 
critical habitat will be permanently impacted as a result of this project.  

The following species of trees are protected throughout the Commonwealth of the Bahamas (BEST, 
2005) under the Conservation and Protection of the Physical Landscape of the Bahamas, as specified 
within the Declaration of Protected Trees Order of 1997 (BEST, 2005). 

 

Of the above pictured species of flora, site observations were limited to lignum vitae (Guaiacum 
sanctum).  
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4.10  Uses of Biodiversity 

While no quantitative data is available, the reefs and deep water just offshore are an important resource 
in terms of the recreational diving and educational opportunities they provide within the Exumas. No 
crabbing or hunting is allowed to take place on Big Bell Island because of its inclusion in the area of 
the Exuma Cay Land and Sea Park.  

4.11  National Parks, Protected Areas, and Marine Reserves within the Area of Influence 

On July 13, 1959 a special act of parliament directed the Bahamas National Trust to care for historical 
and natural beauty areas within the Bahamas.  The park was designated as a no-take zone in 1986.  
Park visitors are told to “take nothing but photos and leave nothing but footprint.”  The Exuma Cay 
Land and Sea Park is one of 25 national parks that is managed by the Bahamas National Trust.  The 
park is 22 miles long and eight (8) miles wide.  It covers approximately 176 square miles, and is 95 
percent sea and only 5 percent land.  
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SOCIOECONOMIC ASPECTS 

4.12  Adjacent Communities 

Big Bell Island is privately owned and intermittently inhabited by the owner and personal staff.  A 
census report for the year 2000 gave an approximate population of 3,571 for The Exumas.  The nearest 
resort to the project site is the Sampson Cay Club located on Sampson Cay.  It has proved to be a 
popular destination.  The nearest large settlement is located on Great Exuma Island and is called 
George Town. 

4.13  Existing Opportunities for Employment 

There are presently few opportunities for employment associated with the Island in its current 
condition other than maintenance and preparation for any work proposed in this EIA. 

4.14  Present Land Use 

The island is privately owned and equipped for year round habitation.  

4.15  Transportation, Docks, Roads, and Airports 

Big Bell Island is accessible only by boat and helicopter. A public 3,000 feet airstrip is located about 
10 miles to the south on Staniel Cay.  Black Point, the largest population cluster in the area at 
approximately 300 people, is located about 17 miles south of Big Bell Island.  The majority of 
employees commute from Black Point to Big Bell Island via boat. 
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CULTURAL ASPECTS  

4.16 Historical Overview 

“The Bahamas National Trust shall be established for the purpose of promoting the permanent 
preservation for the benefit and enjoyment of The Bahamas of lands and tenements (including 
buildings) and submarine areas of beauty or natural or historic interest and as regards lands 
and submarine areas for the preservation (so far as practicable) of the natural aspect, features, 
and animal, plant and marine life.” 
          Statute Law of The Bahamas 
          Chapter 355, Section 4 
          Paragraph 1 

The paragraph above and much of the history was taken from The Cruising Guide to The Exuma Cays 
Land and Sea Park, 1994 by Stephen Pavlidis with Ray Darville.  

The Exuma Cays Land and Sea Park is the first park of its kind in the world.  It is also The Bahamas’ 
oldest park.  The park is one of 25 National Parks that is managed by the Bahamas National Trust.  It is 
home to the rare stromatolites, hutia (Geocapromys ingrahami), rock iguanas (Cyclura spp.), and 
tropic birds. Conch Cut, within the park, has a stand of pillar coral (Dendrogyra cylindrus) that is over 
4 feet tall and is one of the largest remaining coral remnants in the region.  
 

 
 

Figure 4.15  Exuma Cays Land and Sea Park signage. 
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Figure 4.16  Pirates Lair sign on Warderick Wells Cay. 
 

The Exuma Cays Land and Sea Park was first conceived by a man named Daniel Beard.  He suggested 
setting aside an area to preserve the natural beauty of The Bahamas.  In 1955, Colonel Ilia Tolstoy 
proposed to the government that they allocate an area for a land and sea park.  A year later, the 
Bahamas government designated a stretch of 22 miles from Shroud Cay to Little Bell Island as the 
Exuma Cays Land and Sea Park.  The Crown also gave one year for an organization to step forward, 
explore, and take responsibility for the upkeep of the park.  Carleton Ray, from the New York 
Aquarium, and Daniel Beard surveyed the recommended area to see how viable the park would be.  
The Crown gave the men additional time in 1958 to continue their work.  The survey led to 
establishing the Bahamas National Trust, park boundaries, regulations, and the need for a warden.  The 
proposed warden station was to be located on Norman’s Cay, but later was placed on Warderick Wells.  
On July 13, 1959, a special act of parliament called for the Bahamas National Trust to care for the 
historical and natural beauty of areas within the Bahamas.  In 1986, the Exuma Cays Land and Sea 
Park was designated as a “no-take” zone.  Park visitors are told to “take nothing but photos and leave 
nothing but footprints.”   
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Each area within the Exuma Cays Land and Sea Park has unique characteristics.  Little Wax Cay is 
home to the hutia (Geocapromys ingrahami), which is the only terrestrial mammal native to The 
Bahamas.  Hawksbill Cay contains Loyalist settlement ruins from the 1700s.  Warderick Wells Cay 
also contains Loyalist settlement ruins and the Pirate’s Lair.  Pasture Cay was once a cattle pasture.  
The Rocky Dundas possess’ impressive stalactite and stalagmite formations that are found nowhere 
else in the world.  The conch shells on the opposite side of the island are said to date back to the 1500s.  

4.17  Archaeological and Historic Resources 

A specific archaeological survey was not carried out.  Pedestrian walkovers conducted during the 
survey periods uncovered no archaeological evidence such as mollusk shells or pottery fragments.   

4.18  Paleontological Resources  

No fossil resources or signs were located during the survey periods.  A specific paleontological survey 
was not completed. 

4.19  Tourist and Recreational Areas  

The Exuma chain is a sparsely populated area of the Bahamas with approximately 3,571 permanent 
residents according to the census taken in the year 2000.  Most people reside on Great Exuma Island.  
There is an increasing number of foreign seasonal visitors, many of whom own second homes.  The 
primary interests in the area are for its marine resources, including sportfishing opportunities, where 
deep water can be readily accessed, and for the quality of diving.   

4.20  Aesthetics and Visual Impacts 

The periphery of Big Bell Island is strikingly beautiful with white sand beaches and rocky shorelines 
plunging directly to the sea.  The vegetative communities present on the island will provide guests and 
visitors the opportunity to appreciate nature in The Bahamas.   

4.21  Community Organizations 

As Big Bell is a privately owned residential island no “community organizations” exist.  
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PROVISION OF SERVICES 

4.22  Potable Water 

The utility and storage area is presently equipped with potable water thru RO equipment and the 
expansion will increase the demand on the system to the threshold which would require an upgraded 
unit.  Potable water will be supplied to the basin via underground connection piped from the island’s 
improved reverse osmosis system.   

4.23  Sewerage and Wastewater 

The upland facilities are currently equipped with permitted septic treatment for all sewerage and 
wastewater.  These facilities are planned to be supplemented with deep well injection. 
 
Sewage pumpout will be provided in the yacht basin to each of the larger vessels that generate black or 
grey water.  A vacuum system will be used to pump the wastewater into a septic tank located in the 
vicinity of the basin with an associated deep well, as permitted by Bahamas Water and Sewage Corp.      

4.24  Roads 

No vehicular traffic is currently supported on the island. Shell and rock pathways have been created 
throughout the island and are capable of accommodating golf carts and/or ATVs necessary for daily 
transportation and the proposed construction activities.  

All roads will be approved by the Ministry of Works.  There will be limited vehicles which will be 
required for construction activity.  Any roadways created specifically for construction purposes will be 
regraded and vegetated after construction completion.   
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LEGAL AND REGULATORY 

4.25  Pertinent Laws and Regulations, Including the Antiquities, Monuments, and Museums 
 Act 

• The Bahamas Environment, Science and Technology (BEST) Commission 
• The National Creeks and Wetlands Restoration Sub-Committee 
• Department of Agriculture 
• Department of Fisheries 
• Ministry of Public Works and Transport 
• The Port Authority 
• Ministry of Health 
• Department of Environmental Health Services 
• Ministry of Maritime Affairs 
• Water and Sewerage Corporation 
• Ministry of Tourism 
• District Councils and Town Committees 
• Town Planning Committee 
 
Additionally, a series of specialized laws have been passed in The Bahamas which affect activities 
occurring within the coastal zone.  
 
• Antiquities, Monuments and Museum Act (1998) 
• Conservation and Protection of the Physical Landscape of The Bahamas Act (1997) 
• Local Government Act (1996) 
• Archipelagic Waters and Maritime Jurisdiction Act (1993) 
• International Persons Land-Holding Act (1993) 
• Environmental Health Services Act (1987) 
• Wild Birds Protection Act (1987) 
• Plant Protection Act (1987) 
• Fisheries Resources (Jurisdiction and Conservation) Act (1977) 
• Water Supply Corporation Act (1976) 
• Wild Animals (Protection) Act (1968) 
• Coast Protection Act (1968) 
• Agriculture and Fisheries Act (1963) 
• Town Planning Act (1961) 
• Bahamas National Trust Act (1959) 
• Immovable Property (Acquisition by Foreign Persons) Act and Quieting of Titles Act (1959) 
• Water skiing and Motor Boat Control Act 
• Hotels Act 
• Port Authorities Act 
• Marine Mammal Protection Act 
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International Agreements  
 
The Bahamas is a party to several international environmental agreements that either affect or may 
affect the management of the coastal resources of The Bahamas. For example, the Ramsar Convention 
on Wetlands (1971) calls for the conservation and wise use of wetlands to achieve sustainable 
development. Operational wetlands conservation guidelines, as well as funding opportunities for 
individual wetlands conservation projects are available though the Ramsar Convention to party 
nations. Currently, The Bahamas has no national law or regulation that specifically addresses wetlands 
protection. The Montreal Protocol on Substances that Deplete the Ozone Layer (1987) addresses 
ozone depletion, which is an environmental issue with indirect impacts on the coastal zone, because of 
its interconnection with global warming and sea level rise.  The Convention for the Protection and 
Development of the Marine Environment of the Wider Caribbean Region (The Cartagena Convention) 
(1986), coordinated by United Nations Environmental Program (UNEP), includes three protocols: the 
Oil Spill Protocol, the Specially Protected Areas and Wildlife (SPAW) Protocol, and the Land Based 
Sources of Marine Pollution (LBSMP) Protocol (not yet finalized). The SPAW Protocol, which went 
into affect in June 2000, calls for the protection, management and development of marine and coastal 
resources individually and jointly among countries. Although The Bahamas is not a party to the 
Protocol, several other Caribbean countries have entered into these agreements and their actions may 
have impacts on the coastal zone of The Bahamas. 
 
Additionally, provisions of the World Bank and World Health Organization regarding noise pollution 
will be met.   

 
 
 
 
 
 
 

 

4.26  Government Agencies Involved in Permitting and Licensing 

Bahamas Investment Authority 

The Bahamas Environment, Science & Technology Commission 

Department of Environmental Services 

Ministry of Works and Utilities 

Port Department 

Water and Sewerage Corporation 

Department of Lands & Surveys 

http://www.unep.org/�
http://www.iucn.org/wed2004/�
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CHAPTER 5 ENVIRONMENTAL IMPACTS  

5.0  Methodology for the Impact Assessment  

To accurately assess environmental impacts associated with the proposed project, fieldwork was 

undertaken to map and describe habitats, species, and physical parameters of the impact areas.  The 

upland sites were surveyed on foot with observed species noted and photographed and physical 

conditions described.  Ground-truthing was accompanied by low-level flights and photography to map 

and depict on-site features.   

Marine portions of the project and the surrounding area that would be affected by the private yacht 

basin channel and barge landing / service dock, construction, armoring, and dredging were snorkeled 

and habitats characterized, photographed, and described.  These same areas were independently 

assessed by Dr. Erich Mueller of eVm Research and Design.  His report, “Reconnaissance of Proposed 

Channel and Dockage Sites: Bell Island, Exumas” concluded that no significant environmental impact 

is anticipated in the project area.  The full document is provided as Appendix III.  To gain even further 

understanding of the marine resources potentially impacted by the proposed dredging activities and 

within the “Estimated Turbidity Zone” Dr. Craig Dahlgren of the Perry Institute conducted an 

additional marine survey.  In his report, “Habitat Mapping and Biological Assessment of Marine 

Resources around Bell Island, Bahamas” marine habitats have been mapped within a 250m radius 

“Impact Zone” around each proposed dredging site and within an “Estimated Turbidity Zone” which 

includes areas within 1km of the proposed dredging site that may be impacted by sediment plumes due 

to transport in tidal currents.  The report in its entirety is provided as Appendix VII. 

Bathymetric data was also collected on 150 ft. transect lines for the areas immediately adjacent to the 

proposed basin and barge landing.  Data for the channels around the island that lead to deep water were 

collected on 300 ft. transect lines.  Contours were generated by interpolating the data and standardizing 

the water depths to mean low water (MLW).   

Consideration of the possible results of the planned work was made based on knowledge of proposed 

construction methods and experience with similar projects.  The following descriptions address the 

likely impacts and cover how negative effects will be countered both during and after construction.  

These are summarized from Chapter 6, Proposed Minimization and Mitigation Measures.   
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IMPACTS TO THE PHYSICAL ENVIRONMENT 

5.1  Erosion, Sedimentation Impacts 

Aspects of construction and operation of the proposed project which may result in increased erosion or 

sediment production include: 

1. Clearing of land for the construction of the yacht basin, associated infrastructure, trails, and utility 

and storage area. 

Of all land use changes, construction activities have the greatest potential to produce short-term 

increases in erosion and sediment production.  The primary cause of erosion and sediment production 

is the removal of stabilizing vegetation.  It is exacerbated when natural landform is converted to 

impermeable surface area that leads to direct rainfall runoff, which takes with it the large quantities of 

dust and debris.  Windborne dust can also be a source of sediment deposition in the vicinity of 

construction activities. 

A sediment control plan will be prepared and disseminated to construction personnel to minimize this 

potential on-site clearing activity.  This plan will outline methods to properly manage sedimentation 

impacts.  It will also provide information regarding the maintenance of sediment control devices such 

as turbidity curtains, silt fencing, sandbags, mulching, and water spraying.     

2. Dredging and maintenance dredging for the yacht basin and access channel as well as the service 

dock / barge landing and access channel. 

Sources for increased mobilization of sedimentary material during construction of the marine portions 

of this project are: dredging/excavation of the basin access channel, dredging of the service dock / 

barge landing and access channel, and deposition of dredge generated material in the designated 

upland receiving area.  

To minimize these unavoidable negative impacts, the following factors will be incorporated; 

• Construction schedule that restricts impacts to a short time period - Best efforts will be made 

to work with marine contractors to expedite the earth-moving work associated with excavating 

the basin and completing navigational improvements. 

• Stabilization of unconsolidated shorelines – Installation of seawalls, riprap, and where 

necessary, protective filter cloth to reduce the chronic suspension of fine materials from just-cut 

surfaces.   

• Construction methodology to compliment turbidity management - The yacht basin will be 

excavated from the salt pond area prior to tidal connection.  Keeping the basin excavation 

isolated from tidal waters will not only keep turbidity from entering the adjacent water body, 

but it will also make excavation of the basin easier since tidal currents and rapid changes in 

water levels will be eliminated.  During access channel dredging, for both the private yacht 

basin and the service dock / barge landing, weighted turbidity curtains will be employed to 

limit the introduction of suspended sediment.  Curtains will be placed across the mouth of the 
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access channel while excavation is proceeding to connect the basin to the sea.  A larger system 

will be utilized to surround the dredge equipment during access channel dredging.  Turbidity 

monitoring will proceed throughout construction in order to manage curtain locations.  

Turbidity readings will include a background check upstream of the work and within the 

densest portion of any notable turbidity plume.  Should work indicate an increase in readings 

over acceptable levels, dredge activities will be halted and curtains will be repositioned to 

better contain the suspended sediment produced. 

• Containment of upland receiving areas - A settling basin adjacent to the basin will be 

constructed to allow turbidity-laden water to filter and drain away, leaving clean sediment to 

the extent possible. 

 

3. Flushing considerations for the proposed yacht basin. 

The flushing potential of any yacht basin is a vital part of its design as it deters stagnant water, which 

is often associated with poor water quality.  The yacht basin at Big Bell Island was designed so the 

flushing characteristics are beneficial to water quality to the greatest extent possible, as summarized 

below and provided in detail in “Big Bell Island Flushing Memo”, provided as Appendix I.   

The proposed basin depth will be approximately -14 feet Mean Low Water (MLW), which will 

accommodate the draft of the owners and guest vessels.  The yacht basin was engineered to allow 

water to flow in and out smoothly throughout the duration of the typical tidal cycles.  It also avoids any 

"dead" pockets of water, such as angular corners or holes in the bottom of the basin.  The basin was 

designed with curved shorelines to help better circulate water during tidal periods and discourage 

stagnant water from accumulating in sharp, dead-end corners.  Ultimately, the size of the proposed 

basin is relatively small and the flushing period will be comparatively short.  It will not pose a threat to 

the existing water quality of the area.  

Wind-driven currents within the basin are expected to further mix the waters and enhance flushing.  

The basin is directly exposed to Atlantic Ocean breezes over the low eastern island terrain.  

Consequently, it is relatively exposed to the prevailing winds in the summer and winter seasons.  

Therefore, wind-driven mixing will assist with tidal flushing and other factors to maintain water 

quality.   

The basin will be designed with an optional flushing culvert to be located southwest of the entrance 

channel.  The flushing culvert is to be constructed in the future only if water quality within the 

completed basin does not meet standards.  

Other Best Management Practices (BMPs) will be implemented to maintain good water quality.  Such 

BMPs will include: 

• wrapping of all copper chromated arsenate (CCA) treated pilings with PVC to prevent 

leaching of CCA into the water column.  The wrapping will also increase the life of the 

piling. 
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• prohibiting the discharge of sewage or waste in the basin and providing a sewage pump-

out system that will be available to all boats using the basin. 

 

• allowing the installation of boatlifts for smaller vessels, which will reduce or 

eliminate the contact of lead or copper based paint (vessel hulls) to basin water.  Boats 

that are stored on lifts often forgo painting their hulls, since the lift keeps the vessel dry, 

free of barnacles, and other bottom encrusting, or staining, organisms.  The boatlifts 

will also allow vessels more protection from storm surges which will, on occasion, 

affect this area of The Bahamas.  

 

4. Increased long-term boat use. 

During regular operation of the project, increased usage of the approaches and area waters have the 

potential to stir up small amounts of sediment.  

Proper navigational markings and the utilization of charts and yacht basin guidelines will limit the 

potential for accidental groundings.   

5. Increased impermeable surface areas. 

Limitations on impervious surfaces and protection of undeveloped areas have been recognized as 

important sediment control methods.  By limiting impervious surfaces, precipitation has the 

opportunity to infiltrate the ground, resulting in less stormwater runoff.  This reduces erosion and 

makes stormwater management easier.  Prohibiting or restricting clearing in steep-slope areas can 

avoid potential sediment problems such as surface erosion and, in some cases, landslides.   

As only yacht basin development, service dock / barge landing improvements, and utility and storage 

area expansion are proposed, a significant increase in impermeable surface area is not expected to 

adversely impact the island.  On-site vegetation is to be retained to the fullest extent practicable.   

5.2  Viewscape Impacts 

There will be little to no impact to the viewscape of Big Bell Island from the sea and surrounding cays 

by the proposed activities. The private yacht basin was designed to intentionally provide privacy and 

be hidden from view to a large extent.  By situating the yacht basin where the island’s salt pond 

currently lies, all evidence of proposed basin will be concealed from offshore vantage points, save for 

the access channel and it’s protective jetties. Service dock / barge landing improvements and the 

utilities and storage area expansion will only serve to enhance the appearance of the island’s 

infrastructure currently in use.  

5.3  Hydrologic Impacts 

No groundwater resources were located on the property that would be affected by the proposed work.   
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5.4  Air Quality Impacts 

Air quality will be affected only marginally when boats, vehicles, and machinery are necessary and 

cause emissions during the building and operational phases of the project.  The lack of existing 

industrial activity in the vicinity and high standards of air quality via constant ocean breezes which 

blow across the island minimize the impact of any project-related detrimental effects. 

5.5  Noise Impacts 

Small increases in ambient noise levels will be attributable to the project both during construction and 

operation.  This will not be at levels which could be considered a nuisance or deterrent to either 

humans or wildlife in the area.   

5.6  Solid, Liquid, and Hazardous Waste Impacts 

Solid waste generated during construction and operation will be transported to nearby designated dump 

sites.   

Should a fish cleaning station be included in the yacht basin layout, it will be located close to the basin 

entrance to minimize waste disposal into the enclosed basin.  Other fish-cleaning stations are located 

throughout the Exumas without detrimental effect.  Fish-cleaning at the Big Bell Island facility is 

anticipated to be infrequent and would consist of fish that were caught outside of the park boundary.  

Most fish cleaning will take place at the barge landing / service dock.  

Recommendations are for on-site mulching of the cleared vegetation material to be used in landscape 

activities throughout the island.   

5.7  Fire and Hurricane Risks 

Upon construction of the facilities, safety manuals will be prepared outlining protocol and procedures 

for emergency situations such as fires and storms.  Proper containment of dangerous situations will be 

available for any hazardous materials and staff will be required to undergo training in emergency 

procedures and operation of equipment such as fire extinguishers and hurricane securing devices.  The 

plan of action for such events will be described thoroughly in the EMP.  
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BIOLOGICAL IMPACTS 

5.8  Habitat Loss and Degradation Impacts 

The impacts of the proposed activities are limited to the loss of less than 5 acres of natural upland 

areas, primarily coastal coppice and salt pond habitats. The dredge impact areas associated with the 

service dock / barge landing area and the basin access channel consist of approximately 4.8 acres of 

shallow sand flats.  

 

Figure 5.1  Private Yacht Basin Upland Impacts 

  (Exhibit 6) 
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Figure 5.2  Utility and Storage Area Upland Impacts 

  (Exhibit 7) 
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 Figure 5.3  Dredge Area Impacts 

    (Exhibit 3) 
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 5.9  Habitat Fragmentation Impacts 

The restricted clearing limits associated with the minor areas of impact and the low-intensity nature of 

the proposed activities renders this impact minimal.   

Yacht basin channel alignment will disrupt only a sand flat fringed by subtidal rocky habitat that is 

routinely subjected to harsh tidal currents.  Service dock / barge landing improvements are planned for 

the approach currently utilized by the supply barge.  Dr. Mueller’s report, Appendix III, and Dr. 

Dahlgren’s report, Appendix VII, both provide independent peer-review of these findings.  

5.10  Biodiversity Impacts 

A detailed botanical survey will be carried out prior to the commencement of clearing in order to mark 

populations and individuals of any unique or protected plant species.  Hog cabbage palm 

(Pseudophoenix sargentii), a species of bromeliad, swollen wild pine (Tillandsia utriculata) and orchid 

species Encyclia gracilis and Vanilla barbellata were observed within the impact area along the 

western side of the salt pond.  These species are planned to be salvaged to the maximum extent 

possible, collected and relocated to the native plant nursery and other areas on the island.  The palms 

growing in pure rock substrate will not be moved.   

Lignum vitae was noted within the coastal coppice and outside of the impact areas and thus will be 

avoided.  Eradication of invasive plants will add to species complexity on the island.  The extent of 

natural areas remaining on-site, post-development, will allow for continued use by protected fauna not 

observed at the time of survey.   

5.11  Marine Resource Impacts 

Based on biological surveys by Dr. Craig Dalhgren, patch reefs and channel reefs within the 250m 

radius impact zones and in the Estimated Turbidity Zones contain some of the biological resources that 

are most likely to be impacted by dredging activities.  The Patch Reef habitat type includes areas of 

unconsolidated, often widely scattered living and dead coral heads surrounded by either hard or soft 

substrates.  The key feature that separates this habitat type from hardbottom habitats is the three 

dimensional structure that living and dead coral colonies provide and the value of this structure for 

supporting diverse fish and invertebrate communities.  Individual coral colonies may range in size 

from 30 cm to 10m in diameter and may be comprised of 100% living coral to colonies with <10% 

cover by live coral tissue.   

Live corals in reef areas within dredging zones will be relocated.  The general location of the coral 

resources that are planned for relocation can be found at the western origin of the yacht basin channel, 

as shown in Exhibits 9 and 10.  Dr. Dalhgren also recommended that live corals on reefs that will not 

be directly impacted but may be likely to see high sedimentation from dredging, should also be either 

relocated or afforded increased protection from dredge impacts.  It is important to note that while 

relocation of living corals can minimize loss of reef building corals, it is likely that reef structure (i.e., 

fish habitat) may still be lost since much of the structure within patch reef habitats at present is dead 

coral heads, which may be difficult to relocate based on their size and the fact that boring organisms 

may have weakened the reef framework and cause it to fall apart if moved.  In these cases options that 
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will minimize dredging impacts may be deemed more effective at maintaining the ecosystem than 

transplanting corals.  These options consist of reducing sediment loads reaching these sites by 

employing additional turbidity curtains to surround the resources.  This procedure will most likely be 

utilized between the north edge of the yacht basin channel and the rocky shoreline to prevent 

sedimentation from settling on the resources.       

Dr. Dalhgren’s report states that there were no major conch habitats observed within the proposed 

dredge area and thus, making unlikely for a conch nursery to be impacted.  As a preventative measure 

live conch will be removed from within to 100 m beyond the immediate dredge area.   

5.12 Impacts on Special Features, Such as Caves and Blue Holes 

While no caves or blue holes have been identified on the island, there are several large solution holes 

noted throughout.  



BIG BELL ISLAND, THE EXUMAS, BAHAMAS                                                                

Environmental Impact Assessment 

February 2011 

 

5-11 

SOCIOECONOMIC IMPACTS 

5.13  Land Use Impacts 

Chapter 4.5 provides a baseline description of existing land uses. Once completed, the site will consist 

of a yacht basin, improved service dock / barge landing, an expanded utility and storage area, a native 

plant nursery, an improved road network, and possible future mangrove restoration.  The proposed 

mitigation associated with the development activities will rid the island of casuarina invasion.   

5.14  Impacts on Neighboring Communities  

While project owners are non-Bahamian, the use of foreign labor has been and will be minimized. 

Where skilled Bahamians are available to work, they will be preferentially employed to the extent 

possible.   

5.15  Population Relocation Impacts 

There will be no relocation impacts associated with this project.  

5.16  Traffic Impacts, Including Marine and Air Impacts 

By increasing visitation and use of the site, additional boat traffic may result.  These impacts are both 

directly and indirectly associated with the proposed work.  Boat traffic will be as a result of yachts and 

small dinghies visiting in the basin.  Currently, during construction, and less frequently during 

operations, barges and vessels do and will visit.  These would be used for the transportation of fuel, 

materials, and supplies around the Exumas.  

Impacts from these changes include hydrocarbon emissions: dust, fumes, and waterborne oils, and 

greases.  The minute increase in fuel use must also be considered.  Fuel is a known contributor to 

greenhouse warming and creates the potential for spills in off-site locations.  Given the small scale of 

the project and the anticipated utilization of the facility, these are considered as minor changes and are 

not expected to adversely affect ambient conditions.  

Operating a clean facility with modern and well maintained fuel spill containment equipment and 

regularly tested procedures are important components of the proposal.  So are safe disposal of 

hazardous wastes and a sewage pumpout facility for visiting vessels.  Guidelines for safe boating 

practices will be available for all guests.   

Within the property, the primary means of transportation will be gasoline or electric powered golf carts 

and/or ATVs.  Golf carts will reduce fume emissions due to a lesser demand for fuel as well as to 

contribute to noise reduction.   

Note that Blue Flag standards will be sought for the marine and beach facilities. 
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5.17  Economic Impacts 

By providing jobs both during construction and later operation, the project is expected to have a 

positive impact on the economic base of the region and the country as a whole.  A more widespread 

demand for goods and services can be projected beyond the work directly required by the project. 

5.18  Aesthetic and Visual Impacts 

Retaining the ambience and natural aesthetic appeal of the island is in the best interest of the project 

owners.  Cleanup of existing nuisance vegetation is regarded as a positive impact.  Conservation of 

natural vegetation around the project, as well as planting of native landscaping species within the 

nursery and around the island, will minimize the visual impact of the planned structures and help them 

blend into the background.   
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CULTURAL IMPACTS 

5.19  Losses of Archaeological, Historic, and Paleontological Resources 

No cultural resources were located during the site survey.  The historically undeveloped nature of the 

site reduces the potential that any resources of cultural significance are located on Big Bell Island. 

5.20  Preservation of Resources 

Prior to construction, all contractors and their staff involved in site-clearing will undergo an 

environmental training session.  The project is placing enormous effort towards positioning the 

proposed private yacht basin and all other development in areas that will precipitate the fewest 

negative impacts possible.   
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CHAPTER 6 PROPOSED MINIMIZATION AND MITIGATION MEASURES 

Mitigative actions, warranted by significant environmental impacts, are described below, together with 

aspects of the project plans that serve as those measures. 

6.0 Casuarina Removal 

Casuarina (Casuarina equestifoliaI), sometimes referred to as Australian pine, is native to Australia, 

Southeast Asia and the south Pacific Islands.  Casuarina is a non-native nuisance species in The 

Bahamas.  It was originally brought over in the 1800’s to south Florida and was planted in the 

mistaken belief that the trees could prevent erosion and from there quickly spread to The Bahamas 

around the 1930’s.  The Florida Exotic Pest Plant Council rates Australian pine as a Category I plant.  

This category is defined as an “invasive exotic that is altering native plant communities by displacing 

native species, changing community structures or ecological functions, or hybridizing with natives.”    

In spite of its common name, Australian pine is not a true pine but rather a flowering tree.  Casuarina 

has what appear to be long, soft, gray/green needles but these "needles" are actually multi-jointed 

branchlets.  Its shallow roots rarely penetrate deep into the soil.  Planted in many areas to prevent 

erosion, this tree actually increases erosion by eliminating native vegetation with deeper roots.  The 

shallow roots also make these trees prone to wind-throw during storms.   

Casuarinas do not rely on living organisms for pollination; it casts its pollen to the wind, known as 

anemophilous pollination.  The tree is very effective at out competing native plants for light and 

nutrients.  When established it alters the temperature, light, and chemistry of soils, which drastically 

affects the native plants and animals beneath it.  Casuarina is thought to posses allelopathic properties.  

Allelopathy is the ability to exude chemicals that inhibit growth of other species beneath it.  Casuarinas 

are known to decrease soil pH, which has a dramatic effect on the capacity of the soil to retain 

nutrients.   

Big Bell Island possesses a stand of casuarinas to the northwest of the salt pond measuring 

approximately 2.7 acres in size.  That stand of casuarinas is slated to be eradicated in an effort to 

mitigate for the minor construction activities proposed in this report.  The trees will be felled and 

properly disposed of.  The remaining stumps will be treated with an herbicide to prevent resprouting 

and insuring a halt to seed dispersal.   

6.1 Marine Mitigation Commitments 

Mitigation for marine construction activities, those which may result in the alteration of benthic habitat 

and temporary turbidity impacts will be through the use of BMPs previously mentioned, as well as the 

commitments that follow.    

• Commitment to uphold construction guidelines which include turbidity management and 

monitoring. 

• Channel and yacht basin alignment which results in the least possible loss of marine 

resources and dredging requirements. 
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• Agree to monitor and document colonization and recolonization of the yacht basin and 

access channels by marine benthic communities.  

• Installation and maintenance of a sewage pumpout operation for the private yacht basin 

facility. 

• Pledge to pursue Blue Flag Certification for the private yacht basin 

facility.  

• Significant live corals in reef areas within dredging zones will be 

relocated. 

• Live corals on reefs that are likely to see high sedimentation from dredging will also be 

relocated.  

• Conch should be removed from the immediate dredging areas prior to dredging and during 

dredging operations, as further detailed in the EMP 

6.2 Long-term Mitigation Commitments 

Secondary impacts which result from increased use of terrestrial and marine resources by future 

visitors to the island and boat basin are an example of impacts which cannot be precisely quantified.  

Over the long term, there may be additional pressure on natural resources stemming from the greater 

use of the area.  Included in this regard are the minor impacts associated with noise, air quality, water 

use, and waste generation that additional boats and visitors might generate.  Aspects of the project 

which are considered to be compensatory for these residual impacts include: 

• Educational efforts focused on the Exuma Cays Land and Sea Park.  Hopefully, gaining an 

appreciation of the natural resources of The Bahamas may serve to strengthen public 

opinion about conservation concerns through an attractive and well-run boat basin and 

ranger’s station 

• Increased tax revenues for the Bahamian Government which may in the future be directed 

towards environmental protection efforts.  
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CHAPTER 7 ENVIRONMENTAL MANAGEMENT PLAN 

An effective Environmental Management plan can be prepared quite accurately after preliminary 

approvals for the project are in place and the site plans have been finalized in conjunction with the 

Ministry of the Environment and Bahamas National Trust.   After the preliminary steps have been 

completed, the document can then include the following specific guidelines which: outline a 

monitoring plan to ensure aspects of the project which are relevant to environmental protection; will 

create a means by which the guidelines will be adhered to; encourage the project to be built as 

specified.  A commitment to the following inclusions is made in this EIA document; a full scope of 

recommendations for the EMP will be prepared according to Ministry of the Environment and 

Bahamas National Trust guidelines and submitted for review and approval.   

• erosion and sediment control will include construction guidelines: to minimize building 

generated sediment, for overseeing turbidity management, to assure correct installation, for the 

maintenance of silt curtains, etc. 

• hazardous and solid waste management section will identify locations and criteria for secure 

hazardous material storage and to outline the disposal techniques for solid and hazardous waste. 

• private yacht basin management plan will cover sewage pumpout operation, basin rules, and 

guidelines for visiting vessels. 

• emergency management portion will outline procedures, protocols, and location of relevant 

equipment in the event of a hurricane, fire, or other natural hazard. 

• monitoring plan for turbidity, exotic plant removal, and terrestrial sediment control will be 

scrutinized during construction.  

The draft EMP contains the following integrated parts and intended outcomes: 

 

• the purpose, scope, and content section will summarize the purpose and identify the project 

components and activities to which the plans will apply. 

 

•••• the summary of impacts, accidents/malfunctions portion will summarize the predicted ongoing 

environmental and socio-economic impacts from the proposed activities during the various 

stages of the project.  This section will also describe various accidents including fires, 

explosions, natural events and/or malfunctions due to acts of sabotage that could possibly 

occur, as well as the nature and scope of the impacts these occurrences could pose to the 

environment and the public. 

 

• the summary of environmental regulatory bodies and standards segment will identify the 

relevant regulatory bodies having jurisdiction relating to environmental protection as applicable 

to the implementation of each stage of the project.  The section will also summarize the 

proposed environmental standards for each affected resource impacted by activities associated 

with the development.  
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• the description of the planned mitigation measures section will describe the planned mitigation 

measures that could be applied to meet the environmental standards established for the project.  

Each mitigation measure is briefly described in relation to the impacts associated with the 

project.  Also referenced are those specific mitigation plans that may be applied during project 

implementation. 

 

• the description of measures for responding to potential accidents part will describe the 

measures to be undertaken in response to fires, explosions or major spills that could occur as a 

result of accidents, natural events, acts of sabotage, or malfunctions. 

 

• the description of planned environmental monitoring section will describe any monitoring 

programs including the relevant protocols that will be used.  The monitoring programs will 

describe: the parameters to be measured, methods to be used, sampling location(s), frequencies, 

detection limits, and thresholds or benchmarks used to signal the need for corrective actions. 

 

• the description of the responsibilities and accountabilities portion will identify the processes, 

procedures, and mechanisms for implementation of the mitigation and monitoring plans as well 

as for responding to emergencies.  It will include responsibilities for mitigation, accident 

response, and monitoring and it will identify the party responsible for insuring any reporting 

that is to be coordinated with applicable governmental agencies. 

 

• the training segment will describe the type of training, participants, information content, and 

schedule that will be implemented to ensure that those responsible are knowledgeable about 

applying mitigation, responding to emergencies, monitoring, and reporting. 
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CHAPTER 8 CONCLUSIONS 

The proposed plan has been designed with the existing habitats and landforms in mind.  Sincere 
attempts have been made to provide the most ecologically intelligent land utilization.  It is the opinion 
of the report authors that environmental impacts associated with the planned work are addressed by 
proposed avoidance, minimization and mitigation measures.  To assure accuracy of the existing marine 
resources and impact assessment a third party, Dr. Erich Mueller of eVm Research and Design, was 
hired to perform an independent analysis of the proposed dredge and surrounding areas.  Erich Mueller 
(Ph.D., 1983, Univ. of Miami) has been studying corals and reefs for over 30 years at numerous locales 
across the world, with much of his experience throughout the Exumas.  The findings within Dr. 
Mueller’s report, “Reconnaissance of Proposed Channel and Dockage Sites: Bell Island, Exumas” are 
consistent with the information provided in this EIA and can be found in its entirety as Appendix III.   

To gain even further understanding of the marine resources potentially impacted by the proposed 
dredging activities and within the “Estimated Turbidity Zone” Dr. Craig Dahlgren of the Perry Institute 
conducted an additional marine survey.  In his report, “Habitat Mapping and Biological Assessment of 
Marine Resources around Bell Island, Bahamas” marine habitats have been mapped within a 250m 
radius “Impact Zone” around each proposed dredging site and within an “Estimated Turbidity Zone” 
which includes areas within 1km of the proposed dredging site that may be impacted by sediment 
plumes due to transport in tidal currents.  The report in its entirety is provided as Appendix VII. 

Impacts will include the removal of small amounts of terrestrial and marine habitat which in total 
would be less than 5 acres of terrestrial habitats and approximately 4.8 acres of sand flat marine habitat 
which correlate to 43,365.70 cubic yards of dredging.  Native vegetation will be preserved and/or 
transplanted, to the greatest extent possible, around these impact areas to minimize the need for 
landscaping and irrigation, as well as for the conservation of native habitat for those animals that 
utilize the area.  

A native plant nursery is being designed and constructed on Big Bell Island to preserve and propagate 
native plant species on the island.  The nursery site is located in a previously disturbed area that was 
dominated by large Casuarina trees.  The Casuarina trees are being removed and the nursery is being 
blended with the existing, retained, native plant communities.  Native plant seeds are currently being 
collected.  Rare, endangered and endemic native plant species will be a significant part of the growing 
program in the BINPN.   

The first alternative included cutting into one of Big Bell’s beautiful crescent beaches to provide an 
access channel to a private yacht basin carved into a lush coastal coppice area.  This led to research 
that eventually eliminated the aforementioned possibility by illuminating the fact that the salt pond was 
devoid of unique habitat and / or wildlife.   

Also proposed in the original March 2010 EIA and now an alternative, the plan proposed consisted of a 
more intensive dredge footprint and significantly deeper dredge depths.  Revisions were made to the 
originally submitted dredge areas and volumes associated with the Big Bell Island project.  A dredge 
reduction exhibit is also attached to provide further illumination.   
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The original dredge area and depth were established to provide yacht access into the barge landing 
fuel area. Big Bell eliminated the need for yacht access into the barge landing for fueling by 
providing fueling within the yacht basin instead.  As a result, the needed dredge depth of the barge 
landing area was reduced from -12 ft MLW to -9 ft MLW and the dredging proposed at the 
northwestern tip of the island was eliminated altogether.  This change in the project concept greatly 
reduced the amount of spoil to be exported from Bell Island.  To further reduce the needed 
dredging, the area under the docks and area leading to the boat ramp were also reduced to -7 ft 
MLW.  The plan alterations described above decreased the barge landing dredge volume total by 
30,211.20 cu yds.  
 
Revisions to the final plan, eliminated an additional area of dredging on the outside of the 
breakwater was also eliminated and the area in front of the boat ramp was further reduced to -5 ft 
MLW.  These plan alterations reduced the dredge volume by an additional 830.60 cu yds. 

  
Overall, the offshore dredging of the Barge Landing area has been reduced by 31,041.80 cu yds 
from what was originally submitted in the March 2010 EIA.  This equates to a 72% total reduction 
in Barge Landing dredge volume. 

 
Total offshore dredge volume has been reduced by 31,108.4 cu yds from what was originally 
submitted in the March 2010 version of the EIA.  This equates to a 42% total reduction in offshore 
dredge volume.  Additionally, total project offshore dredge area has been reduced by 173,229.00 sq 
ft from what was originally submitted in the March 2010 version of the EIA, which means a 46% 
total dredge area reduction. 

 
 

 Figure 8.1    Barge Landing Dredge Reductions (Exhibit 11) 



 
EXHIBIT 1 

 
 

PRIVATE YACHT BASIN SITE PLAN 





 
EXHIBIT 2 

 
 

BARGE LANDING / SERVICE DOCK, 
UTILITY AND STORAGE EXPANSION 

SITE PLAN 





 
EXHIBIT 3 

 
 

DREDGE PLAN 





 
EXHIBIT 4 

 
 

CASUARINA REMOVAL AREA 





 
EXHIBIT 5 

 
 

DIVE TRANSECT MAP 
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PRIVATE YACHT BASIN UPLAND 
IMPACTS 
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UTILITY AND STORAGE AREA 
UPLAND IMPACTS  





 
EXHIBIT 8 

 
 

MARINE HABITAT MAP  
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MARINE HABITAT - CORAL  





 
EXHIBIT 10 

 
 

CORAL PROTECTION PLAN  
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BARGE LANDING DREDGE 
REDUCTIONS 
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HABITAT ANALYSIS EXHIBITS FOR 
IMPACT AREAS 

FOR 
CRAIG DAHLGREN, PHD 



HABITAT ANALYSIS EXHIBITS FOR IMPACT AREAS 
FOR 

CRAIG DAHLGREN, PHD 
FEB. 18, 2011 

 
The information contain in this supplement dated February 18th 2011 draws on 
information provided in the main body of the Dalhgren report dated January 27, 2011, 
and provided as Appendix VII.  The table and exhibits to follow were prepared to assist 
in the description of the marine resources observed in the vicinity of the Yacht Basin and 
Barge Landing dredge areas of the Bell Island project.  The exhibits illustrate individual 
locations of corals and conch habitat with corresponding photographs; while the table 
further describes the attributes of each of these locations.   The table directly relates to the 
locations identified in the Yacht Basin Dredge Impact exhibit and the Barge Basin 
Dredge Impact exhibit. 

The data presented in the table is an excerpt from the information on the following pages: 

• Pages 5-8 discuss the various habitats present. This information can be 
found on the exhibit through the pictures represented.  

• Pages 11-12 discuss the Benthic communities and the percent of coral reef 
colonies  

• Page 4 explains Sea Grass Habitat - Spares to Medium density depicted as 
BL4a, 4b and 5 

• Page 5 discusses Hardbottom Habitat shown as BL6  and YB4 
• Page 6 describes Patch Reef Habitat  illustrated as BL 2 and YB 2 

 
 
 
 

 

 



 

 

PHOTO # MAJOR SPECIES 
OBSERVED 

GPS 
(UTM-WGS 1984 datum, Zone 18 

North, Meter) 

% COVER 
LIVE CORAL VIABILITY MEAN 

SIZE ACTION TO BE TAKEN 

  X Y     

YB 1 

Montastraea annularis, 
Montastraea faveolata, 
Porites astreoides,  
Porites porites 342672.523 2688530.5322 9 87% 13 cm 

Relocation  
(to included prominent 
corals where the channel 
is to cut into the basin) 

YB 2 Montastraea annularis 342474.4707 2688433.6699 27 80% 42 cm Preservation 

YB 3 

Montastraea faveolata, 
Porites astreoides,  
Porites porites 342646.3256 2688515.3483 2 92% 13 cm Relocation 

YB 4 

Porites astreoides, 
Montastraea annularis, 
Porites porites,  
Siderastrea siderea,  
Diploria labrynthiformes.  342708.1514 2688530.0086 2 94% 13 cm Relocation 

       

BL 1 
Montastraea annularis, 
M. faveolata 341581.1025 2688559.8838 9 83% 26 cm Relocation 

BL 2 Diploria labrynthiformes 341606.3265 2688459.0207 5 80% 30 cm Preservation 

BL 3 Siderastrea siderea 341570.5925 2688524.6868 5 83% 26 cm Relocation 

BL 6 Manicina areolata 341512.2619 2688663.3736 1 95% 5 cm Relocation 

SEAGRASS HABITATS % COVER 
SHOOT 
COUNT 

BLADE 
LENGTH  

BL 4a Thalassia testudinum 341402.9577 2688589.3022 5-10 66/m2 3-10 cm 
Part of Conch Relocation 
Plan 

BL 4b Thalassia testudinum 341545.3684 2688560.4092 5-10 66/m2 3-10 cm Lost 

BL 5 
Thalassia testudinum, 
Strombus gigas 341441.3193 2688472.1539 20 72/m2 5-15 

Part of Conch Relocation 
Plan 

 
CORALS –  VIABILITY = Mean % Living Tissue on Individual Colonies  
  MEAN SIZE = Mean diameter of Individual Colonies 
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MEMORANDUM 
 
 
 
 
FOR:  Bell Island Environmental Impact Assessment  
 
FROM:     Joshua W. Maxwell, E.I.T. 
 
DATE:     January 26, 2011 
 
RE:     Big Bell Island Flushing Analysis  
 
 
 
 
 
Flushing is an important characteristic within basins, as healthy exchange of water between 
basins and the open ocean helps to prevent degradation in water quality.  Proper flushing 
discourages stagnant water which is normally associated with poor water quality and nutrient 
buildups.  It also helps to flush out any pollutants that are accidently released into the immediate 
area via vessels or upland stormwater systems. 
 
To assess the exchange of water between the proposed basin and the surrounding waters, 
hydrodynamic modeling was implemented via software through RMA-2 and RMA-4 processing.  
The equations for the RMA-2 and RMA-4 processing were developed by the US Army Corps of 
Engineers for calculating the current and contaminant movements within aquatic environments.  
Millions of equations are solved, while taking into account tides, roughness of the basin material, 
and how water could flow throughout the basin.  The RMA2 function calculates how the tides 
affect the flow of water within the basin, then shows flow characteristics of the basin at each 
time step.  The RMA4 function calculates how a contaminant reacts when introduced to the 
tidally influenced basin.   
 
Yacht Basin:  This basin was designed to moor multiple mega yachts; however, since this is just 
a temporary mooring site while the owner and guests are on the island, a fueling facility has not 
been included within this basin.  All Bell Island vessels will be fueled at the service/barge 
landing area on the western side of the island, therefore aiding the overall cleanliness of the 
yacht basin.  



Bell Island Flushing Memo 
January – 2011 

Page 2 of 4 
 
 

 
Figure 1: Proposed Bell Island Yacht Basin 

 
A point source pollutant has been chosen for this flushing study, representing a realistic scenario 
(ie. sewage spill).  The contaminant was released into the basin over a period of four (4) hours to 
simulate the worse case scenario of a holding tank malfunctioning.  At hour four (4) the 
contaminant is no longer added, thus the maximum concentration of one hundred (100) percent.  
This represents a scenario more extreme than this basin would ever be exposed to due to the 
highly trained island staff.  The contaminant was added at the beginning of the transition from an 
ebb tide to a flood tide.  This provides the worse-case-scenario, trapping the contaminant in the 
basin for the first six (6) hours.  The diffusion of the pollutant was then observed over the next 
eighteen (18) hours.  A proposed flushing culvert was also analyzed to show the improvement of 
adding one later on, if water quality deems unfit.  After twenty-four (24) hours the contaminant 
percentage had been reduced to eighteen percent (18.0%) without the culvert, and to fourteen 
percent (14.0%) with the flushing culvert.  This proves that the proposed yacht basin, even 
without the flushing culvert, will adequately flush, preventing the buildup of pollutants or 
nutrients, and thus creating a healthy marine environment. 
 
Service/Barge Landing:  This area was designed to facilitate the permanent mooring of the 
working vessels of the island, fuel the owner’s or guest’s vessels, and the loading and unloading 
of supplies and equipment from supply barges.   
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Figure 2: Proposed Bell Island Service/Barge Landing 

 
A point source pollutant has also been chosen for this flushing study representing a realistic 
scenario (ie. a fuel or sewage spill).  The contaminant was released, just like the yacht basin, 
over a period of four (4) hours to simulate a worse case scenario of a holding or fuel tank 
malfunctioning.  This represents a scenario more extreme than this basin would ever be exposed 
to due to the highly trained island staff and regularly maintenanced vessels.  After twenty-four 
(24) hours the contaminant percentage had been reduced to fifteen point nine percent (15.9%) 
without the culvert, and to ten point six percent (10.6%) with the flushing culvert.  This proves 
that the proposed service/barge landing, even without the flushing culvert, will adequately flush, 
preventing the buildup of pollutants or nutrients, within the service/barge landing area.   
 
This area has undergone major revisions and an updates since the initial flushing study was 
performed.  An updated layout of the proposed basin can be found in Figure 3.  The new barge 
landing and service basin will facilitate loading and unloading supplies and equipment from 
supply barges, loading and unloading of guests to the island, and provide safe mooring for the 
island’s working fleet. 
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Figure 3: Updated Bell Island Service/Barge Landing 

 
It is expected that the new service basin will flush better than the originally proposed layout.  
The outside breakwater was reduced allowing water to enter and exit the basin more freely.  Two 
flushing culverts are proposed, one within the western leg of the structure and one underneath the 
fixed dock.  These culverts will aid in increased water circulation preventing stagnant water and 
the build up of pollutants and nutrients within the basin.  These improvements will promote a 
healthier marine environment than originally proposed. 
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Reconnaissance of Proposed Channel and Dockage Sites: 
Bell Island, Exumas 

 
Introduction 

eVm research & design was tasked to examine three sites near Bell Island (aka Big Bell 
Island), located in the central Exuma Cays. Sky conditions were partly cloudy with a 
north wind ~12 kts. Sea conditions were calm to a light chop and underwater visibility 
~75’. Sites were examined by snorkeling on 18 Feb., 2010. Surface support was provided 
by the client. The sites are described in the order they were visited. 

Site Descriptions & Recommendations 
Yacht Basin Approach 

A dredged channel is proposed leading to a yacht basin along the SE corner of 
Bell Island (Fig. 1). The shoreline is native limestone fringed by sloping hardground 
approximately 15-20’ wide (Fig. 2). Beyond the hardground is a relatively flat area ~6-
10’ of sparse Thalassia testudinum (turtle grass). The sparse grass bed is tapered towards 
the east by an offshore sand bore. The proposed channel would breach the shoreline, 
cross the hardground fringe, follow the sparse grass bed and cross the sand bore in an 
easterly direction to a deep (~15’+) tidal channel.  

Small isolated corals, sponges and gorgonians are present on the ledge along 
with a few “micro” patch reefs (Fig. 3a), small clumps of medium-sized coral heads 
(probably Montastrea annularis complex) that are mostly dead but have been 
colonized by other corals, sponges and other patch reef biota. A single colony of 
Montastrea faveolata (~0.5 m diameter) is growing very close to the shoreline just to the 
west of the proposed channel (Fig. 3b). A cluster of medium-sized (~1+ m diameter) 
coral heads was observed in the deep channel near the eastern terminus of the 
proposed basin approach. Most appeared to be largely dead with subsequent 
colonization as described above. No direct impact on these heads is anticipated. 

Recommendations: Most corals in the reconnaissance area will be avoided by the 
proposed project as planned. It is recommended that the inshore edge of the 
proposed channel lie along the hardground–sand interface (Fig. 2).  Thus, the 
dredging will primarily affect the sparse grass bed and nearby sand bore with low 
environmental impact.  

Near the western terminus where the shoreline is to be breached, there is a micro 
patch reef just off of the ledge that lies within the proposed channel area. While this 
is not considered to be a very significant reef (many would not consider it a reef at 
all), it does have several species of coral, other reef biota and structure that supports 
a small school of French grunts (Haemulon flovolineatum), mahogany snapper 
(Lutjanus mahogoni), several squirrelfish (Holocentrus adscensionis), and other small 
reef species. One ~30 cm Nassau grouper  (Epinephelus striatus) and an Indo-Pacific 



________________________________________________________________________________ 
 

  Reconnaissance of Proposed Channel and Dockage Sites; Bell Island, Exumas                 
  eVm research & design                Maple City, Michigan                                     22 Feb., 2010 
 

2

lionfish (Pterois volitans or miles) were observed seeking concealment within the 
structure. The latter is an invasive exotic species. This micro patch reef was the most 
diverse observed in the immediate area. One could argue that destruction of this 
structure would not constitute a significant environmental loss. However, if one 
wanted to take the most conservative approach, it would not be technically 
challenging to move this micro patch reef a short distance (probably westward) out 
of the proposed channel footprint. There is abundant hardground to serve as 
substrate. 

It is further recommended that care be taken during dreging operations to avoid 
sedimentation or collateral damage to corals close to the proposed channel. 

Barge Landing Channel 
This project area lies along the northwesters edge of Bell Island (Fig. 4).  The northern 
portion of this site has a scarified hard bottom with sand-filled depressions. Very few 
sessile organisms, including a few small corals, were observed on exposed hard 
substrate. It appears that this area is heavily sand scoured and variable sedimentation 
has probably prevented the long-term establishment of sessile organisms. The southern 
portion is sandy with sparse grass.  
 

Recommendations: No significant environmental impact is anticipated in the project 
area and no actions recommended. 

 
Barge Landing 

 
Located in a cove on the southwestern side of Bell Island (Fig. 5), most of this area is 
sandy bottom with two small patches of coral rubble providing some relief. A few small 
colonies of live hard corals were observed on the rubble but these features did not 
contribute enough structure to attract many other organisms. Near the existing dock is 
a sizable limestone outcropping in very shallow water, partially exposed to air at low 
tide. A few, small corals were observed but, again, few other biota were attracted to it. 
 
The dock pilings had the most significant coral colonies in the area. Some Porites porites 
colonies are quite sizable and have grown into complex shapes. As these are on man-
made structures, one could argue that they wouldn’t be there naturally and are thus 
considered incidental taking. 
 

Recommendations: None of the benthic features are considered significant enough 
to warrant moving or other mitigation. While no recommendations are made 
regarding the corals on the pilings, it may be of interest to the client to create a small 
coral nursery/artificial reef with some of the concrete pilings and corals from other 
pilings (to be disposed of) that would be accessible to themselves and their guests.  



3a 
3b 

3c 

A 

A’ 

Fig. 1 – Yacht Basin Approach. Shoreline profile A-A’ shown below in Fig. 2. Circles 
refer to Fig. 3a-c. Image provided by Turrell, Hall & Associates, Inc. 

15-20’ 

8’ 

A A’ 
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Fig. 2 – Yacht Basin Approach. Shoreline profile A-A’. Not to scale; dimensions 
approximate. Arrow indicates recommended inner limit of channel dredging. 



Fig. 3 – a. Typical “micro” patch reef on 
hardground extending out from the shoreline. 
b. Montastrea faveolata colony along 
shoreline. c. Micro patch reef located within 
proposed channel.  

c. a. 

b. 

_______
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Fig. 4 – Barge Landing Channel. Image provided by Turrell, Hall & Associates, Inc. 
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Fig. 5 – Barge Landing. Image provided by Turrell, Hall & Associates, Inc. 
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Reconnaissance of Proposed Channel and Dockage Sites: 

Bell Island, Exumas 

 
Revision Notes 

This revision is based on changes to the proposed project scope, specifically the 

elimination of some dredge areas.  The Yacht Basin Approach site is unchanged, the 

Barge Landing Basin has been modified as shown in Figure 4 and the Barge Landing 

Channel has been eliminated. The description of the sites has been re-ordered to 

reflect the changes and some text has been changed for greater clarity.  

Introduction 

eVm research & design was tasked to examine three sites near Bell Island (aka Big Bell 

Island), located in the central Exuma Cays. Sky conditions were partly cloudy with a 

north wind ~12 kts. Sea conditions were calm to a light chop and underwater visibility 

~75’. Sites were examined by snorkeling on 18 Feb., 2010. Surface support was provided 

by the client. The sites are described in the order they were visited. 

Site Descriptions & Recommendations 

A. Yacht Basin Approach 

A dredged channel is proposed leading to a yacht basin along the SE corner of 

Bell Island (Fig. 1). The shoreline is native limestone fringed by sloping hardground 

approximately 15-20’ wide (Fig. 2). Beyond the hardground is a relatively flat area ~6-

10’ of sparse Thalassia testudinum (turtle grass). The sparse grass bed is tapered towards 

the east by an offshore sand bore. The proposed channel would breach the shoreline, 

cross the hardground fringe, follow the sparse grass bed and cross the sand bore in an 

easterly direction to a deep (~15’+) tidal channel.  

Small isolated corals, sponges and gorgonians are present on the ledge along 

with a few “micro” patch reefs, small clumps of medium-sized coral heads (probably 

Montastrea annularis complex) that are mostly dead but have been colonized by other 

corals, sponges and other reef biota. Some of these are close to the proposed yacht 

basin approach channel (Fig. 3a) and at least one is within the proposed channel area 

(Fig. 3c). A single colony of Montastrea faveolata (~0.5 m diameter) is growing very 

close to the shoreline just to the west of the proposed channel (Fig. 3b). A cluster of 

medium-sized (~1+ m diameter) coral heads was observed in the deep channel near 

the eastern terminus of the proposed basin approach. Most appeared to be largely 

dead with subsequent colonization as described above. No direct impact on these 

heads is anticipated. 

Recommendations: Most corals in the reconnaissance area will be avoided by the 

proposed project as planned. It is recommended that the inshore edge of the 

proposed channel lie along the hardground–sand interface (Fig. 2).  Thus, the 
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dredging will primarily affect the sparse grass bed and nearby sand bore with low 

environmental impact.  

Near the western terminus where the shoreline is to be breached, there is a micro 

patch reef just off of the ledge that lies within the proposed channel area (Fig. 3c). 

While this is not considered to be a very significant reef (many would not consider it a 

reef at all), it does have several species of coral, other reef biota and structure that 

supports a small school of French grunts (Haemulon flovolineatum), mahogany 

snapper (Lutjanus mahogoni), several squirrelfish (Holocentrus adscensionis), and 

other small reef species. One ~30 cm Nassau grouper  (Epinephelus striatus) and an 

Indo-Pacific lionfish (Pterois volitans or miles) were observed seeking concealment 

within the structure. The latter is an invasive exotic species. This micro patch reef was 

the most diverse observed in the immediate area. It is recommended that this micro 

patch reef, along with isolated corals, be relocated a short distance (probably 

westward) out of the proposed channel footprint. There is abundant hardground to 

serve as substrate. 

It is further recommended that care be taken during dredging operations to avoid 

sedimentation or collateral damage to any corals (i.e. Fig. 3b) and micro patch reefs 

(i.e. Fig 3a) close to the proposed channel. 

B. Barge Landing 

Located in a cove on the southwestern side of Bell Island (Fig. 4), most of this area is 

sandy bottom with two small patches of coral rubble providing some relief. A few small 

colonies of live hard corals were observed on the rubble but these features did not 

contribute enough structure to attract many other organisms. Near the existing dock is 

a sizable limestone outcropping in very shallow water, partially exposed to air at low 

tide. A few, small corals were observed but, again, few other biota were attracted to it.  

Since the reconnaissance survey, the proposed area of dredging has been reduced 

substantially. From the drawings provided, it appears that the limestone outcropping 

described above will be avoided by dredge operations.  

 

The dock pilings had the most significant coral colonies in the area. Some Porites porites 

colonies are quite sizable and have grown into complex shapes. As these are on man-

made structures, one could argue that they wouldn’t be there naturally and are thus 

considered incidental taking. 

 

Recommendations: None of the benthic features are considered significant enough 

to warrant moving or other mitigation. While no recommendations are made 

regarding the corals on the pilings, it may be of interest to the client to create a small 

coral nursery/artificial reef with some of the concrete pilings and corals from other 

pilings (to be disposed of) that would be accessible to themselves and their guests.  

 

C. Barge Landing Channel - This site has been eliminated from the proposed scope 

of work. 
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Fig. 1 – Yacht Basin Approach. Shoreline profile A-A’ shown below in Fig. 2. Circles 

refer to Fig. 3a-c. Image provided by Turrell, Hall & Associates, Inc. 
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Fig. 2 – Yacht Basin Approach. Shoreline profile A-A’. Not to scale; dimensions 

approximate. Arrow indicates recommended inner limit of channel dredging. 
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Fig. 4 – Barge Landing Basin. Original dredge area in green with revised 

dredge area in yellow. Image provided by Turrell, Hall & Associates, Inc. 

Fig. 3 – a. Typical “micro” patch reef on 

hardground extending out from the shoreline. 

b. Montastrea faveolata colony along the 

shoreline near the proposed yacht basin 

approach channel. c. Micro patch reef 

located within the proposed channel.  

c. a. 

b. 
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BAHAMIAN INVASIVE SPECIES 



The Bahamas Invasive Plant Species 

1. Rosary pea Abrus precatorius 
2. Asparagus fern Asparagus densiflorus 
3. Poor man's Orchid, Orchid tree Bauhinia variegata 
4. Australian Pine, Beef Wood Casuarina equisetifolia 
5. Suckering Australian pine Casuarina glauca 
6. Day jessamine Cestrum diurnum 
7. Lather leaf Colubrina asiatica 
8. Winged yam Dioscorea alata 
9. Air potato Dioscorea bulbifera 
10. Water hyacinth Eichhornia crassipes 
11. Surinam cherry Eugenia uniflora 
12. Azores jasmine, Brazilian jasmine Jasminum fluminensis 
13. Lantana, shrub verbena, angel lips, prickly lantana, Lantana camara 
14. Jumbey Leucaeuna glauca 
15. Cat's claw vine Macfadyena unguis-cati 
16. Sapodilla Manilkara zapota 
17. Melaleuca, paper bark Melaleuca quinquenervia 
18. Asian sword fern Nephrolepis multifora 
19. Torpedo grass Panicum repens 
20. Napier grass Pennisetum purpureum 
21. Scaevola, Half-flower, Beach naupaka, 
22. White inkberry, Hawaiian segrape, Asian Scaevola Scaevola taccada 
23. Schefflera, Queensland umbrella tree Schefflera actinophylla 
24. Brazilian pepper, Bahamian holly Schinus terebinthifolius 
25. Arrow head vine Syngonium podophyllum 
26. Seaside mahoe, cork tree, Spanish cork Thespesia populnea 
27. Wedelia Wedelia trilobata 
28. Napier grass Pennisetum purpureum 
29. Bay Rum Pimenta racemosa 
30. Almond Prunus amygdalus 
31. Castor Bean Ricinus communis 
32. Mexican petunia Ruellia brittoniana 
33. Schefflera, Queensland umbrella tree Schefflera actinophylla 
34. Flame of the forest, African tulip tree Spathodea campanulata 
35. Arrow head vine Syngonium podophyllum 
36. Seaside mahoe, cork tree,Spanish cork Thespesia populnea 
37. Star Jasmine Trachelosperumum jasminoides 
38. Wedelia, carpet daisy Wedelia trilobata 



The Bahamas Invasive Bird Species  

1. Rock Dove Columba livia 
2. Shiny Cowbird Molothrus bonariensis 
3. House Sparrow Passer domesticus 
4. Eurasian Collared Dove Streptopelia decaocta 

 

The Bahamas Invasive Terrestrial Animal Species 

1. Holstein Bos taurus 
2. Dogs all types/breeds Canis spp. 
3. Goat Capra hicus 
4. Corn snake Elaphe guttata 
5. Caribbean tree frog, common coqui Eleutherodactylus coqui 
6. Donkey Equus asinus 
7. Cats all types/breeds Felis catus 
8. Mouse Mus musculus 
9. Sheep Ovis aries 
10. Racoon Procyon lotor 
11. Norway rat Rattus norvegicus 
12. Ship rat Rattus rattus 
13. Red imported fire ant Solenopsis invicta 
14. Pig Sus scrofa 
15. Red-eared slider Trachemys scripta 
16. Brown recluse spider Loxosceles reclusa 
17. Little fire ant Wasmannia auropunctatus 



The Bahamas Invasive Aquatic Species 

1. Clown fish Amphiprion sp 
2. Brine shrimp Artemia cysts 
3. Blue crab Callinectes sapidus 
4. Dragonet Callionymus lyra 
5. Red claw Cherax quadricarinatus 
6. Banded shark Chiloscyllium punctatum 
7. Brown Bamboo shark Chkosoyllium piunctatum 
8. Sea nettle Chrysoara quinquechirra 
9. Cichild fish Family Cichlidae 
10. American oyster Crassostrea virgnica 
11. Green algae Dunaliella sp. 
12. Queenland grouper Epinephelus lanceolatus 
13. Blue-girded angelfish Euxiophipops navarchis 
14. Yellow-faced angelfish Euxiophipops xanthometapm 
15. Bamboo shark Hemiscylliidae 
16. Zebra Bullhead shark Heterodontus zebras 
17. Algae Nannochloropsis oculata 
18. Tilapia Oreochrommis ureblepis 
19. Sea anemona Radianthus 
20. Lionfish Pterois volitans 

 

 

 

 



 
APPENDIX V 

 
 

CITED REFERENCES 



REFERENCES 

200 Tropical Plants of the Caribbean, Kingsbury J.M., Bullbrier Press, 1988  

A Birders Guide to the Bahama Islands, White A. W., American Birding Association, 
1998 

A cruising guide to the Exuma Cays Land and Sea Park, Pavlidis S.J. and Darville R., 
Night Flyer Enterprises, 1994.  

A Guide to Caribbean Vegetation Types: Preliminary Classification System and 
Descriptions. Areces-Mallea, A.E., Weakley, X., Li, R.G., Sayre, J.D., Parrish, C.V., 
Tipton and T. Boucher, 1999.  The Nature Conservancy, Washington D.C. 

Bahamian Archaeology, Keegan W. F, Media Publishing, 1997 

Bahamian Landscapes, Third Edition, Sealey N. E., Macmillan Publishers 2006. 

Böhlke, Eugenia B.  Fishes of the Bahamas and Adjacent Waters.  2nd ed.  Texas:  
University of Texas Press, 1993.  Print. 

Caribbean Environment Programme Technical Report #43, 1998 

Caribbean Reef Plants, Littler, D.S., Littler, M.M , Offshore Graphics, Inc., 2000 

Casuarinas: a clear and present danger, Hammerton J.L., Bahamas Journal of Science, 
Volume 9, Number 1, 2001 

Correll, D.S. and H. B. Correll.  1982.  Flora of the Bahama Archipelago.  Straus and 
Cramer, German. 
 
Dawes, Clinton J.  Marine Algae of the west coast of Florida.  Florida:  University of 
Miami Press, 1974. Print. 
 
Digiamberardino, T. 1986. Changes in a south east Florida coastal ecosystem after 
elimination of Casuarina equisetifolia. Unpublished, Nova University. 

Effects of Estuarine Fragmentation on Fish Assemblage Structure on Andrso Island, 
Layman, C. A., Arrington, D. A., Langerhans, R. B., Reed Silliman, B., Bahamas Journal 
of Science, Vol.12, Number 1, 2004 

Fishes of The Bahamas and adjacent tropical waters, Bohlke J.B., Chaplin C.G., 
University of Texas Press, 1968 

Florida Exotic Pest Plant Council. 2009. Invasive Plant List. 
http://www.fleppc.org/list/list.htm, retrieved September 23, 2009. 



Flowers of The Bahamas and Caribbean Basin, Huber L., Island Merchants Ltd., 2002 

Gammill, E. R.  Identification of Coral Reef Sponges.  Florida:  Providence Marine 
Publishing, Inc., 1997.  Print. 

Guide to the Birds of the West Indies, Raffaele H., Wiley J., Garrido O., Keith A., 
Raffaele J.,Princeton University Press, 1998 

Humann, Paul and Ned Deloach.  Reef Coral Identification:  Florida Caribbean 
Bahamas. 2nd ed.  Florida:  New World Publications, Inc., 2003.  Print. 
 
Humann, Paul and Ned Deloach.  Reef Creature Identification:  Florida Caribbean 
Bahamas. 2nd ed.  Florida:  New World Publications, Inc., 2002.  Print. 

Humann, Paul and Ned Deloach.  Reef Fish Identification:  Florida Caribbean Bahamas. 
3rd ed.  Florida:  New World Publications, Inc., 2002.  Print. 
 
Invasive Alien Plants to look out for, Hammerton J.L., Bahamas Journal of Science, 
Volume 10, Number 1, 2002 

Kaplan, Eugene H.  Peterson’s Field Guides:  Coral Reefs Caribbean and Florida.  
Series 27.  New York:  Houghton Mifflin Company, 1982.  Print. 
 
Kaplan, Eugene H.  Peterson’s Field Guides:  Southeastern and Caribbean Seashores..  
Series 27.  New York:  Houghton Mifflin Company, 1982.  Print. 

Marine Plants of the Caribbean, Scullion Littler D., Littler M.M., Bucher K. B., Norris J. 
N., Simthsonian Institution Press, 1989 

Mikkelsen, Paula M. and Rüdiger Bieler.  Seashells of Southern Florida.  New Jersey:  
Princeton University Press, 2008.  Print. 

Native Trees and Shrubs of the Florida Keys, Scurlock, J.P., Laurel and Herbert, Inc., 
1987 

Native Trees of The Bahamas, Patterson J., Stevenson G., Jack Patterson, 1977 

Redfern, Colin.  Bahamian Seashells:  A Thousand Species from Abaco, Bahamas.   
Florida:  Bahamianseashells.com, Inc., 2001.  Print. 
 
Scullion Littler, Diane, Mark M. Littler, Katina E. Bucher, and James N. Norris.  Marine 
Plants of the Caribbean:  A Field Guide from Florida to Brazil.  Washington D.C.:  
Smithsonian Institute, 1989.  Print. 

Seashore Plants of South Florida and the Caribbean, Nellis D.W., Pineapple Press 1994 



Spatio-temporal variability in abundance, size and microhabitat associations of early 
juvenile Nassau grouper, Epinephalus striatus, in an off-reef nursery system, Dahlgren, 
C. P., Eggleston, D. B., Marine Ecology Progress Series, Volume 217, pages 145-156, 
2001  

United Nations Commission on Sustainable Development 2004 

Yachtsmans Guide to The Bahamas, 2002, Tropical Island Publishers 

 
 
 
 
 



 
APPENDIX VI 

 
 

RESUMES OF PERSONNEL INVOLVED 
IN THE EIA 









































  Dahlgren CV 

CRAIG P. DAHLGREN 
Perry Institute for Marine Science 
100 N. US Highway 1, Suite 202 

Jupiter, FL 33477 
(561)741-0192 x231 

Cdahlgren@perryinstiture.org 
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1998 Ph.D. North Carolina State University  (Major: Marine Science; Minor: 
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2004-present Senior Research Scientist, Perry Institute for Marine Science, Lee 

Stocking Island, Bahamas 
2001-2004 Director of Scientific Operations, Perry Institute for Marine 

Science/Caribbean Marine Research Center, Lee Stocking Island, 
Bahamas 

2000-2001 Fisheries Director, Perry Institute for Marine Science/Caribbean Marine 
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1992-1994 Research Associate. NOAA/NURP National Undersea Research Center-
UNC Wilmington, Wilmington, NC 

1992  Research Technician, Bimini Biological Field Station, Bimini, Bahamas 
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Bahamas National Trust’s Parks Partnership Program  
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2000-present Perry Institute for Marine Science – Dive Control Board  
2000-2001 The Island School - Student Research Advisor 
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1999-2005 NOAA’s Caribbean Fishery Management Council - Science and Statistical 
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Current and Past Research Grants  
2010 Disney Wildlife Foundation: “Evaluating Nassau grouper Management in 

The Bahamas” $25,000/12 mos. PI. 
2009 USFWS Wildlife Without Borders-Latin America and Caribbean: 

“Managing MPA's in The Bahamas: Bonefish Pond National Park and 
Central Andros Marine Parks” $35,000/12 mos./PI 

2009 NOAA International Coral Reef Conservation Program: “Managing 
MPA's in The Bahamas: Bonefish Pond National Park and Central Andros 
Marine Parks” $75,000/18 mos. PI 

2008 Disney Wildlife Foundation: “Ensuring Nassau grouper’s Future IV” 
$20,000/12 mos. PI. 

2007 The Ocean Fund: “Marine Protected Areas in the Bahamas: Evaluation for 
improved management” $30,000/12 mos. PI 

2007 Disney Wildlife Foundation: “Ensuring Nassau grouper’s Future III” 
$20,000/12 mos. PI. 

2006 Kerzner Marine Foundation: “Developing an evaluation program for the 
Andros Island National Park” $300,000/3 years PI. 

2006 NOAA’s International Program Office - Coral Reef Conservation Grant 
Program: “Evaluating Marine Protected Areas in the Bahamas and Belize” 
$73,385/18 mos. PI 

2006 Disney Wildlife Foundation: “Ensuring Nassau grouper’s Future II” 
$20,000/12 mos. PI. 

2006 The Curtis and Edith Munson Foundation: “Developing a Caribbean 
Fisheries Research Program” $20,000/12 mos. PI 

2005 National Fish and Wildlife Foundation: “Evaluating Coral reef Marine 
protected areas” $47,000 12 mos. PI. 

2005 Disney Wildlife Foundation: “Protecting Nassau grouper” $20,000/12 
mos. PI. 

2005 Darden Environmental Trust: “The potential for spiny lobster aquaculture 
in Belize” $47,000/12 mos. PI. 

2004 NOAA’s International Program Office - Coral Reef Conservation Grant 
Program: “Understanding movement of Caribbean coral reef fishery 
species: Improving the design of marine reserves in the Caribbean”  
$30,000/18 mos. PI 

2004 Darden Environmental Trust: “The ecology and fisheries productivity of 
the Caribbean spiny lobster, Panulirus argus in the Bahamas and Belize” 
$90,000/12 mos. PI. 

2004 Disney Wildlife Conservation Fund: “Marine Conservation in the 
Bahamas” $10,000/12 mos. PI. 

2004 The Nature Conservancy RJ Kose Grant Award: “Developing indicators 
for conservation and restoration of critical wetland nursery habitats in the 
tropical western Atlantic” 100,000/12 mos. (co-PI with Phil Kramer, The 
Nature Conservancy) 
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2004 NOAA’s Undersea Research Program: “Spatial Patterns of marine 
biodiversity and their implications for the design of MPA networks in 
coral reef ecosystems” $45,000/12 mos. (co-PI with D. Brumbaugh, 
American Museum of Natural History) 

2004 NOAA’s Undersea Research Program: “Marine Reserves and the spillover 
effect: seascape-scale movements of grouper and snapper” $98,000/24 
mos. (co-PI with M. Hixon, Oregon State University) 

2003 Darden Environmental Trust – “Increasing productivity of Caribbean 
spiny lobster in the Bahamas and Belize: aquaculture, stock enhancement 
or habitat enhancement?” $100,000/12 mos. PI. 

2003 Disney Wildlife Conservation Fund: “Marine Reserves in the Bahamas” 
$6,500/12 mos. PI. 

2003 National Fish and Wildlife Foundation: “Protecting coral reef ecosystems 
II” $47,500/12 mos. PI. 

2002 Disney Wildlife Conservation Fund: “Monitoring and building support for 
marine reserves in the Bahamas” – $16,000/12 mo. P.I. 

2002 NOAA’s Undersea Research Program “Marine Reserves and the Spillover 
Effect: movements of coral-reef grouper and snapper at multiple scales” – 
98,689/2 yr. (co-PI with M. Hixon, Oregon State University) 

2002 NOAA’s Undersea Research Program “Connectivity and the Spatial 
Dynamics of a Nassau Grouper Metapopulation in the Bahamas: Fulfilling 
urgent, key information needs for conservation” – $127,074/2 yr. (co-PI 
with D. Eggleston, North Carolina State University) 

2002 National Fish and Wildlife Foundation – “Marine reserves for protecting 
coral reef ecosystems: efficacy, design and stakeholder participation” – 
$37,000/12 mos. PI. 

2002 NOAA’s Undersea Research Program – “Site assessment of proposed 
Bahamian Marine Protected Areas: Research cruise aboard the R/V F.G. 
Walton Smith” $70,000/12 mos.  PI. 

2002 The Ocean Fund: “Research and education in support of marine protected 
areas in the Bahamas” $31,250/12 mos. PI. 

2001 Darden Environmental Trust: “Increasing productivity of Caribbean spiny 
lobster: stock enhancement or habitat enhancement?” - $51,625/12 mo., PI  

2001 Disney Wildlife Conservation Fund:  “Designing, monitoring, and 
building support for a marine reserve in the Bahamas II” – $20,000/12 
mo., PI. 

2001 National Science Foundation: “Coupled natural and human dynamics in 
coral reef ecosystems: the effects of marine reserve network design and 
inplementation on fisheries, biodiversity and humans” – $2,500,000/5 yr. 
(with D. Brumbaugh, American Museum of Natural History; $200,000 to 
C. Dahlgren) 

2001 PADI AWARE: “Marine science teacher’s enhancement initiative: Coral 
reefs” - $1,000/12 mos. PI 

2000 US Fish and Wildlife Service: “Coral reef fish habitat, connectivity, and 
recruitment study: Part II” -$70,000/12 mo., PI. 
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2000 NOAA’s Undersea Research Program: “Spawning aggregations of Nassau 
grouper: Essential habitat, population structure, and fish movement 
patterns” - $49,000/2 yr. (co-P.I. with D. Eggleston, North Carolina State 
University) 

2000 Disney Wildlife Conservation Fund: “Designing, monitoring, and building 
support for a marine reserve in the Bahamas”. – $19,800/12 mo., PI. 

2000 National Science Foundation (FSML): “FSML- Analytical Laboratory at 
the Caribbean Marine research Center facility at Lee Stocking Island, 
Bahamas” - $113,837/12 mo. (co-PI with J. Marr, Perry Institute for 
Marine Science) 

2000 National Science Foundation (Biocomplexity): “Development of an 
integrated research plan for analyzing the viability of a marine reserve 
network” - $100,000/12 mo. (co-PI with Rob DeSalle, American Museum 
of Natural History) 

1999 US Fish and Wildlife Service: “Coral reef fish habitat, connectivity, and 
recruitment study” -$70,000/12 mo., PI. 

1996 Sigma Xi Grant in Aid of Research: “Mechanisms underlying ontogenetic 
habitat shifts in juvenile Nassau grouper, Epinephelus striatus” - $800/12 
mo., PI 

 
Presentations 
Contributed:  Marine Benthic Ecology Meetings (1994, 1995, 1997, 1998), Mote 

International Symposium on Essential Fish Habitat and Marine Reserves (1998), 
Gulf and Caribbean Fisheries Institute (2000), International Bonefish and Tarpon 
Symposium (2003). International Coral Reef Symposium (2004) 

 
Invited:  UNC Wilmington (1994, 1997), EPA Marine and Estuarine Shallow Water 

Science and Management Conference (1996), NC State University (1998), 
BREEF, Marine Reserves for the Bahamas Workshop (1998, workshop leader); 
Scientific Review of the Marine Reserve Network proposed by the Bahamas 
Department of Fisheries (1999), NOAA/NURP review of the Caribbean Marine 
Research Center (2000), Association of Marine Laboratories of the Caribbean 
Meeting (2000), US Coral Reef Task Force, Workshop on Marine Protected 
Areas for Coral Reefs (2000), Bahamas Environment, Science and Technology 
Commission, Workshop on Issues Related to the Bahamian Marine Environment 
(2000, workgroup facilitator), Bahamas Department of Fisheries: Marine 
Reserves Planning Workshop (2001), Back Reef Habitats: Ecological Analysis, 
and Characterization Workshop (2002), Bahamas Department of Fisheries Nassau 
Grouper Workshop (2002), Bahamas National Trust Environmental Partnership 
Symposium (2002). 

 
Popular Literature/Media 
Hanging in the Balance – Documentary featuring my research on the use of marine 

protected areas for marine conservation  (2004). 
The Exuma Sentinel – Regular contributor of articles on marine life and marine research 

for local newspaper (2002-2003). 
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Future Storm – Discovery Channel Europe program highlighting current research on 
climate change and environmental stresses to coral reefs in the Bahamas (aired 
Fall 2002). 

Past and current research featured in articles appearing in National Fisherman, Sea 
Technology and other marine publications. 

 
Research Expeditions 
2007 Spiny Lobster Stock Assessment of the Federated States of Micronesia. 
2003 The Ocean Conservancy and CORALINA’s Expedition to the Northern Cays of 

the San Andrés Archipelago of Colombia: Quitasueño, Roncador and Serrana 
Banks (M/V Spree; D. Heinemann, P.I.; C. Dahlgren, Fish Assessment Team 
Leader).  

2002 Eastern Caribbean Partnership Program: Grenada Research Cruise (R/V 
Suncoaster; M. Crosby, P.I., C. Dahlgren Co-P.I.) 

2002 Eastern Caribbean Partnership Program: Antigua Research Cruise (R/V 
Suncoaster: M. Crosby, P.I., C. Dahlgren Co-P.I.) 

2002  Bahamas MPA Site Assessment Research Cruise (R/V F.G. Walton Smith, C. 
Dahlgren P.I.) 

1999 Center for Marine Conservation Tortugas/Riley’s Hump Research Cruise (M/V 
Spree, C. Dahlgren, P.I.) 

1994 Spiny lobster survey – Exuma Sound (R/V Shadow, R. Lipcius, P.I.) 
1993 Benthic Chemical Ecology Research Cruise (R/V Columbus Islan; W. Fenical, 

P.I.) 
1992 Effects of Hurricane Andrew on the Great Bahama Bank (R/V Calanus; C. 

Neuman, P.I.) 
 
Professional Activities and Societies 
Reviewer:  Journal of Marine and Freshwater Research, Marine Ecology Progress Series, 

Bulletin of Marine Science, Fishery Bulletin, National Undersea Research 
Program, National Sea Grant College Program, Coral Reefs.  

 
Education/Outreach activities: Organizer of RECON training workshop for recreational 

divers to participate in coral reef condition assessments in the Bahamas; 
Organizer of REEF training workshop for recreational divers to participate in reef 
fish assessments in the Bahamas; contributor to environmental education program 
for 5th and 6th grade students in the Bahamas; scientific advisor for the Cape 
Eleuthera Island School (high school) student research projects    

 
Membership to Professional Societies:  Ecological Society of America, International 

Society for Reef Studies, Gulf and Caribbean Fisheries Institute, American 
Academy of Underwater Sciences 

 
Certifications: SCUBA – PADI: Open Water, Advanced Open Water; NAUI: Nitrox, Dry 

Suit; International Association of Nitrox and Technical Divers: Nitrox; Divers 
Alert Network Oxygen provider, First Aid, Advanced First Aid, CPR  
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Introduction 
 
This report reflects a rapid assessment of habitats and biological resources around Bell Island.  
Based on time constraints and priorities related to the proposed dredging activities, efforts were 
focused on the areas proposed for dredging (Barge Landing Basin and Yacht Channel) and an 
impact zone encompassing all marine areas within 250m of the center of proposed dredging 
activities.  Within these areas, objectives were to (1) map habitats and (2) assess biological 
resources including corals, seagrass, and other benthic organisms, as well as fish and 
economically and ecologically important invertebrates such as conch, crawfish and the long-
spined sea urchin Diadema antillarum. Detailed habitat mapping and quantitative biological 
surveys within representative habitats were conducted within these areas.  In addition, qualitative 
surveys of habitats and biological resources were conducted out to 1km of dredging operations 
within Estimated Turbidity Zones, areas in which suspended sediments and particulates from 
dredging operations might be transported by tidal currents.  
 
Habitat Mapping 
 
To gain a better understanding of the marine resources likely to be impacted by the proposed 
dredging activities at Bell Island, marine habitats have been mapped within a 250m radius 
“Impact Zone” around each proposed dredging site and within an “Estimated Turbidity Zone” 
which includes areas within 1km of the proposed dredging site that may be impacted by 
sediment plumes due to transport in tidal currents.  A description of the field portion of mapping 
is presented below. 
 
Methods  
 
To rapidly characterize marine habitats within 250 meters of the proposed dredged areas on Bell 
Island (see Figure Bell Island Turbidity map), we employed a towed diver survey, whereby a 
snorkeler was slowly towed behind a boat and signaled the habitat type under the boat 
throughout the towed survey.  On the boat, the habitat type was recorded and a waypoint marked 
approximately every 20 m. The diver was towed in a grid pattern that ran transects across the 
survey area with the distance between transects ranging from approximately 20-50m.  Because 
the boat could not safely and effectively survey close to the shoreline, surveys within 30 m of the 
shoreline were conducted by snorkeling. Additional data points were collected from spot checks 
on features that appeared interesting from a aerial photograph of the area and from biological 
surveys conducted in seagrass areas. This resulted in habitat type data being collected for over 
560 points within both dredge impact zones and in adjacent Estimated Turbidity Zones. Habitats 
were classified into 6 main habitat groups and 3 unique habitats that occurred in specific 
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Habitats 
 

1. Sparse – Medium Density Seagrass – This habitat occurs in sandy substrate, with 
occasional rubble pieces throughout the survey areas.  The dominant seagrass species is 
usually Thalassia testudinum, but occasionally Syringodium filiforme (e.g., off the beach 
in the Barge Landing Basin Dredge area) and/or Halodule wrightii (adjacent to the sand 
bar in the Yacht Channel Dredge area and off the beach north or there within the 250 m 
radius area) are also present, either mixed with the Thalassia or on their own.  Occasional 
algae (e.g., Caulerpa, Laurencia,Halimeda) are also present).  Seagrass shoot densities 
range from 20 to 100 per m2. 

 

 
 

Typical Sparse Seagrass Habitat within the Barge Landing Basin Dredge Impact Zone.  Seagrass densities 
throughout both impact zones varied somewhat over short (<30m) distances. 

 
2. Dense Seagrass – This habitat occurs in patches in the survey area. Thalassia testudinum 

typically dominates this habitat. Within dense seagrass patches, sand was rarely visible 
and seagrass shoot densities exceed 100 per m2. 
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3. Hardbottom – Hardbottom habitats in the survey area typically occur along rocky 
shorelines and are characterized by a relatively low relief hard substrate covered 
primarily by macroalgae, including a mix of Batophora, Cladophora, Microdictyon and 
algal turf, occasionally with patches of Laurencia, Sargassum and other algae. Rubble 
may be present, particularly at the interface between this habitat and adjacent sandy 
areas.  Small corals (e.g., Favia fragum, Porites astreoides, Porites porites, Siderastrea 
radians, Manicina aereolata) and sponges (several encrusting and boring sponges, 
Aplysina fistularis) are occasionally found in this habitat, but they occupy a small amount 
of space within the habitat and do not provide much relief for fish and mobile 
invertebrates to use as a refuge. 

 
A. 

 
 
B. 
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C. 

 
 
Various examples of Hardbottom Habitats along rocky shorelines of Bell Island.  Note that all are dominated 
by macroalgae.  (A) is from the rocky shoreline along the Barge Landing Basin Dredging Impact Zone and is 
typical of low current Hardbottom habitats. (B) is typical of most Hardbottom Habitat within somewhat 
higher current areas, including most of the Yacht Channel Dredging Impact Zone and South Shoreline of 
Bell Island.  (C) is in the highest current areas towards the Southeastern tip of Bell island within the Yacht 
Channel Dredging Impact Zone and other areas of high current and/or wave exposure.   
 

4. Patch Reef - The Patch Reef habitat type includes areas of unconsolidated, often widely 
scattered living and dead coral heads surrounded by either hard or soft substrates.  The 
key feature that separates this habitat type from hardbottom habitats is the three 
dimensional structure that living and dead coral colonies provide and the value of this 
structure for supporting diverse fish and invertebrate communities. Individual coral 
colonies may range in size from 30 cm to 10m in diameter and may be comprised of 
100% living coral to colonies with <10% cover by live coral tissue. Most of the reef 
framework is comprised of living or dead Montastraea (boulder coral), Diploria (brain 
coral)and other massive corals, but other coral species frequently colonize areas where 
the primary structure producing coral has died off. These habitats typically also include 
high cover by algae as well as some sponge and gorgonian (soft coral) cover.  Because of 
the scattered nature of coral heads within a patch reef, it is difficult to delineate the edges 
of the reef or measure the total reef area during rapid assessments.  From a habitat 
perspective, the area in between corals may also be important foraging areas or serve 
other purpose for the diverse fish communities refuging in the structure provided by the 
coral heads. 
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Examples of Patch Reefs from the Yacht Channel Dredging Impact Zone (A-C) and the Barge 
Landing Basin Dredging Impact Zone (D-F).  Photos A-C are within the proposed dredging area 
for the Yacht Channel. The reefs in Photo A are the largest structure in the area and extend 
approximately 20 m from the shoreline.  Live coral cover is low, but there are still significant 
amounts of live coral on each head. Photo B is from the shoreline in the same area, where coral 
communities are patchily distributed, but have high coverage of live coral locally, particularly in 
places where the shoreline is undercut and in places where there are seeps of water coming up 
through the rocks (presumably nutrient rich water from the inland pond). Photo C shows coral 
heads towards the edge of the patch reef zone.  Photo D shows an overview of patch reefs 
immediately adjacent to the southern dredge area within the Barge 

A B 

C D 

D E 
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Landing Basin. Photo E shows a closer view of a typical coral head in this area (approximately 3 
m diameter). While live coral cover is generally low, there are several healthy coral colonies (or 
fragments of the original colony) on each head and fish life is abundant.  Photo F is of a Diploria 
labrynthiformes head from patch reefs farther to the South along the shoreline within the Barge 
Landing basin Dredging Impact Zone 
 

5. Channel Reef – Channel reef habitats are similar to patch reefs in that much of the 
structure is provided by scattered coral heads of varying species and sizes. They are 
somewhat unique, however, due to the fact that their location within high flow channel 
environments often causes them to be dominated by gorgonians (soft corals such as sea 
fans and plumes) and sponges as well as hard corals.  Channel reefs around Bell Island 
are relatively low relief (1.5-2m high) reefs compared to others in the Exuma Park (e.g., 
Jeep Reef), but they harbor the most diverse fish and benthic communities of any habitats 
around Bell island.    

 

 
 

 
 

Photos of the Channel Reef Habitat Type.  Both photos highlight the scattered distribution of coral heads and 
the abundance of gorgonians and sponges within the benthic community. 

 
6. Sand – Areas in which seagrass, other vegetation or hard substrate was noticeably absent.  

Sand areas included areas of high current energy, such as shifting ooid sand bars like the 
one in the proposed Yacht Basin dredging area, and shallow areas in which wave energy 
prevents vegetation from gaining a foothold.  Sand patches were also noted in protected 
embayments typically dominated by sparse seagrass. Sand was also a major habitat in 
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deeper parts of the Barge Basin Dredging Impact Zone, Barge Basin Dredging Impact 
Zone, perhaps due to prop=wash from the Mail Boat and larger vessels using this area. 

 
7. Rubble and Sand – This habitat type was limited to a few small areas.  While sand 

dominated these areas, there were also extensive rubble (small pieces of hard substrate) 
areas. Rubble was bare or had only small amounts of turf and/or macroalgae. 

 
8. Sparse Seagrass and Algae – This habitat is similar to the Sparse Seagrass habitat type 

except the seagrass and other substrate also have high cover of macroalgae, frequently 
Batophora. 

 

 
 

Photo of sparse Thalassia habitat in which the algae, Batophora  
comprises a significant portion of bottom coverage. 

 
9. Seagrass Detritus – There were a few areas where dead seagrass and other detritus had 

accumulated and were noted.  As with the Rubble and Sand habitat, this was not a major 
habitat within any of the impact zones. 
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Of the Habitat classes found around Bell Island, The Patch Reef and Channel Reef Habitats are 
the ones that support the greatest fish and benthic diversity, species of interest such as corals and 
commercially important species (e.g., grouper, snapper, crawfish), and biomass of fish.  Because 
the species that create the structure in these habitats (corals, gorgonians, sponges) are all 
sensitive to changes in turbidity and other water quality parameters, these habitats are most 
sensitive to impacts from dredging activities, even if they are outside of the immediate dredging 
area.  While some of these impacts may be minimized in Channel Reefs and in some Patch Reef 
areas due to high currents present in these areas,  the re-suspension of sediments may interfere 
with photosynthesis (in the case of corals) and/or feeding in these organisms and have a negative 
impact on them and the communities that they support. For this reason, these habitats should be 
considered of primary concern with respect to dredging activities. 
 
Although seagrass meadows may be less sensitive to the impacts of nearby dredging, seagrass 
meadows are not completely  free from impacts. Prolong changes in turbidity and sediment grain 
size as a result of dredging may impact seagrass growth. Similarly Queen conch and other 
species commonly found in seagrass bed may be sensitive to changes in sediments characteristics 
as a result of dredging. 
 
Biological Surveys 
 
In addition to Habitat Mapping, this study included Biological Surveys of fish and benthic 
communities as well as conch populations within some of the sensitive habitat areas. 
Understanding what biological resources are present in various habitats that may be affected by 
the proposed dredging operations will allow for actions to lessen dredging impacts on these 
resources and monitoring potential impacts. The quantitative surveys conducted were designed to 
assess representative areas of some of the more significant habitats that may be affected by 
dredging – Seagrass, Patch Reefs and Channel Reefs.  In additional to quanitiative assessments, 
qualitative observations during the habitat mapping were used to supplement this information.  
Further surveys may be necessary for monitoring or habitat transplanting efforts. 
 
Methods 
 
Biological surveys methods used to assess and monitor biological resources in the Exuma Park 
and other parts of the Bahamas were followed with some adaptations to allow for time 
constraints of this project and unique features of the habitats present in the survey area.  Fish and 
mobile invertebrate communities were assessed using 30m x 2 m belt transects in which all fish 
and select mobile invertebrates (Queen conch, Caribbean spiny lobster, long-spined sea urchins) 
were identified, their size was estimated and counted.  Along the same transect, substrate type 
and benthic organism cover was assessed at 50 cm intervals (60 points per transect). For 
analyses, substrates were divided into soft and hard substrates and hard substrate benthic 
organisms were grouped taxonomically into broad categories – Algae, Hard Coral, Gorgonians 
(soft corals), Sponges. In seagrass beds, the number of shoots for each species (Thalassia 
testudinum, Syringodium filiforme, Halodule wrighti) and blade length for 10 shoots chosen 
haphazardly was assessed within a 25 cm x 25 cm area at 10 m intervals along each transect (4 
surveys per transect). In both reef habitats, the species, number, size and percent living tissue of 
coral colonies larger than 5 cm was assessed within the same belt transect used for assessing fish.  
It is important to note that many larger coral colonies were mostly dead and fragmented into 
small pieces of living tissue.  When it was easy to determine whether scattered fragments of live 
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tissue were part of the same colony they were considered as part of that colony (i.e., their living 
tissue was expressed as a % of the larger colony).  For patch reef habitats, coral colonies were 
assessed throughout the entire 30 m x 2 m belt transect. High number of corals in the Channel 
Reef habitat (and difficult survey conditions due to currents) resulted in corals only being 
surveyed in a 15m x 2 m area. 
 
A total of 3 patch reefs and 1 channel reef were sampled around Bell Island.  The channel reef 
was in the main channel adjacent to the Yacht Channel Dredge area (18 R 342934 2688561).  
One patch reef surveyed was within the Yacht Channel Dredge area (18 R 342687 2688532), one 
was just outside the 250m impact zone for the Yacht Channel Dredge area (18 R 342475 
2688434)and the last patch reef was along the shoreline at the edge of the southern Barge 
Landing Basin Dredge area (18 R 341572 2688548). Because of the small size of the patch reefs 
present in this survey, only one 30m x 2m transect was conducted at patch reefs in the Barge 
Landing Basin area and just outside the 250m impact zone for the Yacht Channel area.  Three 
surveys were conducted for patch reefs within the Yacht Channel Dredge area. Only 2 transects 
were conducted at the Channel Reef habitat due to high current conditions. 
 
In seagrass areas, one transect was conducted at each of 6 seagrass sites (3 within the 250m 
radius impact zone for each dredge site). In addition, 4 transects were conducted at one site 
within the 250m radius impact zone for the Barge Landing Basin due to the high density of 
juvenile conch observed at this site.  In addition, the edges of the conch nursery area were 
mapped out during extensive snorkeling surveys within the area. This area was also identified as 
a nursery by Stoner and colleagues over 20 years ago. It is important to that juvenile conch 
movement may expand the boundaries of this nursery from what was mapped out on January 26, 
2011.  The high density of juvenile conch reported at this site in 2011 and previously indicate 
that it is a significant area for juvenile conch and impacts to the site should be monitored an 
minimized. 
 
Benthic Surveys 
 
One measure of benthic communities and the amount of coral on a reef is the % cover that 
various benthic organisms occupy. In our surveys of Patch Reefs and the Channel Reef, the 
scattered nature of the coral heads allowed for soft substrate communities (bare sand or sand 
covered by seagrass) occupied a significant percentage of points along the survey transects, so 
percent cover results are presented with soft substrate communities included and then with soft 
substrate areas excluded.  For Patch reefs, algae represented the hard substrate organism that had 
the highest cover.  Coral coverage in hard substrate areas was less than 10% in most cases, with 
the one exception being the patch reef just outside the 250m radius impact zone for the Yacht 
Channel Dredge area. That Patch Reef was dominated by a single large Montastraea annularis 
colony that had many living fragments, as well as several Diadema that removed algae over 
extensive areas of the reef. Sponges were present on all patch reefs, but their total coverage was 
low.  No soft corals were included in percent cover surveys for patch reefs. The channel reef was 
similar in that it had extensive soft substrate areas, but had much greater sponge and gorgonian 
coverage. This is typical of areas of high current flow like channel reefs. 
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Site Algae Coral Soft Substrate Sponge Gorgonian Algae Coral Sponge Gorgonian
Yacht Channel Patch Reef 76.1 2.8 18.3 2.8 0.0 93.2 3.4 3.4 0.0
Bell Patch Reef 1 28.3 11.7 56.7 3.3 0.0 65.4 26.9 7.7 0.0
Channel 1 5.8 2.5 70.8 11.7 9.2 20.0 8.6 40.0 31.4
Barge Patch Reef 45.0 5.0 43.3 6.7 0.0 79.4 8.8 11.8 0.0

Total % Cover Hard Substrate % Cover

 
 

Assessing the species distribution, number, and size of corals per belt transect may be a better 
way of determining the need to take action to minimize dredging impacts to corals and 
monitoring the health of coral communities in these habitats.  Coral densities in belt transects 
ranged from 22 to 42 colonies per 60m2 on patch reefs and 27 colonies per 30m2 for the channel 
reef habitat. The highest number of coral colonies for patch reefs was within the Yacht Channel 
Dredge area and the lowest was in the Barge Landing Basin impact area.  This result is 
somewhat different from the percent cover data, and is the result of the Yacht Channel Patch 
Reef having a large number of smaller coral colonies present.  All sites had an average of 10 
coral species per belt transect. Multiple transects at the Yacht Channel Dredge site, however, 
were varied and a total of 14 species were observed at this site.  In addition to having more coral 
colonies on a per area basis, the channel reef site had a higher coral diversity with 17 species 
reported. 
 
On patch reefs the size and species distribution varied between reefs.  All patch reefs had at least 
one large Montastraea sp. colony (2 m diameter or larger), that had little live coral remaining; 
however these large heads provided the most structure for fish habitat.  Numerically, Porites spp. 
Dominated at the Yacht Channel Dredge site and Barge Landing Basin site, but Montastraea 
spp.colonies  had somewhat higher abundance at the site outside the 250m Yacht Channel 
Impact zone (Bell Patch Reef 1).   
 
Benthic surveys of seagrass areas showed that most sites had more than one species of seagrass 
present. Thalassia was always the most common/abundant species, but Syringodium was present 
at all but two sites and Halodule was present at one site in the Barge Landing Basin impact zone 
and two of three sites at  the Yacht Channel area, both of which were in the channel within or 
immediately adjacent to the proposed dredge site.  Seagrass lengths (Thalassia only) typically 
ranged from less than 5 cm to 10 cm or more. Overall Seagrass densities ranged from 22 shoots 
per square meter to over 90 per square meter. 
 

  
UTM 18 

coordinates Shoot density (no/m2) Size 
Waypoint Area East North Thalassia Syringodium Halodule Range 

268 Barge 341439 2688457 84 0 0 3-10 cm
269 Barge 341424 2688572 13 9 0 7-10 cm
270 Barge 341280 2688496 91 0 0 4-10 cm
271 Barge 341523 2688367 61 5 11 5-14 cm
273 Yacht 342858 2688461 56 10 8 3-12 cm
274 Yacht 342680 2688459 35 10 17 n/a 
275 Yacht 342822 2688651 45 5 0 3-9 cm 
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Fish and Key Invertebrate Surveys 
 
Surveys of Patch Reefs and the Channel Reef habitat included 47 species of fish.  Species 
diversity within transects ranged from 17-26 species per transect. As with coral surveys, the 
greatest diversity was at the Patch Reef site within the Yacht Channel Dredge area. Total fish 
abundance, however was greatest (99 individuals per transect) at the patch reef just outside of the 
Yacht Channel Dredge 250m Impact Zone (Bell Patch Reef 1) and the Yacht Channel patch reef 
had the lowest fish abundance (52 individuals per transect). The high abundance at Bell Island 
Patch Reef 1 was largely due to the high number of grunts (primarily French grunt, Haemulon 
flavolineatum) residing around the large Montastraea colony that dominated the site. The Patch 
Reef within the Yacht Channel Dredge area was dominated by wrasses (e.g., Thalassoma 
bifasciatum,bluehead wrasse;  Halichoeres bivittatus, yellowhead wrasse). The Patch Reef in the 
Barge Landing Basin area had the lowest diversity, but it was home to the greatest number of 
juvenile Nassau grouper (Epinephelus striatus, 5 per 60m2). This site also had 1 lionfish 
observed in the transect 
 
The Channel reef had slightly higher fish diversity (29 species) and similar overall abundances.  
Wrasses (e.g,  Thalassoma bifasciatum) dominated at this site. Of the 29 species observed at this 
site, over one third (n=11) were not observed at Patch Reef sites. One lionfish was observed at 
this site. 
 

Species Channel 1

Barge 
Patch 
Reef

Yacht 
Channel 

Patch Reef

Bell 
Patch 
Reef 1 Species Channel 1

Barge 
Patch 
Reef

Yacht 
Channel 

Patch Reef

Bell 
Patch 
Reef 1

Abudefduf saxatilis 0.0 0.0 0.3 4.0 Halichoeres maculipinna 0.0 1.0 0.3 0.0
Acanthurus bahianus 0.5 0.0 0.0 11.0 Halichoeres pictus 13.0 0.0 6.7 0.0
Acanthurus chirurgus 0.0 1.0 0.3 1.0 Halichoeres poeyi 0.0 0.0 0.0 1.0
Acanthurus coeruleus 0.5 2.0 0.7 0.0 Halichoeres radiatus 0.0 0.0 0.3 0.0
Aulostomus maculatus 0.5 0.0 0.0 0.0 Holacanthus ciliaris 2.0 0.0 0.0 0.0
Bodianus rufus 0.5 0.0 0.0 0.0 Holacanthus tricolor 1.0 0.0 0.0 0.0
Canthidermis sufflamen 1.0 0.0 0.0 0.0 Holocentrus rufus 2.0 3.0 3.0 6.0
Canthigaster rostrata 2.0 0.0 0.0 0.0 Lutjanus apodus 0.0 0.0 0.3 1.0
Caranx ruber 0.0 0.0 0.3 0.0 Microspathodon chrysurus 0.0 0.0 0.0 1.0
Cephalopholis cruentatus 0.5 0.0 0.3 1.0 Pterois volitans 0.5 1.0 0.0 0.0
Cephalopholis fulvus 0.5 1.0 0.0 0.0 Scarus iserti 5.0 2.0 5.0 0.0
Chaetodon ocellatus 1.0 2.0 0.3 2.0 Serranus tigrinus 0.5 0.0 0.0 0.0
Chromis cyanea 17.0 21.0 1.7 13.0 Sparisoma atomarium 1.0 0.0 0.0 0.0
Dasyatis americana 0.5 0.0 0.0 0.0 Sparisoma aurofrenatum 1.0 0.0 0.7 0.0
Diadema sp_ 0.0 0.0 0.3 0.0 Sparisoma rubripinne 0.0 0.0 0.3 0.0
Epinephelus guttatus 0.0 2.0 0.0 0.0 Sparisoma viride 0.5 0.0 0.3 0.0
Epinephelus striatus 1.5 5.0 1.0 1.0 Stegastes diencaeus 1.0 0.0 0.0 0.0
Gobiosoma genie 0.0 0.0 0.7 0.0 Stegastes fuscus 0.0 0.0 0.0 1.0
Gramma loreto 2.5 0.0 0.0 0.0 Stegastes leucostictus 1.0 7.0 5.3 0.0
Haemulon album 0.0 0.0 0.0 1.0 Stegastes partitus 4.0 2.0 0.3 0.0
Haemulon flavolineatum 0.0 15.0 9.0 47.0 Stegastes planifrons 1.5 1.0 0.0 3.0
Haemulon plumieri 0.0 0.0 0.0 2.0 Stegastes variabilis 2.5 0.0 0.3 0.0
Haemulon sciurus 0.0 0.0 0.3 1.0 Thalassoma bifasciatum 41.5 9.0 16.3 3.0
Halichoeres bivittatus 0.0 4.0 12.7 1.0 Total Fish per transect 72.5 72.0 52.0 99.0
Halichoeres garnoti 7.5 2.0 1.0 1.0 No. species 29.0 17.0 26.0 19.0  
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Other observations of significance included sightings of several spotted eagle rays and a 
hawksbill turtle within channels adjacent to Cambridge Cay (Little Bell Island) within the 1000m 
radius Estimated Turbidity Zone. Channel Reefs within the Estimated Turbidity Zone to the 
Northeast of the Yacht Channel Dredge area also were found to have several large mutton 
snapper and other commercial/subsistence fishery species. Several patch reefs observed during 
the Mapping Surveys appeared to have relatively high densities of grunts, wrasses and 
damselfish. Several juvenile Nassau grouper were also observed at these patch reefs and several 
gray snapper (Lutjanus griseus) were observed on Patch Reefs in the Estimated Turbidity Zone 
to the northwest of the Barge Landing Dredge Channel area. 
 
Surveys of fish and key invertebrates within seagrass areas revealed very low diversity (0-1 
species present per site) and low abundance of fish.  Only one site had conch present.  This site 
(Waypoint 271) was within the 250m Impact zone for the Barge Landing Basin Dredge site and 
had such juvenile conch densities (88 individuals per 60m2 on the initial transect) that multiple 
transects were conducted in different directions to determine the extent of the nursery area. The 
extent of this conch nursery was then mapped using snorkeling and towed diver surveys. While 
this nursery did not have conch densities as high as the bank on the southern side of the channel 
south of the Yacht Channel Dredge Impact Zone (outside of the 250m radius area), nor did it 
cover as extensive an area, it represents a significant conch nursery for the Bell Island area and 
dredging impacts should be monitored in this area.  
 

  
UTM 18 

coordinates Species observed (no. per 30 x 2 m transect) 

Waypoint Area East North 
Queen 
Conch 

Slippery 
dick 

Rosy 
Razorfish 

Bandtail 
Puffer 

268 Barge 341439 2688457 0 1 0 0 
269 Barge 341424 2688572 0 0 3 0 
270 Barge 341280 2688496 0 0 0 1 
271 Barge 341523 2688367 80* 0 0 0 
273 Yacht 342858 2688461 0 0 0 0 
274 Yacht 342680 2688459 0 0 0 0 
275 Yacht 342822 2688651 0 0 0 0 

    *average of 4 transects (88, 33, 88, 110)  
 
While conch densities were not quantified in other locations using transect surveys, high 
concentrations of early juvenile conch were found within the 250mimpact zone for the Yacht 
Channel Dredge area along the rocky shore at both the north and south edged of the bay just 
north of the Dredge Channel area. Conch densities of 200-300 early juvenile conch were 
observed along relatively small areas (60-80m2) of the Hardbottom margin of the rocky shore.  
Another area where (larger) juvenile conch appeared to be abundant was the dense seagrass area 
at the far margin of the NW Estimated Turbidity Zone for the Barge Landing Basin. 
While there are no major conch habitats in the proposed dredging area, and the most significant 
conch nursery in the area is across the channel from the Yacht Channel Dredging area, making it 
unlikely to be impacted by dredging activities, biological surveys conducted as part of this study 
have indicated that there is a significant conch nursery within 250 m and the Estimated Turbidity 
Zone for the Barge Landing Basin area and there are small pockets of high density juvenile 
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conch along the rocky shorelines immediately adjacent to both ends of the beach to the north of 
the Yacht Channel area.   
 
Based on biological surveys, patch reefs and channel reefs within the 250m radius impact zones 
and in the Estimated Turbidity zones contain some of the biological resources that are most 
likely to be impacted by dredging activities.  Live corals in reef areas within dredging zones 
should be relocated, and live corals on reefs that are likely to see high sedimentation from 
dredging should also be relocated.  It is important to note that while relocation of living corals 
can minimize loss of reef building corals, it is likely that reef structure (i.e., fish habitat) may still 
be lost since much of the structure within patch reef habitats at present is dead coral heads, which 
may be difficult to relocate based on their size and the fact that boring organisms may have 
weakened the reef framework and cause it to fall apart if moved.  In these cases options that will 
minimize dredging impacts (e.g., reducing sediment loads reaching these sites) might be more 
effective at maintaining the ecosystem than transplanting corals.  If reef structure is to be 
removed from an area, large rubble pieces from the dredging operation may provide similar 
structure for fish and, if positioned properly and colonized by corals, may supplement 
transplanting efforts by filling a similar function to patch reefs.   For transplanting corals, several 
suitable areas (e.g., areas with similar environmental conditions to where corals are currently 
growing in the impact zones) exist around Bell Island but specific sites should be examined in a 
bit more detail prior to translocation efforts.  Patch reefs and Channel reefs in impact areas and 
estimated turbidity zones affected by dredging activities should be monitored and changes on 
these reefs compared to nearby control reefs to assess impacts of dredging activity on biological 
resources in these areas. 
 
Conch should be removed from the immediate dredging areas prior to dredging and during 
dredging operations.  There are many suitable relocation sites nearby to dredging areas. The 
conch nursery near the Barge Landing basin Dredging area is one that should be monitored to 
ensure that the habitat remains suitable for conch and that conch continue to persist in this area.  
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The information contain in this supplement dated February 18th 2011 draws on 
information provided in the main body of the Dalhgren report dated January 27, 2011, 
and provided as Appendix VII.  The table and exhibits to follow were prepared to assist 
in the description of the marine resources observed in the vicinity of the Yacht Basin and 
Barge Landing dredge areas of the Bell Island project.  The exhibits illustrate individual 
locations of corals and conch habitat with corresponding photographs; while the table 
further describes the attributes of each of these locations.   The table directly relates to the 
locations identified in the Yacht Basin Dredge Impact exhibit and the Barge Basin 
Dredge Impact exhibit. 

The data presented in the table is an excerpt from the information on the following pages: 

• Pages 5-8 discuss the various habitats present. This information can be 
found on the exhibit through the pictures represented.  

• Pages 11-12 discuss the Benthic communities and the percent of coral reef 
colonies  

• Page 4 explains Sea Grass Habitat - Spares to Medium density depicted as 
BL4a, 4b and 5 

• Page 5 discusses Hardbottom Habitat shown as BL6  and YB4 
• Page 6 describes Patch Reef Habitat  illustrated as BL 2 and YB 2 

 
 
 
 

 

 



 

 

PHOTO # MAJOR SPECIES 
OBSERVED 

GPS 
(UTM-WGS 1984 datum, Zone 18 

North, Meter) 

% COVER 
LIVE CORAL VIABILITY MEAN 

SIZE ACTION TO BE TAKEN 

  X Y     

YB 1 

Montastraea annularis, 
Montastraea faveolata, 
Porites astreoides,  
Porites porites 342672.523 2688530.5322 9 87% 13 cm 

Relocation  
(to included prominent 
corals where the channel 
is to cut into the basin) 

YB 2 Montastraea annularis 342474.4707 2688433.6699 27 80% 42 cm Preservation 

YB 3 

Montastraea faveolata, 
Porites astreoides,  
Porites porites 342646.3256 2688515.3483 2 92% 13 cm Relocation 

YB 4 

Porites astreoides, 
Montastraea annularis, 
Porites porites,  
Siderastrea siderea,  
Diploria labrynthiformes.  342708.1514 2688530.0086 2 94% 13 cm Relocation 

       

BL 1 
Montastraea annularis, 
M. faveolata 341581.1025 2688559.8838 9 83% 26 cm Relocation 

BL 2 Diploria labrynthiformes 341606.3265 2688459.0207 5 80% 30 cm Preservation 

BL 3 Siderastrea siderea 341570.5925 2688524.6868 5 83% 26 cm Relocation 

BL 6 Manicina areolata 341512.2619 2688663.3736 1 95% 5 cm Relocation 

SEAGRASS HABITATS % COVER 
SHOOT 
COUNT 

BLADE 
LENGTH  

BL 4a Thalassia testudinum 341402.9577 2688589.3022 5-10 66/m2 3-10 cm 
Part of Conch Relocation 
Plan 

BL 4b Thalassia testudinum 341545.3684 2688560.4092 5-10 66/m2 3-10 cm Lost 

BL 5 
Thalassia testudinum, 
Strombus gigas 341441.3193 2688472.1539 20 72/m2 5-15 

Part of Conch Relocation 
Plan 

 
CORALS –  VIABILITY = Mean % Living Tissue on Individual Colonies  
  MEAN SIZE = Mean diameter of Individual Colonies 
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