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Executive Summary

CSA Ocean Sciences Inc. (CSA) was subcontracted by Applied Technology & Management, Inc. to
characterize and map marine benthic habitasar Port Lucaya, Grand Bahama Island, Bahamhse
and July 2019. These efforts will support an Environmental Itmpssessment and other marine
environmental management aspects associated with developmetiteo€arnival Grand Port (Project
Area) proposed by Carnival Grand Bahama Investments Limited (Carnival).

The marine benthic habitat mapping and characterizatiorvey was executed in two phases. The first
phase entailed collection of aerial imagery obtwarine sites, the Project Area and nearby Peterson
Cay National Park (PCNP). Detailed aerial imagery of the two sites was collected via drone in June 2019
to serve as the base layer from which benthic habitat maps were created. Resultant mosaicked aerial
imagery was reviewed by a marine biologist and geospatial artalyé¢ntify broad habitat types (e.qg.,
sand, hard bottom, reefs) and create preliminary bentmbitat maps. For the second phase of the
survey, a team of marine scientists visited theject Area and PCNP to verify (groundtruth) the
preliminary habitat maps by direct observatioGroundtruth sampling stations were designateihin

these habités based upon a spatially balanced, random sampling design. The number of stations were
allocaed in proportion to overall area and complexity of the benthic habitat types (i.e., sand plains did
not receive the same sampling intensity as more complexhabitats).

A total of 3 stations were surveyedsing snorkel or SCUBhin the Project Ara and44 stations

were surveyed at PCNP. At each station, a qualitative, descriptive assessment of the benthic habitat type
was performed for groundtruthing purpes, and underwater photos/video were collected to document
the benthos during a roving diveurvey.A rapid quantitative benthic assessment was also performed at
16 of 32stations inthe Project Areaviarandom quadrat samplingQuadrat sampling entaileal visual
assessment of percewbver of abioti@nd biotic functional groups; identificatiarf all flora and fauna

to lowest taxonomic level; and enumeration, sidass designation, and health assessment of all stony
corals and octocorals present in éaguadrat. All Bdangered Species Act (ESAY International Union

for the Conservation of Nare (IUCNJisted species (i.e., sea turtles, selected species of stony corals,
marine mammalsdbserved during the entire survey were identified to speciesthrit geographic
location recorded. Any areas of special ecological significance were astigated, and geographic
location recorded.

The goundtruthed, mosaicked aerial imaggwas then subdivided into separate classification polygons
based on similapixel spectral signature rangasing GISAn unsupervised classification was then
performedon each classification polygon using a combination of iso cluster and maximum likelihood
techniques Amanual classification technique was then applieddfine the results from the
unsupervised classification. The resultant benthic habitat maps foPtbgct Area and PCNP contain
geographically quantified polygon features of the benthic habitat tyfresn which areal extent of each
habitat type was calculated

Eight benthic habitat types were identified within the Project Area: Land, Exposed LimedimaPan,
Macroalgal Hard Pan, Sand, Ridge and Swale, Spur and Groove, and Reef Mounds; encompassing a total
area 0f165.50 acresHard Pan habitat had the gitest areal extent within the Project Are@y.69

acreg followed by sandf0.10 acrel Togeher Hard Pan and Sand habitats accounted for over 80% of

the Project Area. Other habitats ranged frah®4 to 0.77acres Habitats falling within the proposed

dredge footprint included Sand, Hard Pan, Ridge Swale, Spur Groove, and Reef Mounds, encompassing

CSAATMFL=19-81038343301-REF01-VERO2 1



total area of approximately5.60 acresln parallel with results for the entire Project Area, Hard Pan and
Sand were gain the two most extensive habitats within the dredge footprint.

In the Project Area, quadrat sampling showed percent cover of mi@eaanging from 11.1% in the

Hard Pan habitat to 42.5% in the Macroalgal Hard Pan habitat. Turf algae ranged from 8% i

Macroalgal Hard Pan habitat to 52.6% in the Hard Pan habitat. Fauna increased with distance from shore
from 4.0% in the Macroas Hard Pan habitat to 34.7% in the Reef Mound habitat. Abiotic substrate was
highest closest to shore at 47.5% in the Medgal Hard Pan habitat and lowest in the Reef Mound

habitat at 20.6%.

A total of 17 octocoral taxa and 27 stony coral taxa werended in the Project Area. The most
abundant stony corals were massive starlet cagadi€¢rastrea sidergalettuce coralAgaricia

agaricite9, and mustard hill coraPprites astreoidgs The bipinnate sea plum&deudopterogorgia
bipinnata) and knobby &a rods Euniceaspp.) were the most frequently observed octocorals. Numerous
sponge taxa (total of 25) were observedliretProject Area, especially in the reef mound habitat. The
most frequently observed species were yellow tube spordgsysina fistulais) and stinker and blaek

ball spongesl[ciniaspp).Green alga¢lalimedaspp. andMicrodictyon marinunwere the most
frequently observed macroalgal taxaSAand IUCNisted speciesbserved in the Project Area included:
pillar coral Pendrogyra cylindrs), whitestar sheet coral{garicia lamarcRi boulder star coralrbicella
spp.). Although not observed, the Project Areontains habitat potentially utilized by Nassau grouper
(Epinephelus striatyslistedas critically endangerehly the IUCN.

Fifteendistinct benthic habitat types were identified within PCNP, including the eight habitat types also
present within the Prjiect Area, accounting for a total survey area of approximately 860 acres.

Additional benthic habitat types found at PCNP includedigigl Structure, Cay, Macroalgae In Sand,

Low Relief Hardbottom, Patch Reef, Reef Crest, Rubble, and Se8grasfadhe greatest areal extent
within the survey area (242.17 acres) followed by Hard Pan (213.60 acres) and then Seagrass (171.60).
Togethe, Sand, Hard Pan, and Seagrass habitats accounted for approximately 73% of the survey area.
Other habitats ranged from 02 to 104.37 acres.

ESAand IUCNisted specie®bserved in PCNP included elkhofgrpoporapalmata) and staghorn coral

(A. cervicorrg), both listed as Critically Endangered by the IUCN. Fused staghorn’icquadliferg, a

hybrid of the other two Acroporids was also observed however data.qrolifer®2a a G F 6 A€ A G & | NX
deficient and the IUCN does not report on this species. Otltedlisoral species included tt@rbicella

species complexq. annularisO. faveolataO.franks) and pillar coral. cylindrus A green sea turtle

(Chelonia myd3s listed as Endangered by both the ESA and IUCN was observed in the seagrass habitat.
Addtionally, mating pairs of bridled ternS{erna anaethetus a regionally endemic spesiprotected in

The Bahamas, were observed on the emergent cay.

This survey provides important baseline marine benthic habitat maps and characterizations of the
ProjectArea and PCNP. Data of this nature previously did not exist for marine habitats authe s
coast of Grand Bahama, filling data gaps and aiding mitigation planning for the Grand Port Project.
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1.0 Introduction

CSA Ocean Sciences Inc. (CSA) was subcedtigcpplied Technology & Management, Inc. to

conduct marine benthic Hatat mapping and characterization surveys to support an Environmental

Impact Assessment and other marine environmental management aspects associated with development
of the Carnival é&nd Port being proposed by Carnival Grand Bahama Investments Linaredv@D)

near Port Lucaya, Grand Bahama Island, The Bahamas.

I P NYAGFE A&a LINRPLRAAY3I | ySg ONMzAAS LRNI GSN¥YAYLF X
offshore Barbary Be&¢ an undeveloped stretch along the southern (leeward) coast of Granania

Island, approximately 14.9 km (9.3 mi) east of Port Lucayapptbximately 6.4 km (4 mi) east of the

Grand Lucayan Waterway inl®Hoto1). The cruise port terminal is propostalinclude landbased and
marine-based facilities. The proposed marihased facilities encompass an area of approximately

150acres (Project Area) and include berthing docks for two cruise ships (XL Class ships) and adjoining

pier to shore, day dock, srhanarina, and other ovewater structures.

Photo 1. Portion of poposedProject Area o Barbary Beach east of Port Lucaya, Grand Bahama
Island. Imageourtesy ofApplied Technology & Management, Inc

The marine benthic habitat mapping and charactei@asurvey included collection of aerial imagery
combined within situfield biological assessments via snorkel and SCUBA of two sites, a Project Area and
also Peterson Cay National Park (PAGN®R)0 2, due its proximity and protected status, located
approximately 2.1 km (1.3 miles) west of the Project Area.

CSAATMFL=19-81038343301-REF01-VERO2 3



Photo 2. Peterson Cay National Park. Image courtesy of Bahamas National Trust.

Peterson Cay is a Bahamian National Park managed by the BaharnwasmNEtst and includes a small

cay located approriately 1.6 km (1 mi) offshore ardcludes dringing coral reef, hardbottom, lagoon

and seagrass habitats. It was established as a national park in 1968. The limestone cay is the only cay on
the south slore of Grand Bahama and is internationally recogihias an Important Bird Areas it

provides nesting habitat for Bridleterns Onychoprion anaethetygHenwood and Nolan, 2013j is a

popular tourist destination for boating, snorkeling, and SCUBiAdliv

Hurricane Dorian recently struck Grand Bahampt&nber 1 to 3, 2019 as an extremely powerful

Category 5 hurricane causing catastrophic damage and flooding to the island. Wind gusts exceeded
200miles per hour and storm surge was estimated betweemnol33 feet Resnick, 20195evere

impacts to maringesources in the Project Area and PCNP are probable as a result; therefore, a
posthurricane survey is recommended at some point in the future to assess diversion from the baseline
condition summarizedhithis report.
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2.0 Methods

The aerial imagery celttion survey was conducted from 21 to 22 June 2019 and the benthic survey was
conducted from July 26 to August 31, 2019. Weather conditions during both surveys were ideal with
calm seas, light winds, esltent vertical water visibility and generally sursijes.

2.1 AERIAL IMAGERYRBVEY

The first step in théenthic mapping process was to
obtain recent, detailecerial imagery of the Project

Area and PCNP to serve as the base layer from whig
benthic habitat maps of the seafloor would be create
of the two sites. The imagery was collected using an
unmanned aerl vehicle; specifically, a DJI Phantom

4 Pro drone guipped with a gimbamounted

20 megapixel cameraRhoto 3).

The aerial survey was conducted from
June21-22,2019 and covered the proposed survey
area for each site plus a buffer zone extending a

minimum distance oépproximately 35m [115ft]) to  Photo3. DJI Phatom 4 Prodrone used in

eachside for both the Project Area and PCNP the aerial survey of the Project
(Figurel). Imagery was collected by a Ulk%nsed Area and Peterson Cay National
drone pilot with Federal Aviation Administration Park, Grand Bahama June24,
certification. Permission to perform the drodmsed 20109.

survey wg obtained through the Bahamas Civil

Aviation Authoriy and clearance from Freeport

Airport. The survey of each area was conducted from land on Barbary Beach near Sharps Rock with a
flight height of 200m (656ft) above ground level.

The total area surveykat the Project Area was approximately 150 acresiaoldided nearshore waters
from the beach extending offshore to approximately thiem (49ft) depth contour. A total of
353images were collected and total flight duration was approximately 21 minugegy2 batteries.
Flight speed was approximately 25 mpVeather at the time of the survey was sunny with west winds
approximately 5 kns and calm seas. The area surveyed for PCNP was approgiétsehes and
included the cay itself and surrounding watextending to the beach to the north (lagoon habijaad
extending approximately tthe 15m (49ft) depth contour to the south (reef habitatsfi{gurel). Atotal

of 2,754 imagewvere collectedand total flight duration was approximately 128 minutesngs

9 batteries Flight speed was approximately 25 mptieather at the time of the survey was partly
cloudy with southwest winds 5 to 10 kns and calm s@asial images were collected usidGS 1984
BLM Zone 17IgeodesyAerialimagery frames werenosaicked using Drone Deploy software with
75%front overlapand 65% side overlap. Frames were initially mosaicked in the field for both sites at low
resolution forquality assurance and quality contiarhd completeness purposes, then again at higher
resoltion at CSA. The resultant higisolution aerial imagery vetrue colorwith a resolution of 0.08 m
(0.6 1t).
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2.2 BENTHIC CHARARIEZATION AND GROUNRMITHING SURVEY

Imagery fromthe aerial surveyvas reviewed by aarine biologist and geospatial analyst to identify
broadbenthic habitatssuch as hard bottom, sand bottom, seagrass meadows, and patch reefs. These
benthic habitatsserved as the foundation fahe diver-basedgroundtruthing and charaetization
survey.Groundtruth sampling stationseave designated based upon a spatially balanced, random
sampling desigriThe number oftationswere allocated in proportion to overall area and complexity of
the benthic habitat types (i.e., sand plaitisl not receivethe sane sampling intensitas more complex
reef habitats).

Diving activities were conducted by a team of four CSA marine scientists/divers ovelag piriod
from July 26 to 31, 2019 from a-#8CSA dive vessel equipped with a Hypackgadiin system. Atach
station,a weighted buoy was first deployed to mark the site. A4vawson dive team then entered the
water to perform groundtruthing and characterization survefgotal of 32 groundtruthing stations
(referred tohereafterl & dce Bide§tationst) were surveyed within the Project Aréigure 3 and a
total of 34BounceDive Sationswere surveyed at PCNPigure3). At each station, a qualitative,
descriptive assessment of the benthic habitat type was performed for groundtrughingpses, and
underwater photos/video were collectetb documentthe benthos duringa roving diver survey of
approximate 15minute duration.Underwater photos and video were collected using a Canon G12
camera with Fisheye FIX housing and INON strobe @wPaoHero 7 Blak video camera

Sixteen Quadrat Stationgithin the Project Area weralsosurveyed to obtain quantitative habitat
characterization dataHigure 3. The Project Area was sampled more intensely than PCNP to better
inform management decisions regarding mariesources that will be directly impacted by dredging for
the port development projectA rapid quantitative bentltc assessmenwasperformed at eaclof these
stationsvia random quadrat sampling (5 x £ quadrats, for a total area of #?) within a 25 n(82 ft)

range from the center point of the designated stati@quadratsmade of polyvinyl chloriderere placed
within each station using préetermined random compass bearings and distances from the center point
(Photos 4 and5). In a few instances, theugdrat location landed on sand substrate adjacent to
hardbottom/reef substrate, and the quadrat location waeved slightly in order to survey the
hardbottom/reef substrate.
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Figure 2. Field survey map showing all sampling stations within the Project, &ead Bahama.
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