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Executive Summary:

The presentreportoutlinesthe resultsof an integratedmappingprojectundertakerto provide habitatmaps
of the shallowPalm BeaclCountyseafloorbetweenthe 6m and35m contours.This studyis a continuation
of a similar mappingstudyundertakerin Broward County,andresultswere producedsuchthata seamless
and fully compatiblemappingproductis now availablefor both counties.The study areastretchedfrom
26.4429 (E. Linton Blvd) in the southto 26.9596 (Jupiterinlet) in the north. Compatibility with other,in
particular NOAA, mappingproductswas also assured Data types usedin this mappingeffort included
Laser Airborne Depth Sounder(LADS) bathymetry,and singlebeamacousticseafloordiscrimination,as
well as ecologicalassessmentand groundtruthing.The methodusedfor acousticseafloordiscrimination
was basedon the first echoand its associatedail, and on the secondechoreturnsof a 38 kHz anda 420
kHz signal. The survey systememployedwas an atsourcelogging Biosonic transducersaand Biosonics
recording software. Data analysisused QTC Impact softwareand a suite of in-housecustomdeveloped
algorithmsthat allowed developmentof an acousticallybasedbiomassmodel for gorgonians,algaeand
barrelspongegXestospongianutg). A seriesof controlledexperimentsandfield verificationsverified that
it was possibleto acousticallydistinguish betweendifferent scatteringclassescorrelated to different

seafloor typesanddifferentbiomassesf scattering organisms.

Two setsof mappingproductswere producedIn Phasd, polygonswere producedby visual interpretation
of LADS bathymetryandinput of the acousticgrounddiscrimination.Phasd mapswerebasedon original

habitat definitions by the NOAA biogeographyprogramas previously adaptedfor the Broward County
habitat mapping program. The final map showed a well-developedlinear reef complex, which is a

continuationof the outerreef of Broward County. Also, the middle reef of Broward County was observed
in the southernpart of Palm BeachCounty as a linear reef feature.In the northernareaof Palm Beach
County, a seriesof hardgroundridges, likely a drownedheadland,had no equivalentto any structures
observedn the other counties.The majority of the areawas coveredby sand.Distinctionsbetweenlinear

reef, spur and groove, and colonized pavementwere basedon benthic cover as suggestedy acoustic
seafloor discrimination and geomorphology.The outer linear reef was subdivided into four habitats:
aggregateghatchreef, spurandgroove linear reefanddeepcolonizedpavementThe areaeastof the outer
linearreefconsistecbf a patchy environment witharge patchef reefintersperse@mongst theleepsand.
Theseweremore prevalentcloseto the reefandtaperedoff eastwardbecomingmore sandy.The spurand

groove,linear reefand deegolonized pavement compriséte outereefandwereseparatednainly based
on geomorphologyThe outer reef was separatedrom the middle linear reef by a wide sandplane (deep

sand).

Underwatervideo drop camerasaidedin the refinementof the mappingcategories Accuracyassessment

of anindependengrid of targetpointsshowedthe Phasd mapto havea UsersAccuracyof betweer85%
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and 93% and a ProducersAccuracy of 89%. These accuraciescompareto NOAA published map
accuracies.

In Phasell, remoteground discriminationbasedon 38 and 420 kHz acousticsignalswas usedto map
spatialcomplexityaswell asbiomassof indicatortaxa (gorgoniansmacroalgaebarrel sponges)Biomass
modelsof Phasell hadaccuracieof 79.6%for gorgonians61.7%for macroalgaeand 86.1%for barrel
spongeqXestospongianutg. The biomassmodel derivedfrom the 420 kHz signalsagreedwith spatial
complexity derived from the 38 kHz E1/E2 parameterThe mapsshow distinct areasof higher biomass
alternatingwith areasof lower biomasswithin the same habitats.Biomassfrequently, but not always,
correlated with acoustically derived spatial complexity, which agreed with diving observationsand
demonstratethe validityof theacoustioground discrimination.

In conclusion,mapsof the PaimBeachC o u n suprbasinehabitats,with regardsto geomorphological
zonationanddistributionof benthicbiomassof certainindicatorgroups(gorgoniansalgaebarrelsponges),
wereproducedhatweresatisfactorilyaccurate
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OVERVIEW

Under DEP AgreementG0057 and NOAA Award NA160Z2440,the Florida Fish and Wildlife Research
Institute (FWRI), with the assistanc®f Nova Southeastertniversity, was requiredto mapthe coral reefs
and otherbenthichabitatsfound off PalmBeachCounty,FL. The areato be mappedextendsfrom the 6m
to the 35m contourandincludesroughly 110 km? It wasnot specifiedwhetherthe entire countywasto be
mappeddueto the large area.However,excellentprogressvas madeand the entire county was surveyed
andmapped.

The overall aim of the project was to fill gapsin coverageof knowledgeand monitoring of coral reef
ecosystemand thus complementedhe nationwide goals of the Coral Reef ConservationAct, NOAA,

ExecutiveOrder13089,andthe NationalAction Plan.

The produceddigital mapsareto be includedin the SouthFlorida Electronic Area ContingencyPlanthat
FWRI is developing jointlywith the US CoastGuardto helpsupportoil spill responsendplanning.

The Coral Reef polygonshave beenprovidedto NOAA chartingdivision for inclusion into the nautical

charts. The previousharts dichotshowany coral reef habitats.

The maps will also support state and county permitting activities related to sand mining and the

minimizationof impactsby submarineconstruction angxcavationsuchaspipelineroutings.

Datawill alsobe includedin largeformat mapsto be shownon a future PalmBeachCounty Boating and
Angling Guide,which is to be producedby FWRI. Suchguidesareto include extensiveinformationabout
marineresourcestheir protectiorand conservation.

Benthicdatawill be addedto the SEAMAP Bottom Mapping Project,which consistsof variousGIS data
layers producedby the Atlantic StatesMarine FisheriesCommissionand the Statesof North Carolina,

SouthCarolina,Georgia, and Florida he aimof the GIS datais to identify essentiafish habitat.

Finally, the mapswill be usedfor local and statesponsorednonitoring programsto assistin optimal site-

selection.

In orderto providea productthatis compatiblewith thesegoals,the following approacheseretaken:

(1) Datawereacquiredfrom availablesources.

NOAA Award NAO3NOS4190209, NSU FinRleporti File Code F247®4-07-F 1



(2) A completebathymetricand acousticseafloordiscriminationsurveybasedon singlebeamsonar
was runat 75mline-spacing ovetheentirearea of PalnBeachCounty.

(3) Differentsurvey systemgcoustic groundiscrimination, LADS) were used fonapproduction.

(4) Phasel mapswere producedfrom visual interpretationof LADS bathymetryand are directly
comparableo the previousBrowardCountymapping product.

(5) Phasdl mapswere producedfrom acousticgrounddiscriminationsurveysand represenbiomass
density models for the dominant biotic classes:gorgonians,macroalgae,and barrel sponges
(Xestospongianuta).

(6) Thefinal mapping product includes resuitem both phases.

Stipulated and provided productere:

- Georeferencednapsdepicting classified benthic habitats.

- Habitat classificatiomompatiblewith otherNOAA mapping products.

- Georeferencedmapsof the distribution of benthicindicator categorybiomassfor gorgonians,
algaeand barrel sponges biomass

- Productionof GIS datalayers.

The surveysandthe surveyteamwerestructuredasfollows:

Pl and overalfresponsibility:BernhardRiegl
Responsibldor inception of the survey, financial managementchoice of surveyhardware,oversightof
surveysguality control, submissiorof final report.

GIS, Phasd mapping and reporting@rian Walker

Responsible for collation of all existing data types, developmentand maintenanceof LADS GIS,
developmentof operatordriven habitat mapping techniques,production of technical part (Phasel) of
report, collatiorof final GIS productand productiorof metadatdor submission.

Hydrographic Surveys, Gl&d Phasd mapping and reportingzreg Foster
Responsible for planning and execution of hydrographic surveys, building of survey hardware,
maintenanceof survey hard and software, acoustic data processing,developmentof biomassmodel,

development of biomag3IS, production of technicglart(Phase Il) ofeport.
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PHASE | T INTERPRETATION OF BENTHIC HABITATS FROM HIGH -RESOLUTION BATHYMETRY

1.1PHASE | - INTRODUCTION

The benthicmappingwasdivided into two phase®of work, Phasd- visualinterpretationof the bathymetric
and photographdata and Phasell- hydrographicsurveysfor acousticground discrimination and their

analysis.Phasd utilized high resolutionbathymetricdatafor visual discriminationof bottomfeaturesThe

acousticgrounddiscriminationdatafrom Phasdl providedspatiallyexplicit dataregardingthe distribution

of benthicfaunaandflora aswell astheir biomasslt alsoallowedthe discriminationof different substrata
dueto their physicalpropertiesasrecordedin the acousticsignal. Both approacheshus supplementach

other and provide strong synergy.Video groundtruthingaidedin the classificationof the habitatsin both

Phases andll.

For the productionof the Phasel maps,a bottomup approachwas taken (Hewitt et al., 2004). The high
resolution LADS bathymetry was used to map reef geomorphology;acoustic data from the ground
discriminationsurveyswere usedto aid definition of the geomorphologideaturesinto habitattypes;anda
waterproofdrop video camerafrom a boatwas usedas groundtruthingtool to confirm substrateype. The
entireareamappedwasroughly 254 squarekilometers.The shallowinshoreseafloorfrom the ~Omto -6m
contourwas mappedusing a combinationof assimilateddatatypesincluding aerialphotographyand high-
resolutionbathymetryand the deeperseafloorhabitats,from the -6m to the -35m contour, were mapped
using highrresolution LADS bathymetry and acoustic ground discrimination. The result produced a

seamles$IS benthichabitatclassificationof theentire nearshoresef systenin PalmBeachCounty.

1.2PHASE | - BATHYMETRIC M AP CREATION

The bathymetricsurvey that producedthe data usedin visual seafloorinterpretationwas conductedby
Tenix LADS Corporationof Australia, using the LADS systemwith a soundingrate of 900 Hz (3.24
million soundingsper hour), a positioning accuracyof 95% at 5 m circular error probable (CEP), a
horizontalsoundingdensityof 4m x 4m, a swathwidth of 240 meters,areacoverageof 64 Km%hr, anda
depthrangeof up to 70m, dependingon water clarity. This surveyencompasseblorth Broward County,all
of Palm BeachCounty, and southernMartin County, approximately75 km in shorelinelength, and from
the shoreeastwardo depthsof ~40m. The entire surveyareacoveredapproximately254 squarekilometers
of marinehabitat. The bathymetricdatawere griddedby triangulationwith linear interpolation,sunshaded
at a 45° angleand azimuth,and mosaickedwith aerial photographyof the land. This final imagewasused

asthe foundation for mapping.
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1.3PHASE | FINAL MAPPING CATEGORIES

Similar to the Broward habitat mapping effort (Reporton DEP AgreementNo G0057, NOAA Award
NA160Z2440),the final map polygonsconformedto the NOAA hierarchicalclassificationschemeusedin
PuertoRico and the U.S. Virgin Islands NOAA TechnicalMemorandumNOS NCCOSCCMA 152
(Kendall et al., 2001), with somemodification. All datawere mappedin ArcGIS 9x and polygonswere
drawnat a scaleof 1:6000with a oneacreminimum mappingunit (MMU). The mostnotablemodification
wasin the mappingof different zones.The PuertoRico mappingeffort classifiedthe polygonsinto nine
reef zonesaccordingto the f e a t telat®rstip along the shore (i.e. lagoon, back reef, fore reef,
bank/shelfetc.). Thesecategoriesvere usefulbecausghe NOAA effort mappedeverythingfrom land and
intertidal out to the bank/shelfescarpmentHowever,many of thesemappedzonesdid not applyin South
Florida. The absenceof an emergenteefin SouthFlorida precludedmappingzonessuchaslagoon,back
reef,andreef crest.Also our effort wasconfinedto depthsbetweeném and 35m, which excludedthe land.
The intertidal zonewas not distinguishedin this project. Thus, all featuresmappedin this projectreside
within the Bank/ShelfForeReef,or Bank/ShelfEscarpmentzones.

Benthic habitatswere madecompatibleto the NOAA PuertoRico mappingeffort with slight modification
andthe previousBroward County mappingeffort asclosely as possible.The mostnotablechangewasthe
omissionof submergedregetationfrom Phase (the basemapayer) dueto the inability to detectseagrass
andmacroalgadrom bathymetryalone.Thus,the detectionof thesehabitattypeswasconferredto Phasdl
of this project. Groundtruthingshowedthat muchof the deepersandcontainedmacroalgaimatsand sparse
sea grasbeds H. decepiens

Thehierarchicaklassificationschemdor the PalmBeachCountymappingeffort is as follows:
Coral Reef and Hardbottom
CoralReefandColonizedHardbottom
- LinearReef
Outer*
Middle*
- Spurand Groove
- Individual PatcHReef
- AggregatedPatchReef
- ColonizedPavement
Deep*
Shallow*
- Ridge*
Deep*
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Shallow*
- Deep RidgeComplex*
Unconsolidatecediments:
Sand
- Deep*
- Shallow*
Other Deliniations:
Artificial
Inlet Channel*
SandBorrow Areas*

Unknown

1.4.PHASE | - DESCRIPTION OF MAPPED REEF HABITATS

All definitions are NOAA definitions as describedin TechnicalMemorandumNOS NCCOSCCMA 152
(Kendall et al 2001) and on their web site (http://biogeo.nos.noaa.gov/products/benthic/htd#scrip.htm)
unlessotherwisenotedby an asterisk(*). The heredescribedcategoriesare alsofully compatibleto those

previously used fothe mappingof Broward County benthicategories.

Coral Reef and Hardbottom: Hardenedsubstrateof unspecifiedrelief formed by the deposition of
calcium carbonateby reef building coralsand other organisms(relict or ongoing) or existing as exposed
bedrock.

Coral Reef and Colonized Hardbottom: Substratesformed by the deposition of calcium
carbonateby reef building corals and other organisms Habitatswithin this categoryhave some

colonizationby live coral.
Linear Reef: Linear coral formationsthat are orientedparallelto shoreor the shelf edge.
Thesefeaturesfollow the contoursof the shore/shelfedge.This categoryis usedfor such

commonlyusedtermsas forereef,fringing reef,andshelfedge reef.

Linear ReefOuter*: This categoryincluded essentiallyonly the reef crestof the

outerreef.
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linear Reef - OQuter:

-

Figure 1.1: lllustration of bathymetridfeaturesinterpretedasLinear Reef Outer.

Linear ReefMiddle*: Since the middle reef exhibited much less clear
morphologicaldifferentiationthan the outer reef, it was not practicalto subdivideit
into severalunits. It is thereforeencompasseth onesinglecategory,il i nea f o .
This categoryis given a unique color identifier since the acoustic roughness
measuresuggesia largely distinct community structurefrom hardgroundsshallow

reefand outereef.

!
0 150 3200 600
A AN Y G |
Meters.

Figure 1.2: lllustration of bathymetridfeaturesinterpretedasLinear Reef- Middle.
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Spur and Groove: Habitat having alternatingsandand coral formationsthat are oriented
perpendiculatto the shoreor bank/shelfescarpmentThe coral formations(spurs)of this
featuretypically havea high vertical relief comparedo pavementwith sandchannelsand
areseparatedrom eachotherby 1-5metersof sandor barehardbottom(grooves),although
the heightand width of theseelementsmay vary considerably.This habitattype typically

occursin thefore reefor bank/sheliescarpmertone.

Figure 1.3: lllustration of bathymetricfeaturesinterpretedas Spur and Groove.

Patch Reef: Coral formationsthat are isolatedfrom other coral reef formationsby sand,
seagrasyr otherhabitatsandthathaveno organizedstructuralaxis relativeto the contours
of the shoreor shelf edge.A surroundinghalo of sandis often a distinguishingfeatureof

this habitat typewhen it occuradjacent to submerged vegetation.

Individual Patch Reef: Distinctive singlepatchreefsthatareequalto or largerthan

the minimum mapping unitMMU).

Aggregated Patch Reef: Clusteredpatch reefs that individually are too small

(smallerthanthe MMU) or aretoo closetogetheto mapseparately
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Individual Patch Reef

)

Figure 1.5: lllustration of bathymetricdfieaturesinterpretedas Aggregated?atchReef.

Colonized Pavement: Flat, low-relief, solid carbonaterock with coverageof macroalgaehard
coral, gorgoniansand other sessileinvertebrateghat are denseenoughto partially obscurethe underlying
carbonateock.

Colonized PavementDeep*: This category includes a transition zone from
colonizedpavemento colonizedrubble. Since much of the rubblein the lee of the
outer reef is at least partly consolidated,the differentiation between colonized
pavement and rubblgould besomewhat artificial.
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°

\ ‘Colonized Pavement - Deep

Figure 1.6: lllustration of bathymetricfeaturesnterpretedas Colonized PavementDeep.

Colonized PavementShallow*: This categoryincludesflat, low-relief hardbottom
and rubble. This habitatwas limited in Palm Beachto the extremenearshoreThis
habitat can have variable sand cover, which shifts accordingto waveenergyin
responsdo weather.Thus, someof the colonizedpavementwill alwaysbe covered

by shifting sandand the density of colonizationwill be highly variable and likely
linked totemporal changes.

j

Sk i A g

150 300

ERES

Figure 1.7: lllustration of bathymetricfeaturesinterpretedas Colonized PavemeintShallow.
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Ridge*: Linear,shoreparallel,low-relief featureghatappeato besubmergedementedeach
dunesPresumablythey arethe foundation upon whicthe Linear Reefgrewandconsistof early
Holocene beachroakdges, however, verificatiois neededThe biological coveis similarto that
of colonized pavemerd coverage ofmacroalgae, hardoral,gorgonians, and otheessile

invertebrates tharedense enough to partially obsctine underlyingcarbonate rock.

Ridge-Deep*: While the geological provenanceof the structureis not clear, its
morphologysuggestst to be a ridge of older agethan the outer reef, possiblythe
structureon which the outer reef initiated. It consistsof hardgroundwith variable

and shifting sand cover and benthic communities.

Figure 1.8: lllustration of bathymetricfeaturesinterpretedas Ridgei Deep.

Ridge-Shallow*: Ridges found in shallow water near shore which are geomorphologically
distinct, yet their benthic cover remainssimilar to the shallow colonizedpavementcommunities
on the surroundinghard-grounds.They presumablyconsistof early Holocenebeachrockridges

with possiblysomeAcroporaframestones however verificatimneeded.
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Ridge - Shallow: :

Figure 1.9: lllustration of bathymetricfeaturesinterpretedasRidgei Shallow.

Deep Ridge Complex*: A complex of ridges found in deepwater in northern Palm Beach
County. Thesefeatureseside indepthsfrom 20 to 35mand argresumedo be of cementedeach
dune origin. Most of this habitat consistsof low cover, deepcommunitiesdominatedby small

gorgoniansspongesand macroalgae, but denseeasexist,especiallynearareas of higherelief.

]

Deep Ridge Complex "

Figure 1.10:lllustration of bathymetrideaturesinterpretedas DeepRidgeComplex.
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UnconsolidatedSediments:Unconsolidatedediment.
Sand: Coarsesedimentypically foundin areasexposedo currentsor waveenergy.This
wasarbitrarily splitinto deepandshallowto accountfor infaunalbiologicaldifferences.

Sand Deep*: Sand habitaprimarily deepeithanthe 25 m contour.

SandzDeep

Figure 1.11:lllustration of bathymetricdfeaturesinterpretedas Sandi Deep.

Sand Shallow*: Shallowsandis generallyhighly mobile.Large,mobile sand
pocketsare generally found betweennsolidated hardgrounds.is believedhat the

sandmovement isa deciding factor irthe generatioof benthicpatterns.

Sand’ZShallow

2
3
X ]
X
NS
<

Figure 1.12:1llustration of bathymetrideaturesinterpretedas Sandi Shallow.
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Other Delineations:

Artificial: Man-madehabitatssuchas submergedvrecks,large piers, submergedgortionsof rip-
rap jetties, and dredgespoil. The examplebelow illustratesseveralsubmergedhipsand piles of

concreteplacedthereaspartof PalmBeachC o u n artiffidasreefprogram.

Artificial

Figure 1.13:lllustration of bathymetricfeaturesinterpretedasArtificial.

Unknown*: Featuresvhich have noyetbeenidentified. This wasmainly anareain thenorthat

the 60ft contouthat appeared tbe sanddraped outcrops.

Figure 1.14:lllustration of bathymetricfeaturesinterpretedas Unknown.
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