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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.
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(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.

NOAA Award NAO3NOS4190209, NSU FinReporti File Code F247®4-07-F 8



°

\ ‘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.

NOAA Award NAO3NOS4190209, NSU FinReporti File Code F247®4-07-F 12



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.

Unknown

Figure 1.14:lllustration of bathymetricfeaturesinterpretedas Unknown.
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Inlet Channel*: PalmBeachHarborinlet channel.

Figure 1.15:lllustration of bathymetricfeaturesinterpretedasInlet Channel.

SandBorrow Areas*: Several borrow pits fromrevious dredging projects daundthroughout
thesurveyarea While theyareall foundin sandyareasat the bottommanyof themexpose
limestoneandthus small ridgesr patch reefareformedthatcanharbora strongly localizedand
patchy, busometimeslensepenthic fauna.

Figure 1.16:Illustration of bathymetridfeaturesinterpretedas SandBorrow Area.
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1.5.PHASE | - GROUNDTRUTHING M ETHODS

For groundtruthingassessmengight linear corridors, perpendicularto the shorelineand equally spread
throughoutthe countywere chosenWithin thesecorridorsvideosof the seafloorwere collectedfor several
minutes per areain different targetedlocations. Thesevideos allowed for the clear characterizatiorof

habitaton the bottom. A total of 334 pointswere collected.Thesevideoswere usedin the groundtruthing

of bothPhases$ andll andtheaccuracyassessmermtf Phasd.

In Phasel, approximatelyhalf of the videos (a total of 187) were usedfor groundtruthingto help decide
how dataclassesshouldbe interpretedduring the mappingprocesqFigure1.17). Eachvideo locationwas
plottedin GIS anddescribedaccordingto its content.Theselocationswere color-codedaccordingto their
video descriptionsand overlaid on the Phasel habitat map. The groundtruthingtransectsthus spanned
many different habitatsand were ideal to detecthabitattransition zones.All groundtruthingpoints were
included in the final GIS and linked to a table including their relevantinformation. There was high

agreement withhe habitat magnd thegroundtruthing pointsherefore minimal changegere required.

FU Gremarmriing Folurs
Halalat

8 Jlqges acd Seag acr on St
Haqee s Sed
Bt Aandetion
CoamzadHudatiog
Qo amiad odadleg z o
| o=Com oo red ladonbony
PA-nRent
Medx nSand
S Tearucw
Sl A Hutthe
T Lo Bad
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Figure 1.17:Exampleof a groundtruthingtransect offshore in northefalmBeach CountyThe points

are colored accordingo theirhabitat characterizatiofrom the video.
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1.6.PHASE | - ACCURACY ASSESSMENTM ETHODS

The remainderof the videos (a total of 147) was usedfor accuracyassessmentf the Phasel map by
confusionmatrix approach(Ma and Redmond1995). After the map polygonswere drawn and classified
using the acoustic discrimination systems, groundtruth points, and LADS bathymetry, the accuracy

assessmeioint locations wer@amportedinto the GIS to compareactual vsmapped habitat$-igure 1.18).
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Figure 1.18 Exampleof the accuracyassessment transect in northétalmBeachCounty. The blackots

are the groundtruthing points and tleelored pointsare theaccuracy assessment locations.

1.7.PHASE | ACCURACY ASSESSMENTRESULTS

The resultsof the accuracyassessmentielded a high level of accuracy(Figure 1.19). Total mapaccuracy
was89.2%,equalingthe total mapaccuracyfor the Broward maps(Reporton DEP AgreementNo G0057,
NOAA AwardNA 16 0Z2 44 Mm)nd WPg eactirsriesve@similaras well. Accuracyassessment

showedgoodu s e andpsr o d uacamaociedor all categoriesThe lowest accuracywas notedin the
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u s e acdcuracyfor Coral Reef/HardbottomOf the 58 total points countedfor this class,9 of themwere
incorrectly mappedas UnconsolidatedSediment(84.5%). This is not surprising due to the ephemeral
natureof someof the low relief hardbottomareas.Thesesitesareaoften coveredand uncoveredoy sand
movementduring largestorms. Infact muchof the nearshorbardbottom soutbf Palm Beachnlet evident
in the LADS data was buried by sedimenttwo yearsago during hurricaneseason(FWRI SECREMP

report).

Theseresultsare also consistentwith accuracyassessmentssing other mappingmethods.Kendall et al
(2001)reportedau s eacdursicyof 86%andp r o d uacceracy a&®7% for Unconsolidatedsedimentsn
the NOAA PuertoRico and Virgin Island mappingeffort. Theseresultsare similar, albeit slightly higher
than the Palm Beach County mappinge f f ow st e6(88%) and p r o d u (8%4) acsuraciesfor
UnconsolidatedSediments.For Coral Reef/HardbottomKendall et al (2001) reportedu s e acd@uacyof
97% andp r o d uacaerrachos 85% whereasthe Palm BeachCounty mappingyielded a slightly lower
u s eacduracy(85%) andslightly higherp r o d uaccairac§(89%). The NOAA total mappingaccuracy
washigh dueto 100%accuracyof mappingsubmerged/egetationWhenthis categorywasremoved their

mapsshowedsimilar accuraciess report her€91%).

ReferenceData
Unconsolidated Coral Reef/ Row User's
Sediments Hardbottom Totals Accuracy
T Y Unconsolidated
8_% Sediments 75 6 51 926%
0
=
®© - Coral Reef/
= O Sadbotom 9 49 58 |84.5%

Colmn 84 55 139

Total
Producer
ooy | 89.3% | 89.1% 89.2%
Total
Map
Accuracy
Po=289.2%

T=77.6% (95ClI's for T are 67.0%and 88.3%)

Figure 1.19 Confusion matrixor the Phasel generalized mapped classes.
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1.8. PHASE | - HABITAT MAPPING RESULTS & DISCUSSION

The resultsfrom the bathymetricsurfacecreationshoweda seamlessillshadedsurfaceof the seafloorof

the entire county from 0 to ~40m depth mosaickedwith coastalimagery (Figure 1.20). Many seafloor
featureswere evidentin the surface thusthis surfacewas alsousedto plan the acousticsurveysto ensure
maximumcoverageof coral reef resourcesVisual interpretationof this surfacein GIS yielded a habitat
characterizationof the bathymetric layer (Figure 1.21). The characterizationof habitats allowed the
calculationof habitatareascountywide(Table1.1). A summaryof thesedatashowedthat of the ~254 Km?

mapped,35% was Coral Reef and Colonized Hardbottomand 64% was unconsolidatedsediment.The

estimationof Coral Reefand ColonizedHardbottomis probablyslightly overestimatedecauset included
the entire areaof AggregatedPatchReefinto its calculationand this habitatis composedf a mixture of

sandandreefhabitat. The DeepRidge Complexincludedthe largestamountof Coral Reefand Colonized
Hardbottomhabitat comprising29% of the total mappedareain Palm Beach County, approximately74

Kmz2. The Outer Linear Reef (LR-Outer, CP-Deep, and Spur & Groove combined)occupiedthe next
biggestareaof Coral Reefand ColonizedHardbottomcontributing>5Km2to the total mappedarea(~2%).
As in the Broward mappingeffort (Reporton DEP AgreementNo G0057,NOAA Award NA160Z2440),
the outerreef was separatedby geomorphologyinto deepcolonizedpavementidrownedback reef), linear
reef outer (drownedreef crest),and spur & groove(drowned).This allowedfor the characterizatiorof the
entire reef structureor its individual parts. Thesedifferent areaswere demarcatedas different habitats
underthe assumptiorthat differencesin topographiccomplexity betweenthe featureswill createslightly
different habitats. Unconsolidated Sediments (SandShallow, SandDeep, and Sand Borrow Areas
combined)were the dominatingseafloorfeaturein PalmBeachCounty contributing162 Km? to the total

mappedarea(64%). Vegetationwas seeninhabiting someareasof unconsolidategedimentsgspeciallyin

the fringesof the OuterLinear Reef. This wasnot capturedn the Phasd mappingbut wasmodeledduring
Phasdl.

Severaldifferencesfrom Broward County were evidentin PalmBeachCounty. The most notablewas the
inclusion of a new category,the deepridge complex. This is an expansiveareaof many ridgesin the
northern half of the county that extendsfrom about 20m to 35m depth (Figure 1.22). Groundtruthing
showedthat most of this featurecontaineda similar habitatthroughoutso it was decidedto makeit one
large areain the Phasel map. Therewere notableareasof increasedbiological communitieswithin this

featurewhich werecapturedn theacoustic mapping (Pha#g
Another clear differencebetweenthe two countieswasthe nearabsencef nearshore,shallowwater reef

communities(<20m) in Palm Beach. Broward habitat mapping found ~33 Km2 of this type of habitat

betweerthe shallowridge, shallowcolonizedpavementandinnerreefalonga muchshortercoastling(~40
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Km for Browardvs. ~73 Km for PalmBeachCounty). The communitieson this habitatin Browardcontain
someof the highestscleractiniancoverageof any habitatand are hostto a large diverse assemblagef
fishes (Ferraetal 2005).This habitais almostabsenin PalmBeach County (~Km2).

Figure 1.20.Map ofthe bathymetric baskyerused inthe Phase mappingand toplan the surveysn
Phasell. Thegreysurfaceis thehillshadedseafloorfrom 0 to ~40mdepth.
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Figure 1.21.Benthichabitatmapof PalmBeachCountyafter Phasel. Thecolorscorrespondo habitats

discernedrom the bathymetritayer and confirmedvith video groundtruthing.
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Habitat Type Modifier | Area (Km?) % of Total
Colonized Pavement Shallow 0.32 0.13%
Deep 0.52 0.20%
Deep Ridge Complex 74.20 29.25%
Patch Reef 0.16 0.06%
Coral Reef and Colonized Linear Reef Outer 3.20 1.26%
Hardbottom Middle 0.18 0.07%
Spur & Groove 1.82 0.72%
Aggregated Patch Reef 3.65 1.44%
. Shallow 0.88 0.35%
Ridge
Deep 3.91 1.54%
Total Coral Reef and
Colonized Hardbottom 88.83 35.02%
0,
Unconsolidated Sediment | Sand Shallow 120.42 47.48%
Deep 39.10 15.42%
Total Unconsolidated o
sediment 162.16 63.93%
Sand Borrow Area 2.63 1.04%
. 0
Other Delineations Artificial 1.49 0.59%
Inlet Channel 0.11 0.04%
Unknown 1.07 0.42%
Total Other Delineations 2.67 1.05%
Total 253.66 100.00%

Tablel1.1. Areasof habitatsoccupiedn PalmBeachCounty.
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Figure 1.22.Reef profileof the DeefRidgeComplexThe thick black lineinder thegraphcorrespondso

thetopographicdatain the graph. Thishowsthat theentireridge complexs below 20m depth and the
seriesof ridges extending eastward dowith increasing depth. Thiashore20m sand drapedscarpment

correspondgo theMiddle LinearReefDepth that extendroughout Broward Countiurther south.
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PHASE Il T ACOUSTIC SURVEYSFOR DISCRIMINATION OF BENTHIC HABITATS AND BIOMASS

2.1.PHASE Il - INTRODUCTION

The main objective of the acousticsurveywas to describethe abundanceand the spatial distribution of
biota occurringon the benthichabitatsof PalmBeachCounty, FL. Sincebathymetrybasedmappingwas
not ableto resolveall biomassand submergedquaticvegetationissuesan acousticapproachwas usedto
specificallymapthe distributionof biota. The primary acousti¢argetwasto befoliose gorgoniangyut new
postprocessingechniquesdevelopedduring this project also allowed for mappingof the abundanceand
spatialdistributionof macroalgaendareasdominatedby large coloniesof the barrelspongeXestospongia
muta Ultimately, the patternsof within- and betweenreef abundanceof biota supplementthe Phasel

LADS bathymetryand habitatlassificationgor identification ofareasmost suitabldor management.

The extentof the acousticsurveyrangedfrom a latitude of 26.4429 in the southto 26.9590 in the north

(Figure 2.1). From the southernboundaryof the survey to the point at which the outer reef terrace
terminatesnear Palm BeachLakes Blvd (26.7240), the survey extendedfrom the seawardslope of the

outerreefterrace(approx.35 m) to a minimum depthof approximately2 m (which exceedghe minimum

depth stipulatedin the contract: 6m). From Palm Beach Lakes Blvd to the northern boundaryof the

county,wherethe prominentbathymetricfeaturesare a seriesof ridgesrunningparallelto shore,the survey
extendedfrom the seawardslope of the outermostridges (35-40m) to the nearshorehardbottom.To

completethe survey within the allotted time and due to the increasinglywide areaof shelf within the
specified survey depth, it was necessaryto move the nearshoreboundaryprogressivelyoffshore as the
survey progressedorthwards.The acousticsurveywas completedbetweenthe monthsMay 6th-July 10th,

2006. Groundtruthing was performedat the end of the survey by deploying a weightedvideo camera
overboardand recording20 secondvideo files for later review and classification.A total of 334 ground

truthing samplesarrangedalongeight eastvest corridors, wereollectedin this manner.

The surveywas conductedalong pre-plannednorth-southlines, spaced’5 m apart,usinga BioSonicsDT-
X echosoundeandtwo multiplexed,singlebeam digitatransducer®peratingat frequenciesandfull beam
widths of 38 kHz/10° and 418 kHz/6.4, respectively.lt was thus possibleto cover essentiallythe entire
countywith surveylines, which exceedoriginal specificationghat only expectedhe southernpart of the
countyto be mappedPositioningwas providedby a Trimble® differential GPSreceiverthat providedan
integrated NMEA GGA string to the navigational software. Positioning accuracy was differentially
correctedagainstcoastguard beaconsand WAAS signal, thus resultingin positioningaccuracieof <1m
error. The 38 kHz acousticdatawas postprocessedising BioSonicsVisual Bottom Typer (BioSonicsinc.)
softwareto producevaluesof E1/E2, which is relatedto the spatial complexity and hardnessof the

seafloor. The 420kHz acousticdatawaspostprocessedisingQTC Impact(QuestefTangentCorporation)
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software andsubjectedo furtherpostprocessingo producebiomassestimate®f gorgoniansmacroalgae,
andcoloniesof thebarrelspongeXestospongia muta

Survey Tile
105

"o e e
Q
n
)

Figure 2.1. Palm BeachCountyacousticsurveytiles. The extentstretchedfrom southernPalm
BeachCounty(right) to northernPalm BeachCounty(left). The surveylines completecoy NSU
are superimposedn color. The southerntiles were labeled| (Inner) and O (Outer) while the
northerntiles werelabeledIR (InnerRidge)and OR (OuterRidge)

NOAA Award NAO3NOS4190209, NSU FinRleporti File Code F247®4-07-F 24



2.2.PHASE Il METHODOLOGY

2.2.1.Survey Area

The extent of the acousticsurvey rangedfrom a latitude of 26.4428 (E. Linton Blvd) in the southto

26.9590 (Jupiterinlet) in the north (Figure 2.1). The surveyareawas subdividedinto tiles comprisedof

11 to 36 preplannedsurvey lines oriented along the bathymetricisocline (generally north-south) and
spaced?5 m apart.Overall, 62 tiles encompassingn areaof 155.9km? were acousticallysurveyed From
the southerrboundaryof the surveyto the point at which the outerreefterraceterminatesnearPalmBeach
LakesBlvd (26.7240), the surveyextendedrom theseawardslopeof the outerreefterrace(approx.35 m)

to a minimum depth of approximately2 m. Thesesoutherntiles were labeled! (Inner) and O (Outer),
referringto their positionrelativeto the shoreline.From PalmBeachLakesBIvd to the northernboundary
of the county,wherethe prominentbathymetricfeaturesare a seriesof ridgesrunning parallelto shore the
surveyextendedrom the seawardslopeof the outermostidges(35-40m) to the nearshordardbottom.To

complete the survey within the allotted time, it was necessaryto move the nearshoreboundary

progressivelyoffshore as survey moved northwards,from 6 m at Palm BeachLakesBlvd to 18 m at

northernmostextent of the acousticsurvey. Thesenortherntiles were labeledIR (Inner Ridge) and OR

(OuterRidge).

2.2.2.Survey Equipment

The survey was conductedfrom a 7.5 m v-hull boat equippedwith a swing-arm onto which the two
transducersvere mountedfront (38 kHz) to back (418 kHz), with the GPS antennaemounteddirectly
above,for optimal integrationof acousticaland positionaldatastrings(Figure 2.2). The BioSonicsVisual
Acquisition v. 5.0.4 softwareprovided a reaktime display of the raw echoenvelopeswhich allowed for
precisecontrol of surveyspeedo preventcontaminatiorof the acousticsignalresultingfrom turbulenceat
the transducefface. Turbulenceinducedsignal contaminationwas visible as a rolling oscillation through
the raw echoenvelopeof the 38 kHz transducerwhich waslocatedforward of the 420 kHz transduceand
was thus more proneto disturbance.Surveyspeedwas adjustedas necessaryo remainsafely underthe
onsetof turbulenceinducedsignal contamination, wbh commonly resultedh greatly disparatespeedsiue
to prevailing currentsas the survey vesseltransitionedbetweensoutherly and northerly directions.The

typical netsurvey speed (vesselcurrent)wasapproximatelyt.5knots.

Global positioning datawere collectedwith a Trimble Ag132 dGPSsystemthat usedeither coastguard
differential beacon corrections or WAAS ground reference station correctionsto achieve reakttime
horizontal positioning accuraciesof mostly less than 0.9 m horizontal dilution of precision.Data were

logged as an NMEA-GGA string, which encodesthe horizontal accuracyof eachpositionto allow for
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assessmerdf quality control standardsPreplannedsurveylines were drawn over the LADS bathymetric
imagein Hypack Max© navigationalsoftware. The mapsin this report utilize the sameLADS imagery.
The dGPSsignalwasinterfacedwith HypackMax®©to providereattime monitoringof vesselpositionwith

respecto theaerialimagesand preplanned survey lines.

Sonarsignalswere generatedusing a BioSonicsDT-X digital echosoundesystemand two multiplexed,
singlebeamdigital transducersoperatingat frequenciesand full beam widths of 38 kHz/1(° and 418
kHz/6.4, respectively.The ping rate and pulsedurationwas setat 5 kHz and 0.4 ms respectivelyfor both
the 38 and 418 kHz transducersThe Transmit Power Reduction(-9.1 db) option within the BioSonics
Visual Acquisition softwarewas usedthroughoutthe survey, asit useful for preventingsaturationof the
aooustic signal at shallow depths.Complete settingsfor the BioSonics Visual Acquisition software are
displayed in Figure 2.2

BioSonics Visual Acquisition Settings

N d
-

Iransducer Assignment 4

Channel 1| 418 kHz

Channel 2| 38 kHz

Hardware Parameters

Operating Mode| SingleBeam
Transmit Power Reduction (db) -9.1
Pulse Duration (ps)| 400
Pulcs Typa| Active

Environment Parameters
Range (m) 1
Ending Range (m) 100

Ambient Water T'emp ("C) 3

_ Water Salinity ,‘pr 37
Depth for Sound Velocity and
Absorption Calculations (m)
ph for Absorption Calculations 8.4
Speed of Sound (m/s) 1543.6
Absorption Coefficlent| 0.17252

18

Collection Threshold (db)| -130
Performance Parameters
Pulse Rate (Hl)[ 5

Figure 2.2. BioSonics Visual Acquisition software settings used with BioSonics DT-X
echosounde(Table). Swingarm in traveling positionwith 420 kHz (top) and 38kHz (bottom)
transducersand Trimble antennag(Upper Image). Inside V-Berth of surveyvesselwith (left-
to-right) BioSonics DIX echosounder, Trimbleeceiver, and acquisitioRC (LowerIimage).

2.2.3.420kHz PostProcessingn QTC Impact

The 420 kHz surveydatawere postprocessedising QTC Impact software,version 3.20. Processinghe
BioSonics i . d filek dn QTC Impact requires adjustmentof the 6 Bi o So n _ Bparaneet@rdin n 6
incrementf 1/64),inthefi i mp a dile to adhigvethe properamplificationof the raw echowaveform.
The objectiveis to balancethe amplification of waveforms(waveformresolutionincreasesasamplification

increasespgainstthe percentagef acousticrecordsthat must be filtered-out due to overameplification.
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The criterionwithin QTC Impactusedto evaluatethe adequacyf thevalueof theé Bi o Son _ Bvass e Gai n 6
the numberof recordsgreaterthan a Signal Strengthof 99%. In QTC Impact, waveformswith a Signal
Strengthgreaterthan99% arefi ¢ | | pop fatetapped)and are problematicfor proper classificationof

acousticdata. A subsetof the PalmBeachsurveydatawas processedn QTC Impactat severaldifferent

valuesof 6 Bi o0 S o n _ Badeterf@iaetha droper value, which was found to be 3/64. At the final

0 Bi o Son_ Bh364, tAadignabStrengthof 4.1% of the recordsin the surveysubsetwere greater

than 99%Figure 2.3).

100% BioSonicsBaseGain= 3/64
L % of Records> 99% Signal
80% - Strength=4.1%

60%

40% +

20% +

% of RecordsUn-Picked

0% e
0O 10 20 30 40 50 60 70 80 90 100

Signal Strength Threshold (%)

Figure 2.3. The percentageof QTC Impact FFV records flagged and
removed(un-picked) from further processing(y-axis) at increasing Signal
Strength Thresholds (x-axis), at a BioSon_BaseGainsetting of 3/64
(Impact.cfgfile). The Signal Strength Thresholdused in this survey was
99%, which unpicked4.1%of surveyrecords.

The nextstepwasthe creationof Full FeatureVector (FFV) records,n which the raw sonarand navigation
dataare mergedinto a singlefile andfeaturesare extractedfrom the bottom picked waveforms.One FFV
recordwas generatedrom a stackof five consecutivewvaveforms.Five filters availablewithin the QTC
Impact softwarewere usedto flag poor quality recordsand excludethemfrom processingreferredto as
6 umi c k The firsh filter un-picked any recordswith a Signal Strengthgreaterthan 99%, as explained
above.The secondfilter un-pickedany FFV recordsin which any of the five waveformswere recordedat
depth picks shallowerthan 5.0 m. In the initial evaluationof survey data, it was found that depth
contaminatiorof the acousticsignalbecamepronouncedat depthslessthan5 m. The third filter un-picked
any FFV recordsin which any of the five waveformswere recordedat depth picks greaterthan 35.0 m.
The fourth filter un-picked FFV recordsin which any of the five waveformswithin a stackwere collected
more than 3,000 ms apart, preventingasynchronousand hencegeospatiallyisolated recordsfrom being
stackedogether. The fifth filter un-pickedFFV recordsin which any of the five waveformswere collected
at recordeddepthsmorethan0.3 m apart. The primary purposeof this filter wasto identify recordstaken
at times during which the depthpick was unstable.Any remaining recordsof dubious quality were

removedmanually.
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Beforethefiltered FFV recordscould be sortedinto acousticclassest wasnecessaryo createa catalogue,
comprisedof a subsetof survey FFV records,to which all other FFV recordswere compared.In QTC
Impact software, the echoescomprising the catalogueare digitized, subjectedto a variety of analyses
(cumulative amplitudesand ratios of cumulative amplitudes,amplitude quantiles,amplitude histograms,
power spectra,waveletpackettransforms)by the acquisitionsoftware(Prestonet al., 2001, 2004). After
being normalizedto a rangebetween0 and unity, they are subjectedto Principal ComponentsAnalysis
(PCA) for datareduction.Thefirst threeprinciple component®f eachechoareretained(called Q values),
accordingto the assumptiorthat theseexplainthe majority of variability in the dataset (QuesterTangent
Corporation,2002). Data points are then projectedinto pseudethreedimensionalspacealong thesethree
componentsand subjectedto clusteranalysisusing a Bayesianapproach(QuesterTangentCorporation,
2002). The userdecideson the numberof desirableclustersand also choosesvhich clusteris split how
often. Clusteringdecisionsare guided by three statisticsoffered within the program;the i C P (Claister
Performancelndex), i Ctiand i P CFotal S ¢ o rstatigtics. The PCA Total Score decreasego an
inflection point, which is 6 atrongindication of bestsplit | e v (QueséterTangentCorporation,2002).
While CPI generallyincreasesvithout boundwith moreclustersplitting (Kirlin andDizaji, 2000; Freitaset
al., 2003b),the maximumrate of increasetendsto coincidewith the optimal split level (QuesterTangent
Corporation, 2002). Chi* decreasesvith more cluster splitting, reaching maximum/minimumvalues at
optimalsplit level (QuestefTangent Corporation, 2002).

Therearetwo basicapproachethe usercantakefor selectingFFV recordsfor inclusioninto the catalogue.
In the unsupervise@pproachall surveyFFV recordsare mergedinto a singlefile anddecimatedtypically
by a factor of 10-20. The aforementionedlusteringprocedureis thenconductedo a logical conclusion,
e.g. an optimal split to the inflection point of the CPI, or to a desirednumberof classes.This approach
definesacousticdiversity on the basisof the entire surveyarea,and thus may not isolatedesiredacoustic
classes,or produce acoustic classesoutside of the areaof interest for the particular survey. In the
supervisedapproach,FFV recordsrepresentativef the desiredclassesare handpickedfor inclusion into
the catalogue,and as in the unsupervisedapproach,split to a logical conclusion.Basedon previous
experience,the supervisedapproachto cataloguecreation was utilized. After creating the supervised

catalog, alcatalog FF\fecords minusthosethatfiltered ormanuallyde-selected, were classified.

2.2.4. eation of 420kHz Biomass Models

The QTC acoustic classificationsof the supervisedcatalog were then subjectedto additional post
processingto createmodelsfor estimatingthe biomassof gorgonians,macroalgaeand coloniesof the

barrelspongeXestospongianuta The first stepwasto createmoving 20-recordblocks of acousticclass

membershipby calculatingthe percentageof recordsbelongingto eachacousticclassfor eachmoving
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block of 20 records.This is illustrated for the hypotheticalcaseof 3 QTC acousticclassesn Figure 2.4.
The rationalefor this approachs that complicatedbenthichabitats suchasgorgonianson a reef, cannotbe
adequatelydescribedby a single acousticclass, but rather are defined by the relative distribution of
multiple acousticclassessomeof which can be expectedto be commonto other habitattypes. For the
exampleof gorgonianson a reef, the individual habitat componentscould be sparsedensegorgonians,

uncolonizechardbottomwidely spacedspongesandsandchannels.

QTC Class QTC Class
QTC 1 2 3 Total 1 2 3 Total
Record Class # # # # % % % %

1 T
2 3
3
4
5
6
7
8 AcousticClassMembership
9
10 10 6 4 20 |50% 30% 20% 100%

[EEN
[
PNRFRPRPROWRPRNREPERPEPNWNENNE

Figure 2.4. Examplecalculationof PercentAcousticClassMembershipusingmoving20-

record block for exampleof 3 classes(12 in actual survey).Tally QTC Classesfrom
Recordl to Record20 (Class1=10,Class2=6,Class3=4)and calculate PercentAcoustic
Class Membershipas simpleratio of 6 #er Cl a s slf i & i@aving block, so next
Recordcalculatedin this examplds Recordl1, tallying from Record to Record 21.

Thevaluesof QTC percentacousticclassmembershiganddepth)were submittedasindependentariables
to threesimplelinear regressioranalyseqgoneregressiorfor gorgonianspne for macroalgaeand one for
Xestospongianutg). In eachof the three regressionanal/ses,the dependentvariable was a measureof
biomassobtainedby estimatingthe areal coverageand canopy height (gorgoniansand macroalgae)or
countingthe numberof coloniesper meter(X. mutg in eachof the superviseccatalogvideos. All survey
recordsminusthosethat werefiltered or manuallyde-selectedweretransformednto estimatesof biomass

usingthethreeaforementionedegressiormodels.

2.2.5. 38kHz PostProcessing

The 38 kHz surveydatawere postprocessedising BioSonicsVisual Bottom Typer software,version1.10,

to producevaluesof E1/E2. Thevalueof E1/E2is calculatedastheratio of areaunderthe secondhalf of
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the first echo (E1) to the areaunderthe completesecondecho (E2) and generallyrelatesto the spatial
complexity and hardnessof the seafloor. The valuesof the userdefined parameterswithin the Visual

BottomTyper softwareredisplayedn Table2.1.

BioSonics Visual Bottom Typer Settings

Bottom Sampling Window (E1) 75
Bottom Sampling Window (E1'") 25
Bottom Sampling Window (E2) 150

Peak Threshold (db)| _45

Peak Width (samples)
Bottom Detection Threshold (db) _70
Above Bottom Blanking Zone (samples) 1

th

Tracking Window (samples) 66

Speed of Sound (m/s)| 1540.97
Data Processing Filter Threshold (db) _75
Pings per Report 5
Energy Filter (%) 50
Time Varied Gain| 20logR

Table 2.1. BioSonicsVisual Bottom Typer software
settings usetb process 3&Hz sonar data.

2.2.6. Creation of 420kHz Biomass Mapsand 38kHz E1/E2 Maps

Ordinary point kriging, a geostatisticaimethodbasedon the spatialautocorrelationinherentin landscape
patternswasusedto producespatially continuoushabitatmapsfor the modetpredictedbiomassestimates
of gorgonians,macroalgae,and Xestospongiamuta colonies. Kriging is not ordinarily the method of
choicefor categoricaldata, suchas the discreteclassesproducedby QTC clusteranalysis(Davis, 2002;
Riegl and Purkis, 2005), sincefractional classessuchasthoseproducedby kriging, are often nonsensical.
However, transformingthe categoricalQTC classesnto continuousbiomassestimatescircumventedthis
requirementfor using kriging. Eachkriged contourfeaturewas then clippedto the perimeterof the area
traversedwithin eachsurveytile, i.e. the boundarieof the contourmapsdo not extendbeyondthe areaof
acousticsampling.Ordinary point kriging was also employedto producespatially continuousmapsof the
continuous E1/E2 values obtained frtm 38kHz signal.

2.2.7. Ground-Truthing
Groundtruthing was conductedimmediatelyfollowing completionof the acousticsurveyby deployinga

weightedvideo cameraoverboardand recording10-20 secondof sonarandvideo with the vesselat idle

speed. The dGPScoordinatesof eachgroundtruthing location were recordedfrom the BioSonics.dt4
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sonarfiles. A total of 334 groundtruthing sampleswere takenalong eight pre-plannedeastwest corridors
spanningboththe latitudinal andlongitudinal extentof the survey,amountingto a total traverseof 4,527m
(AppendixA). The spatiallocationsof groundtruthing samplesare displayedover the LIDAR bathymetry
for the exampleof gorgonianbiomass(Appendix B). For eachgroundtruthing samplethe biomassand
substrateclass was estimatedover the 10-20 secondsampling period. The biomassof gorgoniansand
macroalgaenas estimatedas the productof percentareal cover and canopyheight. For both gorgonians
andmacroalgaethe arealcoverwasdivided into5 categoriesl =0-12.5%,2 =12.525%,3 =25-50%,4 =
50-75%, and 5 = 75-100%. Gorgoniancanopyheightwas divided into three categories;l = 0.25m<,2 =
0.50m<,and3 = >0.5m. Macroalgaeanopyheightwasdividedinto four categories1= Turf, 2 = 3cm<,3
= 6cm<, and 4 = >6¢cm. X. muta biomasswas estimatedas the numberof coloniesobservedn the video
divided by the meterstraversedduring the sample, as calculatedby the starting and ending dGPS
coordinatesEachgroundtruthing recordwas also classifiedinto one of four bottomtype categoriegFlat,
Low, Medium, and High) basedon the compositerugosity observedthroughoutthe video. The Flat
categorycorrespondgo areasof thick sandcover, where no underlying carbonatestructureis apparent.
With a few exceptionsthis categorywas exclusiveto the nearshoreareasat depthslessthan14 m. The
Low rugosity category correspondgo areasof flat hardbottom,typically with sand cover, where the
underlying carbonatestructureis apparentas slight undulations. This categorytypically occurredon the
seawardedgeof the outer reef terraceandin areasbetweenpatchreefs. The Medium and High rugosity
categoriescorrespondto elevatedreef structures,the High categorybeing distinguishedby featuresof
greaterspatial complexity, typically old dead corals.Many of the sampleswere of mixed bottomtype
categoriesasthe sampletraverseoftenincludeddifferentbottom typessuchaswhenpassingovera patch
reef.

2.3.PHASE Il - RESULTS

2.3.1.Creation of the 420 kHz Biomass Models

To createthe superviseccataloguel 08 sonarsamplegotaling 104 minuteswere collectedover the extent
of the survey area.The catalog samplesbelongedto the nine generalcategoriesshown in Figure 2.5.

Multiple sonarsampleswere collectedfor eachcategoryto help ensurethat the catalogwould be valid

acrosgheextentof the surveyarea.

NOAA Award NAO3NOS4190209, NSU FinRleporti File Code F247®4-07-F 31



Catalog | # Sonar Rugosity MacroAlgae Cover | Gorgonian Cover
Category Files Sand Low High Low Med High Low Med High
1 23 X
2 11 X X X
3 11 X X X
4 15 X X X
5 11 X X X
6 8 X X X
7 11 X X X
8 6 X X X
9 12 X X X

Figure 2.5. General categoriesof video and sonar samplescollectedto create
supervisedcousticcatalog.

The 108individual catalogdfiles weremergedinto asingleQTC FFV file andfiltered by 1.) SignalStrength
> 99% (2.5%of recordsun-picked),2.) Depth< 5m (2.15%o0f records urpicked),3.) Depth> 35m (3.85%
of recordsun-picked),4.) TimeSpan> 3000 ms (2.20% of recordsun-picked),and5.) DepthSpar> 0.3m

(0.35%0f recordsun-picked). The remainingFFV recordsin the supervisedtataloguenverethensubmitted

to the QTC Impact clusteringroutine and ultimately split into twelve classespsingthe inflection point of

the Total PCA score as the guideline for determiningthe proper number of classes(Figure 2.6). The

decisionof which classto isolateduring eachsplit was basedon the classwith the highestchi” score.The

decisionof which axis to split (Primary/Secondary/Tertiaryyas madeby a trial & error, judging by the

lowestresultantPCA Total Score.

Figure 2.6. Sequencef clustering (splitting) during creation of supervisedcatalogin QTC
Impact. 12 splits resulted in a total of 12 acoustic classes.Clustering was endedat the
inflection point of the Principle ComponentsAnalysis Total Score (seeinset). The axis of
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eachsplitis indicated;P(rimary), S(econdary)T (ertiary) aswell asacousticclass.
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The arrangemenif the twelve QTC acousticclassesin PCA hyperspaces displayedin Figure 2.7.
Significantly, the trail of acousticclassescanbe seento movethroughall threeaxesof PCA hyperspace.

Thisis adesirableoutcomefor catalogingasit impliesa high level acoustiadiversitywithin the catalog.

Q1

Figure 2.7. Final clustering of 420 kHz supervisedcatalog in QTC Impact,
displayed in the three axes of pseudethreedimensional PCA hyperspace(Q-
Space)and percentagesf records within each of thE2 acousticclasses.

The individual QTC acousticclassificationsof the superviseccatalogrecordswere then groupedinto 20-
recordblocksandthe percenacoustic classmembershipf eachcatalogrecord wasalculatedFigure 2.4).
As a demonstrationof how acousticclass membershipcan be usedto producea model for detecting
gorgonians,the averageacousticclass membershipfor three selectedhabitat types from the supervised
catalog are presentedin Figure 2.8a. The three habitat types selectedfor this demonstrationare; 1)
GorgoniansPresenbn Reef/Hardbotton{n=18), 2) GorgoniansAbsenton Reef/Hardbotton{n=8), and 3)
GorgoniansAbsent on Hardbottom(n=25).All recordswere takenfrom depthsrangingfrom 13-19 m,
averagingl6 m. As canbe seenin the standarderror barsof Figure 2.8a, clear distinctionsexist between

theacousticclassmemberships of these example habitat types.

In additionto acousticclassmembershipthe biomassregressiormodelsrequirethe inclusion of depthas
an additional independentvariable (Figure 2.8b). In this example, the distributions of acoustic class
membershipmove alongto the right in the projectedPCA hyperspacdFigure 2.7) asdepthincreasesrom
16m to 22m. Depth contaminationof the QTC signal was reportedin the Broward County survey, and
while the exactcauseis asyet unknown,it canbe addressedby the additionalpostprocessingnethodof

regressioranalysisasdescribedn thisreport.
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Figure 2.8. (a) Percentacousticclassmembershipf three categoriesfrom the 420 kHz supervised
catalog; GorgoniansPresenton Reef(green), Gorgonians Absenton Reef (yellow), Gorgonians
Absenton Hardbottom(red). Averagedepth= 16m. Error bars = StandardError. Arrangemenif

QTC AcousticClasseg(x-axis) in sameorder asin PCA hyperspace(b) Samecategoriesasin (a),

demonstratindhowacousticclassmembershighiftsthrough hyperspaceith changing depth.

The 20-record percentacousticclass membershipdor the twelve QTC classesalong with depth, were
submittedto threeseparateegressioranalysego producebiomassmodelsfor gorgoniansmacroalgaeand
colonies of X. muta The dependentvariable in each of the regressionanalyseswas the quantitative
biomassestimate obtained from careful review of the catalog videos (Appendix A). The biomassof
gorgoniansand macroalgaewvas estimatedas the productof percentareal cover and canopyheight. For
both gorgoniansand macroalgaethe arealcoverwasdividedinto 5 categories] = 0-12.5%,2 = 12.525%,
3 =2550%,4 = 50-75%,and5 = 75-100%. Gorgoniancanopyheightwasdividedinto threecategoriesl

= 0.25m<,2 = 0.50m<,and 3 = >0.5m. Macroalgaecanopyheight was divided into four categories]1=
Turf, 2 = 3cm<, 3 = 6cm<, and 4 = >6cm. X. muta biomasswas estimatedas the numberof colonies
observedin the video divided the meterstraversedduring the sample,as calculatedby the starting and
ending coordinates.After each regression,any nonsignificant x-coefficients were removed from the
datasetandthe regressioranalysesvere repeateduntil all x-coefficientswere statisticallysignificant. The

final formsof the regression modedseshown in Table 2.2.
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Gorgonians MacroAlgae X muta
. 0.663 0427 0.551
n 3508 3508 3508
units ArealCover®Height ArealCover®Height #Colonies/meter

X-Coeff Slope P-Value Slope P-Value Slope P-Value

(um)

depth | -0.3944 | 2.46E-92 | -0.0975 | 0.022465 0.0052 1.07E-10

4 -7.1606 | 1.25E-58 | -2.2825 | 0.001585( 0.0350 0.004236
6 -7.3502 | 4.21E-74 | -1.3762 | 0.024589| 0.0260 | 0.013159
8 n/a n/a n/a n/a n'a n‘a
1 -6.3789 | 1L.O9E-86 | -1.7403 | 0.000581 n/a n/a
11 3.6425 | 8.66E-21 n/a n/a 0.3501 2.2E-132

10 -6.0289 |1.24E-106| -1.5772 | 0.000691| -0.0506 | 5.89E-09
5 6.6320 |1.06E-138| -1.3983 0.02968| 0.2129 4.47E-86

(9) diysequBy sse[) 20snody D10

2 -3.2085 | 1.21E-60 | 7.1002 2.56E-59| -0.0440 | 2.91E-06
7 4.1325 | 3.77E-69 | 5.9525 1.1E-17]| -0.0864 4.9E-08
9 n/a n/a 5.9445 1.55E-25| -0.0493 | 8.49E-05
12 5.0335 | 1.12E-70 | 10.7223 | 647E-29| -0.0982 | 1.88E-06
3 n'a n/a 10.3672 | 1.23E-10] -0.3094 1.9E-21

Intercept | P-Value | Intercept | P-Value | Intercept | P-Value
93408 | 4.58E-98 | 2.7631 3.05E-05] -0.0636 8.1E-12

Table2.2. Resultsof theregressiomanalysesonstitutingthe biomassprediction
modeldor gorgonians, macroalgae, ammbloniesof X. muta.

The supervisectatalogrecordswere then submittedto the threeregressiormodelsto produceestimateof
gorgonian,macroalgaeand X. mutabiomass asestimateddy the productof arealcoverand canopyheight
for gorgoniansand macroalgaeand as the numberof coloniesper meter of video transectfor X. muta
(Figure 2.9). The gorgonianmodel works generallywell acrossthe rangeof estimatedbiomass,but the
model predictionsfor macroalgaeand X. muta beginto plateauat the upperendsof the groundtruthed
biomass.Given the greatdifferencesbetweenmacroalgaeand coloniesof X. mutaasacoustictargets,one
beinglow-lying and evenlydistributedandthe otherrelatively largeandunevenlydistributed,it is unlikely
that a single explanation exists for plateau effect. Regardless,the effect is relatively minor and

unimportantasthese high biomassesnstituted onlya small fractionof observationsn the field.
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Figure 2.9. ModelPredicted (y-axis) versus
Gtround Truthed (x-axis) estimatesof biomass
for (a) Gorgonians,(b) Macroalgae,and (c)
Xestospongiamuta for the 108 sonar files
constitutingthe 420kHz supervisedtatalog.

2.3.2. eationof 420kHz Biomass Maps

Ordinary point kriging, a geostatisticainethodbasedon the spatialautocorrelatiorinherentin landscape
patternswasusedto producespatially continuoushabitatmapsfor the modelpredictedbiomassestimates
of gorgonians,macroalgae,and X. muta colonies (AppendicesC-E). The biomassof gorgoniansand
macroalgaaevasestimatedas theproduct ofpercentarealcoverandcanopyheight. The biomassof X. muta
colonieswas estimatedas the numberof coloniesobservedin the video divided by the meterstraversed
during the sample,as calculatedby the startingand endingdGPScoordinatesPrior to creatingthe maps,
the 0.5 and 99.5 percentilesof the modelpredictedbiomassestimatesvere removedfrom the gorgonian,
macroalgaeand X. mutasurveydatasets$o preventanundueinfluenceof outlierson the presentatiorof the
kriged biomasscontour plots. Each kriged contour plot was then clipped to the perimeterof the area

traversedwithin eachsurveytile, i.e. the boundarief the contourmapsdo not extendbeyondthe areaof

acousticsampling.
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2.3.3. Assessing PredictiveAccuracy of 420kHz BiomassModels

For the purposeof assessingpredictive accuracy,the continuousmodelpredictionsof biomass were
groupedinto coarseabundanceategoriesThe gorgonianand macroalgadiomassestimatesvere grouped
into6 Barne@p,a ans@ Ab u n dategotiedand the X. muta biomassestimateswere groupedinto
O0Pr e s Ad s eategodes(Figure 2.10ac). These category breaks are displayed as the solid
vertical barsin Figure 2.10ac. For the exampleof gorgonians,6 A b u n @vas ddfirted as a ground
truthing biomasggreaterthan9 (percentarealcover* height,seeAppendixA for definitions),6 S p aasa e 6
groundtruthing biomassgreaterthan3 andlessthan9, andé B a asa groundtruthing biomassestimate
lessthan 3. The averagemodetpredictiont 1 standarddeviationof eachcoarsegroundtruthing category
was then calculatedfrom the entire groundtruthing datasetof 334 sonar files. The quantitative split
betweeneachcategorywas then calculatedas the mid-point of the overlapbetweenthe +10 of the lower-
abundancecategory and the -10 of the adjacent higherabundancecategory. For the example of
gorgoniansthe split betweend B a and®S p aaatsgeri@svas calculatedasa modetpredictionvalue of
3.25,andthe pl i t bet we@Ab ¥ Sghmgotiesséd modahpdediction valuef 6.34.

Three confusionmatriceswere producedto compae the acousticpredictionsof biomasswith the values
estimatedby groundtruthing (Table 2.3). Overall, the acousticallypredictedbiomassesagreedwell with
the groundtruthing estimates of biomass. The overall accuracy for the three  classes
(Bare/Sparse/Abundantf biomasswas 79.6%for gorgoniansand61.7%for macroalgaecomparedo the
threeclasspurechancepredictionof 33.3%. The overall accuracyfor the two classegAbsent/Presen)f
X. mutawas 86.1%,comparedto the two-classpurechancepredictionof 50%. The u s e ac@usaciegor
all threebiotic typesindicate that the biomassmodelsare conservativej.e. the modelsgenerallyunder
predictbiomass.Using the gorgonianmodelasan exampletheu s e acdumcyfor the Bare categorywas
95.2%. There were no instancesin which the modelprediction of a Bare groundtruthing record was
classedas Abundant. The u s e ac@uscyfor Sparseand Abundantgorgoniancategoriesvas 31.5% and
22.6%,respectivelywith the majority of the modelpredictedii mi s errng o the low side of biomass
cover. Theu s eacduracyof the Sparseand Abundant categoriesuld havebeenincreasedy decreasing
the modelpredictionsplits discussedn the precedingparagraphput this would haveresultedin the less

desirablesituation offalsepositivebiomassnodelpredictions.
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Figure 2.10. Establishmentof abundancecategoriesusing statistics taken from all 334 sonar files
constituting the groundtruthing dataset (Bare/Sparse/Abundanfor gorgonians and macroalgae,
Present/Absentor X. muta). Within eachabundancecategory,the modelpredictedaverage+ 10 was
calculated. The quantitativesplit betweeneachcategoryis the mid-point of the overlap betweerthe +10

of the lowerabundance categognd the-10 of theadjacenthigherabundanceategory(blue X).
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a. GroundTruthing Class
S bund §a |3 e
- - a2 p—
Rare parse Abundant g < g §
Gorgonians [ Gorgonians | £ £ | 2 3
> -
, Bare 237 12 0 249 |95.2%
E
2 S
& TH 27 14 3 44 |31.8%
Z Gorgonians
2
-
<  Abundant
R 12 12 7 31 |22.6%
Gorgonians
Total Records 276 38 10 324
0,
anezeod 85.9% | 368% | 70.0% 79.6%
Accuracy
b. GroundTruthing Class
z 4
Sparse Abundant | 8 F |2 &
Bare e = =
MacroAlgae|MacroAlgae| 2 £ | 2 &
- =
. Bare 124 28 0 152 [81.6%
=
9 Sparse
£ 31 57 15 103 |55.3%
£ MacroAlgae
; Abundant
27.59
MacroAlgae 16 34 19 69 |27.5%
Total Records 171 119 34 324
- —— 725% | 479% | 55.9% e
Accuracy
C. GroundTruthing Class
i - P s
X muta X. muta § = |8 &
Absent Present 2 £ g =
- e
X. mut,
C P 257 11 268 | 95.9%
Z z Absent
S T X muta
2 = : 34 22 56 | 393%
Present
Total Records 291 33 324
0,
Producer 88.3% 66.7% 86.1%
Accuracy

Table 2.3. Classby-classerror matrix for the biomasspredictionmodelsof (a)
gorgonians(b) macroalgae, andc) coloniesof Xestospongia muta.

2.3.4. 38kHz PostProcessing

The value of E1/E2is calculatedasthe ratio of the areaunderthe secondhalf of the first echo(E1) to the
areaunderthe completesecondecho(E2), and generallyrelatesto the spatialcomplexity and hardnesof
the sea floor.The 38 kHz surveylatawere postprocessedisingBioSonicsVisual Bottom Typersoftware,

version 1.10, to produce valuestif/E2.
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2.3.5. eation of 38kHz E1/E2 Maps

Ordinary point kriging, a geostatisticamethodbasedon the spatialautocorrelationnherentin landscape
patterns,was usedto producespatially continuousmapsfor the 38 kHz valuesof E1/E2 (Appendix F).
Prior to creatingthe maps,valuesof E1/E2 greaterthan 5,000 were removedfor the survey datasetto
preventan undueinfluenceof theseoutlierson the presentatiorof the E1/E2 contourplots. This eliminated
0.31%of the total E1/E2 surveyrecords.Eachkriged contourplot wasthenclippedto the perimeterof the
areatraversedwithin eachsurveytile, i.e. the boundariesf the contour mapsdo not extendbeyondthe
areaof acousticsampling.The contour plots of E1/E2 were useda supplemento the decisioamaking

processn the assignmenidf Phasd habitatclasses.

2.4PHASE || DISCUSSION

2.4.1. 420kHz Biomass Models

The primary objectiveof the acousticsurveywasto describethe abundancend the spatialdistribution of
biota occurringon the marine habitatsof PalmBeachCounty,FL. As canbe seenin the contourplots of
predictedbiomass,the modelsdid predict between and within-reef variationsof gorgonian,macroalgae,
and biomassmodels(AppendicesC-E). Betweenreef variationsof biomasswere quantified by querying
the modelpredictionsfor eightindividual sectionsof the outerreeftractlocatedin the southernportion of
Palm BeachCounty (Figure 2.11). The eight areasto which the modelpredictionswere constrainedare
displayedasthe black outlinesin the threecloseup mapsof Figure2.11,and correspondo the following
Phasd habitatcategorieslinear Reef, Spurand Groove,Individual PatchReef,and AggregatePatchReef
(seePhasd Final Mapping Categoriessectionin this report). As canbe seenin the table of Figure2.11,
there was considerablevariations in the modelpredicted biomassesof gorgonians, macroalgae,and
coloniesof X. muta Of particularinterestis the observationthat Reefs4 and 6 (numbersof reefscanbe
seenin Figure 2.11), both of which havelow valuesof predictedbiomassof gorgoniansand X. mutg but
have an unusuallyhigh biomassof macroalgae.CorrespondinglyReefs1, 7, and 8 have high predicted
values of gorgonianand X. muta biomassand relatively low predictedvaluesof macroalgaebiomass.
Further confirmation of the between and within-variations of modelpredicted biomasswould require

additionalgroundtruthingin theform of alongreeftransects across the mogheedicted contour features.
A similar analysiscomparingthe predictedbiomassof the northernand southernregionsof Palm Beach

Countyis displayedin Figure2.12.In this analysis the biomassmodelpredictionswere constrainedo the

generalPhasel habitat categoryof Coral Reef and Colonized Hardbottom. The main featurein the
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southermregionis the outerreefterrace which terminatesnearPalmBeachLakesBlvd., whereaghe main
featurein the northernregionis a seriesof ridgesrunning parallelto the shoreline.As canbe seenin the
table of Figure 2.12, there was considerablaifferencesin the modelpredictedbiomasse®f gorgonians,
macroalgaeand coloniesof X. muta The southernregionhad much higher modeltpredictedbiomasse®f
gorgoniansand X. muta than the northern region and a much lower modetpredicted biomass of
macroalgae.The biomassmodelssuggestthat the habitatsof the outer reef terracein the southand the
ridge complexin the north arenot equivalent forthe biotaexaminedn this report, whethedueto the lower
spatialcomplexity of the ridge complexin the north comparedto the outer reef terraceof the south,or

somecombination ofpatialcomplexityand otheenvironmentabariables.

(GORG BioMas:
Prediction Model

ArealCover*Height

BioMass Model Predictions — Reef

GORG MA XESTO

Cover*Ht | Cover*Ht # / meter
Reefl 1 8.04 -2.34 0.34
Reef 2 6.03 0.78 0.23
Reef 3 6.75 0.95 0.24
Reef 4 3.65 2.10 0.16
Reefl 5 7.21 -0.38 0.29
Reef 6 0.85 9.85 0.03
Reef 7 L ) -2.81 0.37
Reefl 8 10.08 -1.65 0.31

Figure 2.11. Averagemodelpredictedbiomasse®f gorgonians,macroalgae,and colonies
of X. mutafor eight selectedeefsin the southernportion of Palm BeachCounty.Outline of
reef areasdepictedas solid black line in the three closeup maps. The gorgonianbiomass
contour plot is shown overlaying the LADS bathymetry.
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BioMass Model g
Predictions — Reef & Colonized

Area GORG MA XESTO

(kmz) Cover*Ht | Cover*Ht # [/ meter
North | 56.6 0.95 8.90 -0.01
South | 9.7 4.46 3.45 0.16

Figure 2.12. Averagemodetpredictedbiomasse®f gorgonians,macroalgae,and colonies
of X. muta occurring on areas of reef and colonizedhardbottomfor the southernversus

northern portionof PalmBeach County.

2.4.2 38kHz E1/E2 Mapping

The value of E1/E2is calculatedasthe ratio of the areaunderthe secondhalf of the first echo(E1) to the
areaunderthe completesecondecho(E2), and generallyrelatesto the spatialcomplexity and hardnesof
the seafloor. To better understandhow the bottom topographycontributedto changesin the ratio of
E1/E2, a subset of the survey data extendingfrom surveytiles Inner6-Outer6to InnerlGOuterl0was
examined acrossthe depth gradient. The value of E1 increasedslightly as the bottom topography
transitionedrom SandFlat to Sandover Hardbottom,andincreasedsignificantly asthe bottomtopography
transitionedfrom Sandover Hardbottomto Reef (Figure 2.13a). Thesetrendswere not surprising,asthe
value of E1 is expectedto increasewith increasingspatial complexity. On the other hand, it was not
expectedfor the value of E2 to decreasén the transitionfrom Sandover Hardbottomto Reef (Figure
2.13b). This is becausehe value of E2 is generallyexpectedto increaseas the hardnesof the bottom
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increaseslt is thus apparentthat the main topographicalfactor affecting the value of E2 is spatial
complexity. As spatial complexity increaseswhile moving onto the reef, the increasedscatteringmust
attenuatethe value of E2 more thanthe increasinghardnessamplifiesit. This trend of E1 increasingand
E2 decreasingvhen moving onto reef featuresexplainsthe generalobservationof reef habitatshaving
much highervaluesof E1/E2thanhardbottomor sandhabitats.It would not seemunreasonabléo assume
that higher valuesof E1/E2 within a given reef are indicative of higher spatialcomplexity. An intensive
modeling approach,similar to that employedfor the 420 kHz biomassmodel, would be necessaryto

confirmthis assumption.

Sand Sand over and Reef
Tlat FlatHB; " .°
19 y

E1 (2nd Half of 1st Echo)

Depth (m)

Sand over and Reef
atHB

E2 (Complete 2nd Echo)

20

Depth (m)

Figure 2.13. Depthprofiles of 38 kHz (a) E1parametei2"-half 1% echo)and (b) complete
2" echofor subset of survey areancompassintjles Inner6-Outer6 to Inner1@uter10.

As previouslymentioned,t wasobservedhatthe value of E1/E2tendedto increasdn the transitionfrom
SandFlat to Sandover Hardbottom.This observationvasexaminedfurther by first re-scalingthe rangeof
E1/E2usedin AppendixF to the lower endof E1/E2values,to accentuateéhe transitionbetweenSandFlat

and Sandover Hardbottomhabitatsfor the samesub-setof surveydataextendingfrom tiles Inner6-Outer6
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to Innerl0Outer10 (Figure 2.14a).The plot of E1/E2 was then comparedto a plot of modelpredicted
macroalgaebiomassfor the samearea (Figure 2.14b). The demarcationof Sand Flat and Hardbottom
observedrom groundtruthing of this areacorrespondsvell with the demarcatiorpredictedby the value of

E1/E2 (Figure 2.14a). The macroalgaebiomass model followed the sameline of demarcation,with

macroalgaeobservedto be absentfrom the SandFlat habitatand presenton the Sandover Hardbottom
habitat (Figure 2.14b). Two such disparate frequencies(38 versus 420 kHz) conveying the same
information strongly suggestdhatthe 38 kHz E/E2 is capableof distinguishingbetweenthe SandFlat and
Sand oveHardbottomhabitats.

Figure 2.14. (a) 38 kHz E1/E2 and approximategroundtruthed demarcationof sandand
hard-bottom zones,and (b) 420 kHz macroalgae biomass model and groundtruthed
demarcationof bare and macroalgaecover for sub-set of surveyarea encompassingiles
Inner6-Outer6 tolnner1G-Outerl0.
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2.4.3. 420kHz Gorgonian Biomass versu88kHz E1/E2 Comparison

It couldbearguedthatthe 420 kHz gorgonianbiomassmodelis actuallydetectingthe spatialcomplexityof
the substratej.e. the preferredhabitat,and not the actualpresencef gorgoniansThe very low numberof
falsepositive detectionsin the gorgonianconfusion matrix (Table 3a, 95.2% u s e acéusacyfor Bare
category)arguesagainstsucha claim, but it is worthwhile examiningit further. In Figure2.15,the 38 kHz
E1/E2 contourplot is displayednext to the 420 kHz gorgonianbiomasscontourplot. The groundtruthing
valuesof gorgonianAreal Cover*Height areoverlayedon bothcontour plotsAs discussegreviously,the
valueof E1/E2wasobservedo be muchgreateron the reefthanon hardbottonor sand,seeminglydueto
the strongE1 parametecausedoy the greaterspatialcomplexity of the reef. This trendcanbe clearly seen
in Figure 2.15a.0n the otherhand,the 420 kHz gorgonianbiomassmodel categorizeghe reef featureas

bare(albeit slightly lessbarethanthe surrounding hardbottomizroundtruthing agreeswith the gorgonian

biomassmodelin that the areais relatively devoid of gorgoniancover. Takentogether theseobservations
supportthe ideathatthe 38 kHz and420 kHz mapsareindependentandthatthe 420 kHz gorgonianmodel
is not simply detectingspatialcomplexity.

GORG BioMass
Prediction Model

ArealCover*Height

-
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Figure 2.15. (a) 38 kHz E1/E2 contour plot of groundtruthing corridor GT2639over LADS bathtmetry;
high valuesof E1/E2 associatedwith high spatial complexity,and (b) 420 kHz modelpredictedgorgonian
biomass contour plot of same area. Biomass model and groundtruthing both show low gorgonian
abundancedespitehigh spatialcomplexityrevealed by bothADS bathymetry and 38HzE1/E2.
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1 2 3 4 5
Areal Cover Categories (Cvr) 0-12.5% 12.5t025% 25ta50% 50to75% T5t0100%
MacroAlgae Height Categories (Ht)  Turf Jem < 6cm < >6em
Gorgonian Height Categories (Ht) 0.26m< 0.50m< >0.50m
Visual Rugosity Macroflgae BioMass Gorgonian BioMass X. muta BioMass
GT'ing | Seq Sample C dinat.

SxID | ID |Depth Flat | Lo |Med| HiI GroundTruthing Model| GroundTruthing | Model| GroundTruth |Model
(m) Lon Lat | % | % % % |Cw | Ht |[C'H C'H |Cw | Ht [C'H|C'H| # |[#/m|#/m
26271 | 1 |38.45 80.0420 | 26.4473| 0 (100 0 | 0 | 4 | 2 | 8 | 7.9 | 1 | 1 | 1 | 41| © | 0.00 | 0.04
26272 | 2 |32.66 80.0429 26.4468| 0 |90 10 0 | 3 1 | 3 |(103| 1 | 2 | 2 | 1.5 | o | 0.00 | 0.01
26273 | 3 |30.07 -80.0436 26.4473| 0 50 50 0 | 3 1 | 3 | &2 | 1 | 1 | 1 | 1.5 | 1 | 0.03 | 0.03
26274 | 4 |26.07 80.0444 26.4467 | 0 |90 | 10 0 | 5 1 | 5 | 698 | 1 | 2 | 2 | 21 | 0 | 0.00 | -0.01
26276 | 6 |24.26 | -80.0450 26.4469 | 0 | 0 100 0 | 4 3 | 12 | 58 | 1 | 1 | 1 | 28 | & | 0.82 | -0.02
26276 | 6 |14.63 | -80.0466 |26.4464| 0 | 0 100 0 | 1 2 | 2 | 05 | 4 | 3 | 12 | 9.0 | 1 | 0.28 | 0.27
26277 | 7 [16.83 -80.0473 264469 | 0 25 75 O | 1 2 | 2 | 1.8 | 4 3 |12 | 52 | 1 | 024 | 021
26278 | 8 [16.60|-80.0473 (264469 | 0 |25 (75 0 | 1 | 2 | 2 |03 | 4 | 3 |12 | 94 | 1 | 025 0.24
26279 | 9 |17.79 | -80.0481 |26.4474| 0 100, 0 ©0 | 4 2 | 8 | 81| 0 | 0 | © | 09| o | 0.00|-0.01
262710 | 10 | 18.20 | -30.0489 |26.4467| 0 |100 © ©0 | 4 2 | 8 | 60 | © | 0 | © | 1.4 | 0 | 0.00 | 0.05
262711 | 411 | 15.92 -20.0505 | 26.4472 [ ] 100 [1] [ ] 2 4 2 7.5 (1] L] [1] -0.4 1] 0.00 | -0.02
262712 12 | 11.81 -80.0520 | 26.4473 | 100 0 (1] 0 [1] 0 (1] 0.1 (1] 0 (1] -0.7 0 0.00 | -0.02
262713 13 | 13.79 -80.0536 | 26.4469 | 100 0 (1] 1] [1] 0 [i] -0.1 (1] 0 [1] 5.1 1] 0.00 0.11
262714 | 14 | 7.44 | -30.0548 (26.4471|100 © | 0 o | 0 | o | 0o (08 | © | 0 | o | 01| © | 0.00 o0.00
262715 | 15 | 3.82  -80.0664 26.4472|100 © | 0 o0 | 0 | o | 0 (103| o | 0o o | 7.8 | o | 0.00 -0.28
262717 | 16 | 38.05  -80.0424 | 26.4445| 0 (100 © ©0 | 5 2 |10 | &8 | 1 | 1 | 1 | 08| 0 | 0.00 | 0.04
262718 | 17 | 33.41 | 80,0431 | 26.4446| 0 (100, © ©0 | 6 2 |10 1041 | 1 | 1 1 | 1.2 | 0 | 0.00 | 0.01
262719 | 18 | 31.64 | 800435 26.4446| 0 |60 50 0 | 3 1 | 2 | &7 | 1 | 1 | 1 | 1.2 | 0 | 0.00] 0.01
262720 | 19 | 26.36 | -80.0446 | 26.4445| 0 |50 50 O | 2 2 | 4 | &9 | 2 | 1 | 2 | 28 | 0 | .00 |-0.01
262721 20 | 25.33 -80.0450 | 26.4445 (1] Illll' (1] | 0 2 | 1 2 6.2 1] 0 [1] -0.2 0 0.00 0.02
262722 | 21 |21.42 | 30.0459 26.4445| 0 | 0 100 0 | 2 1 | 2 | 54 | 4 | 3 | 12| 54 | 1 | 0.38 | 0.01
262723 | 22 |16.52 | 30.0467 26.4444| 0 | 0 100 0 | 1 1 | 1 | 08 | 4 | 2 | 8 | 59 | 2 | 0.28 | 0.23
262724 | 23 |14.64| 30.0474 |26.4441| 0 | 0 (100 0 | 1 1 | 1 | 07 | 4 | 3 | 12 | 83 | 12 | 0.57 | 0.27
262725 | 24 | 19.16 | 80,0484 | 26.4443| 0 100 © ©0 | 3 1 | 3 | 7.3 | 0 | 0 | © | 28 | 0 | 0.00 | -0.03
262726 | 25 | 19.08 | 800489 |26.4445| 0 100 0 O | 3 2 | 6 | 80 | 0 | 0 O | 44| 0 | 0.00]-0.01
262727 | 26 | 17.91 | 80,0503 | 26.4434| 0 |100, 0 O | 6 2 |10 | 81 | 0 | 0 | 0 | 09| 0 | 0.00]-0.01
262728 | 27 |12.11 -80.0519 26.4445|100 o | 0 o0 | 0 | o | 0 |02 | © o o0 | 0.0 | © | 0.00 o0.00
262729 | 28 |13.06 80.0636 |26.4446 (100 0 0 0 | 0 0 | 0 | 01| 0 | 0 o0 | 48| 0 | 0.00 | -0.06
262730 | 29 | 7.64 | 30.0551 |26.4442|100| 0 0 0| © o | 0 | 10 | 0 o  © | 1.1 | 0 | 0.00 |-0.01
262731 30 | 4.37 | 30,0568 |26.4343|100| 0 | 0 ©0 | 1 1 | 1 | 28 | 0 | 0  © | 45| 0 | 0.00 |-0.07
20291 31 30.80 -80.0358  20.4879 o 100 L] o 3 z -] BT 1 1 1 1.5 o 0.00 .01
26292 32 | 26.39 -80.0367 | 26.4873 [/ ] il 25 0 2 1 2 4.7 1 1 1 1.7 0 0.00 0.08
26293 | 33 | 25.05 -80.0373 |26.4877| 0 |75 25 0 | 3 | 2 | 6 | 7.6 | 0 | 0 | © | 0.6 | 0 | 0.00 | 0.01
26294 | 34 | 23.46 | -80.0377 | 26.4886| © | 25 75 O | 2 1 | 2 | 40 | 3 | 1 | 3 | 34| o | 000|005
26295 | 35 | 16.21 -80.0387 26.4880| 0 © 100 ©0 | 1 1 | 1 | 24 | 2 | 1 | 2 | 74| a4 |oaz] o018
26296 | 36 |18.46 | 80.0394 |26.4887 | 0 (75 25 | 0 | 3 | 1 | 3 | 26 | o | o | o | a9 | o | o000 012
26297 | 37 |18.11 | -80.0401 |26.4876| 0 100 0 ©0 | 5 2 | 10 67 | 0 | 0 © | 1.4 | 0 | 0.00 | 0.02
26298 | 38 | 18.30 | -30.0409 26.4874| 0 (100 0 O | 5 3 |15 | 7.8 | 0 | 0 | © | 0.0 | 0 | 0.00 |-0.01
26299 | 39 |17.54 | -80.0425 |26.4872| 0 100 0 0 | 4 3 |42 | 82 | 0 | 0 o | 08| 0 | 0.00 -0.02
262910 40 |(15.70 -80.0435 | 26.4873 (1] 100 [/ ] L] 3 2 (-] 8.3 1] 0 [1] =0.1 L] 0.00 | -0.03
262911 41 | 12.04 -80.0451 | 26.4873 | 100 0 [1] 0 (1] 0 (1] 0.0 1] 0 [1] =-1.4 0 0.00 | -0.05
262912 42 9.85 -80.0465 | 26.4871 | 100 0 [/ ] | 0 (1] | 0 (1] 0.3 (1] 0 [1] 0.5 1] 0.00 0.04
262913 | 43 | 8.22 | 30,0482 | 26.4876|100| 0  ©0 0 | o © | 0 | 04 | 0 o0  © | 03| 0 | 0.00 | -0.02
262914 | 44 | 6.71 | 80.0496 |26.4870 |100| ©¢ 0 o0 | o o | 0 | 07 | 0 o | o | 07| o | 0.0 0.00
262915 | 45 | 5.67 | 80,0511 | 26.4873|100| 0 0 ©0 | 0  © | 0 126 | 0 | 0  © | 71 | 0 | 0.00 | -0.38
262916 | 46 | 31.52 | 30,0364 | 26.4844| 0 | 76 26 O | 3 2 | 6 | 104 | 1 | 1 | 1 | 1.8 | 1 | 0.11 | 0.00
262917 | 47 |27.81 -80.0369 | 26.4847| 0 75 |26 ©0 | 2 | 1 | 2 | &7 | 4 | 2 | 8 | 27 | © | 0.00  0.03
262918 | 48 |24.84 | 80,0379 |26.4845| 0 100, © 0 | 2 1 | 2 &8 | 0 | o  © | 0.0 | 0 | 000 0.01
262919 49 | 23.12 -80.0387 | 26.4845 [ ] 100 [/ ] 0 4 3 12 6.5 0 0 [1] 0.5 0 0.00 0.00
262920 50 | 21.83 -830.03954 | 26.4848 (1] 1llll' (1] 0 3 | 1 3 6.9 (1] 0 (1] -0.2 1] 0.00 0.01

AppendixAl. Summanpof groundtruthing samples
NOAA Award NAO3NOS4190209, NSU FinReporti File Code F24794-07-F 47



1 2 3 4 5
Areal Cover Categories (Cvr) 0-12.6% 12.5t026% 25to50% 50t075% 75t0100%
MacroAlgae Height Categories (Ht) Turf 3cm < 6cm < >6cm
Gorgonian Helight Categories (Ht) 0.25m< 0.50m< >0.50m
Visual Rugosity MacroAlgae BioMass Gorgonian BioMass X. muta BioMass
GT'ing |Seq Sample Coordinates|
Sx ID ID | Depth Flat| Lo Med| Hi | GroundTruthing |Model| GroundTruthing | Model| GroundTruth | Model
(m) Lon Lat % % % % | Cvr| Ht [C*H| C*H | Cvr | Ht C*H| C*H # #/m | #/m
262921 | 51 | 18.74  -80.0403 | 26.4844 | 0 V] 0 |100| 1 1 1 1.6 4 2 8 7.3 3 0.63 | 0.18
262922A 52 | 16.69 | -80.0411 | 26.4843 | 0 (1] 50 | 50 1 1 1 1.1 3 2 6 8.3 7 0.41 | 0.21
262922B, 53 [ 17.45 | -80.0410 | 26,4845 | 0 33 | 33 | 33 1 1 1 2.9 2 2 4 7.2 1] 0.00 | 0.13
262922C| 54 | 17.24 | -80.0409 | 26.4847 | 0 |100| O o 1 1 1 7.7 (1] [+] (1] -0.1 (1] 0.00 | 0.00
262922D 55 |17.26 | -80.0409 | 26.4848 | 0 (100 0 | © 2 1 2 7.2 0 0 0 1.0 0 0.00 | 0.00
262923 56 |17.64 | -80.0416 | 26.4850| 0 (100 0 | © a 2 8 8.0 ] ] ] -0.6 o 0.00 | -0.01
262924 | 57 | 16.90 | -80.0434 26.“47 0 (100 O 0 4 3 12 8.2 0 0 0 -0.5 0 0.00 | -0.02
262925 | 58 | 13.70 | -80.0449 | 26.4846 | 100 | 0 1] 0 1 1 1 -0.1 0 0 4] -0.7 0 0.00 | -0.01
262926 | 59 | 10.57 | -80.0465 | 26.4843 | 100 | © 1] 0 1 1 1 0.0 0 1] (4] -1.2 (4] 0.00 | -0.01
262927 | 60 | 8.82 | -80.0480 | 26,4848 |100| © (4] (1] 4] (1] 1] 0.3 (4] (4] 4] 0.0 (1] 0.00 | -0.02
262928 | 61 | 7.45 | -80.0495 | 26.4845 |100| © (1] o 1] (1] 0 0.7 (1] 1] (1] -0.9 (1] 0.00 | 0.00
262929 62 | 6.85 | -80.0511 | 26.4845 (100 | 0 o | o 0 ] 0 |126 | 0 (] 0 6.6 ] 0.00 | -0.34
262930 | 63 | 31.33  -80.0350 | 26.4906 | 0 | 75 | 25 | O 3 1 3 8.4 1 1 1 0.5 ] 0.00 | 0.02
262931 | 64 | 27.28 -80.0358 | 26.4902 | 0 50 | 50 o 2 1 2 7.2 3 2 6 2.4 o 0.00 | -0.01
262932 | 65 | 25.53  -80.0364 | 26.4900 [ 0 (100| O o 3 2 6 6.8 0 o o 0.4 0 0.00 | 0.01
262933 | 66 | 22.16  -80.0374 | 26,4900 | © 50 0 50 1 1 1 5.1 4 3 12 4.4 2 0.12 | 0.01
262934 | 67 | 15,656  -80.0382 | 26.4898 | 0 0 (100, O 1 1 1 0.9 5 3 16 8.8 (-] 0.13 | 0.24
262935 | 68 | 18.24 | -80.0388 | 26.4903 |100| © (1] (1] 1] o 0 7.8 (1] (1] (4] 0.6 1] 0.00 | -0.02
262936 | 69 | 18.09 -80.0396 | 26.4902| 0 [100| O | O 3 2 6 6.2 o (] 0 1.6 ] 0.00 | 0.04
262937 | 70 | 18.17  -80.0403 | 26.4905| 0 |100| 0 | O 5 3 15 | 7.9 ] [] ] 0.0 ] 0.00 | -0.02
262938 | 71 31 A1 —8.0.‘0370 26.4817| 0 75 | 26 o 3 1 3 9.8 1 1 1 1.8 o 0.00 6.00
262939 | 72 | 26.45 -80.0378 | 26.4820| 0 (100 O o 3 1 3 6.8 0 o 0 -0.4 o 0.00 | 0.02
262940 | 73 | 25.16 | -80.0386 | 26.4815| 0 (100 © o 4 2 8 7.8 0 o o 1.2 o 0.00 | 0.00
262941 | 74 | 23.09 | -80.0395 | 26.4818| 0 100| O o 4 2 8 6.5 (1] (4] (4] 0.2 (1] 0.00 | 0.01
262942 | 756 | 21.83 | -80.0401 | 26.4815| 0 50 | 50 | O 3 2 6 74 (1] (1] (1] -0.7 1] 0.00 | 0.00
262943 | 76 | 19.77  -80.0410 | 26.4819| 0 [100| 0 | O a 3 12 | 7.9 0 ] 0 1.5 ] 0.00 | 0.00
262944 | 77 | 18.14 -80.0418 | 26.4817| 0 [100| O | O a 3 12 | 8.4 ] ] ] -1.0 o 0.00 | -0.01
262945 | 78 |17.26 | -80.0427 | 26.4820| 0 (100| 0 | O | 4 | 3 |12 | 7.4 | 0 | 0 | 0 | 0.2 | ©O | 0.00 | 0.01
2631 i4 79 | 34.30  -80.0284 | 26.5198| 0 (100 O 0 4 2 8 9.8 1 1 1 0.5 1 0.04 | 0.02
263132 | 80 | 31.92  -80.0289 | 26,5217 | ©0 50 | 50 (1] 3 2 6 9.3 1 1 1 1.6 1] 0.00 | 0.01
263115 | 81 | 25.59  -80.0300 | 26.5199| © | 50 50  © 2 2 4 | 8.2 1 1 1 1.3 3 0.34 | 0.00
263133 | 82 |19.88 -80.0306 26.5196| 0 O | S50 S0 | 1 1 1 | 20 3 2 6 6.9 9 0.46 | 0.18
263116 | 83 | 14.70 -80.0314 | 26.5199| 0 0 100 O L] o o 0.7 a 2 8 7.7 13 0.11 | 0.22
263134 | 84 | 14.97 -80.0323 | 26.5195 | © 0 100 O o | o | o 0.5 3 2 6 2.9 4 0.24 | 0.20
263117 | 86 | 16.81 -80.0329 | 26.5199 | 0 33|33 | 33 2 : 1 2 29 2 2 4 6.9 7 0.14 | 017
263135 | 86 | 16.97 | -80.0337 | 26,5196 | 0 | 76 | 26 | O 24 2 5.5 0 0 0 5.6 0 0.00 | 0.02
263118 | 87 |17.23  -80.0346 | 26,51956| 0 100 O o 2 1 2 8.2 0 0 0 «0.7 0 0.00 | -0.02
263136 | 88 | 17,10 -80,0351 | 26,5199| 0 100 O o 2 2 4 8.2 o 0 0 -0.6 (1] 0.00 | -0.02
263119 | 89 | 17.38  -80.0357 | 26.5200| 0 100 O o 1 1 1 8.2 o o o -0.7 o 0.00 | -0.02
263120 | 90 | 15.88 -80.0373 | 26,5197 | 0 100 © o o o | 0 8.2 o o o 0.7 o 0.00 | -0.03
263121 | 91 |13.22 -80.0388 | 26.5198 (100 0 0 | © o o o 0.7 o o 0 | 1.6 [} 0.00 | -0.04
263122 | 92 | 9.99 | -80.0404 | 26.5199 (100, 0 | O | © o | o o 0.2 o ] o 0.1 o 0.00 | 0.03
263123 | 93 | 8.55 -80.0417 | 26.5197 | 100 © | o o 0 . o . o 0.4 o o 0 0.5 0 0.00 | -0.02
263124 | 94 | 7.36  -80.0433 | 26,5198 | 100 O o o o o (4] 0.7 o 0 1] -0.9 o 0.00 | 0.00
26311 | 95 | 34.44 | .80.0281 | 26.5222| 0 (100 O o 3 3 9 9.5 1 1 1 0.7 o 0.00 | 0.02
263127 | 96 | 31,67  -80.0288 | 26,6228 | O 0 100 O 3 2 6 5.3 2 1 2 24 o 0.00 | 0.12
26312 | 97 | 27.09 I -80.0296 | 26.5223 | 0 60 60 O 2| 2 4 | 6.1 T2 1 2 2.8 o | 0.00 |-0.01
263128 | 98 | 24.14 -80.0304 | 26.5223| 0 100 O o 4 1 a J 9.8 o o o 3.4 o 0.00 | -0.02
26313 | 99 | 21.76  -80.0312 | 26.6222 | 0 25 | 75 o 1 | 1 1 l 1.6 2 2 4 6.1 7 0.33 | 0.18
263129 | 100 | 19.79 -80.0319 | 26.5222 | © 75 | 25 o 111 1 l 5.0 2 2 4 5.3 1 0.19 | 0.03
AppendixA2. Summanpof groundtruthing samples
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1 2 3 4 5
Areal Cover Categories (Cvr) 0-12.6% 12.5t026% 25to50% 50t075% 75t0100%
MacroAlgae Height Categories (Ht) Turf 3cm < 6cm < >6cm
Gorgonian Helight Categories (Ht) 0.25m< 0.50m< >0.50m
Visual Rugosity MacroAlgae BioMass Gorgonian BioMass X. muta BioMass
GT'ing |Seq Sample Coordinates|
Sx ID ID | Depth Flat| Lo Med| Hi | GroundTruthing |Model| GroundTruthing | Model| GroundTruth | Model
(m) Lon Lat % % % % | Cvr| Ht [C*H| C*H | Cvr | Ht C*H| C*H # #/m | #/m
26314 | 101 | 13.08 -80.0325 | 26.5225| O V] 50 | 50 1 1 1 1.1 3 2 6 7.3 17 0.24 | 0.19
263130 | 102 | 16.40 | -80.0333 | 26.5227 | 0 (1] 50 | 50 0 o 0 1.1 3 2 6 7.7 16 0.27 | 0.24
26315 | 103 | 15.93 -80.0341 | 26.5224| 0 (1] 50 | 50 1 1 1 0.9 3 2 (-] 6.0 9 0.19 | 0.20
263131 | 104 | 17.40 | -80.0348 | 26.6226| 0 100| O o 4] o 1] 7.7 (1] [+] (1] -0.2 (1] 0.00 | 0.00
26316 106 |17.71 | -80.0357 | 26.6222| 0 (100 0 | © ] 0 o 8.1 0 0 o | -0.9 0 0.00 | -0.02
26317 | 106 | 16.50 | -80.0373 | 26,5226 | 0 (100 0 | © ] (] 0 4.9 ] ] ] 1.4 o 0.00 | 0.02
26318 | 107 | 11.54 | -80.0387 | 26.5228 (100 | 0 0 0 0 0 0 0.2 0 0 0 -0.3 0 0.00 | 0.01
26319 |108| 9.43 | -80.0402 | 26.5224 | 100 | © 1] 0 0 o 0 0.3 0 0 4] 0.0 0 0.00 | 0.01
263110 | 109 | 8.11 | -80.0417 | 26.5226 | 100 | © 1] 0 4] o 1] 0.6 0 1] (4] 0.5 (4] 0.00 | -0.01
263111 | 110| 6.92 | -80.0432 | 26,5226 |100| © (4] (1] 4] (4] 1] 0.7 (4] (4] 4] -0.7 (1] 0.00 | 0.00
263142 | 111 | 34.86 | -80.0277 | 26.56264| 0 |100| O o 4 3 12 9.6 (1] 1] (1] 0.5 (1] 0.00 | 0.02
263143 112 | 26.98 | -80.0294 | 26.6262 | 0 | 650 | 50 | 0 2 2 4 2.1 2 2 4 3.7 7 0.65 | 0.16
263144 | 113 | 21.68  -80.0310 | 26.5252| 0 | 25 | 75 | O 1 1 1 1.3 3 2 6 6.4 5 0.67 | 0.20
263145 | 114 | 18.37  -80.0325 | 26.5250| 0 |100| © o 3 2 6 -0.4 0 o o 8.7 o 0.00 | 0.25
263146 | 115 | 18.50  -80.0339 | 26.5250 | 0 (100| O 0 0 o 0 7.9 0 o o -0.3 0 0.00 | -0.02
263112 | 116 | 4.43 | -80.0446 | 26.5226 |100| O o (1] 1} o (1] 0.6 o 1]} [} 2.3 o 0.00 | -0.01
263113 | 117 | 2.34 | -80.0463 | 26.5223 |100| © (1] o 4] o 1] 12,9 (4] (4] o 8.4 (1] 0.00 | -0.36
263137 | 118 | 34.77 | -80.0288 | 26.56173| 0 100| O (1] 3 2 6 10.1 (1] (1] (4] 0.7 1] 0.00 | 0.02
263138 | 119 | 26.99  -80.0302 | 26.6171| 0 | 10 | 90 | O 2 2 a 4.1 4 1 4 3.3 1 0.05 | 0.09
263139 120 14.20  -80.0321 | 26.5157 | 0 | 0 | 75 | 25 | 1 2 2 0.8 2 2 4 8.7 5 0.19 | 0.30
263140 | 1211 7.40 —8~0.‘0334 26.5171| 0 90 | 10 o 3 1 3 5.2 0 0 o 3.4 o 0.00 6.06
263141 | 122 |17.13 | -80.0348 | 26.5169 | 0 (100 O o 0 o 0 8.2 0 0 o -0.6 o 0.00 | -0.02
263125 | 123 | 5.80 | -80.0446 | 26.5195 | 100 | O o o o o (4] 0.0 0 o o 0.1 o 0.00 | 0.00
263126 | 124 | 5.39 | -80.0463 | 26.56195 |100| © (4] o (4] (4] 1] 12.6 (1] (4] (4] 7.2 (1] 0.00 | -0.34
26341 |125| 35.56 | -80.0219 | 26.5713| 0 |(100| O o 4 1 4 8.6 1 1 1 -0.7 1] 0.00 | 0.03
26342 | 126 |32.68 | -80.0226 26.5711| 0 (26 | 76 | O 2 2 a 6.1 1 1 1 -0.3 ] 0.00 | 0.03
26343 | 127 | 30.48 | -80.0233 | 26.5712| 0 (100 O | © ] ] (1] 8.7 ] ] ] 0.5 o 0.00 | 0.02
26344 |128|26.14 | -80.0242 | 26.5711| 0 (100 0 | 0 | 0o | o | o | &8 | o | o | o [ 1.9 | o | 0.00 | 0.04
26345 | 129 | 23.58  -80.0249 | 26.5711 0 (100| O 0 0 o 0 6.9 0 o o 1.1 o 0.00 | 0.00
26346 | 130 | 20.45 -80.0257 | 26,5709 | 0 |100| O (1] 4] (4] 0 5.3 (4] (1] 4] 1.9 (1] 0.00 | 0.07
26347 131 |14.99 | -80.0266 | 26.5710| © | 50 S50  © 3 2 6 | 8.0 o o o 3.7 [ 0.00 | 0.08
26348 132 13.97 | -80.0274 | 26.5714| 0 (100 0 © [} o o 07 ] [} 0o | -0.7 ] 0.00 | -0.01
26349 | 133 |13.48 -80.0279 | 26.6714 |100 | O o o o o o -0.1 o o o -2.0 o 0.00 | -0.04
263411 | 134 | 11.86 -80.0302 | 26.5713 |100 | © o o o | o | o 0.0 o o o 1.4 o 0.00 | -0.04
263412 | 136 | 10.34 -80.0317 | 26.5713 |100 O 0 o 1 : 2 2 0.2 o 0 0 0.0 0 0.00 | 0.03
263413 136 | 8.20 | -80.0333 | 26.5711 | 100 O 4] 0 0| o0 (4] 0.2 0 0 0 -0.3 0 0.00 | -0.02
263414 | 137 | 6.03  -80.0347 | 26.5712 |100 O o o 1 1 1 0.7 0 0 0 2.2 0 0.00 | -0.01
263415 | 138 | 4,12  -80,0362 | 26,5712 | 100 © o o 4] o o 1.2 o 0 0 4.1 (1] 0.00 | -0,02
263416 | 139 | 1.66  -80.0377 | 26,6711 (100 ©0 O o 4] o o 13.0 o o o 8.7 o 0.00 | -0.36
263417 | 140 | 36.21 -80.0219 | 26,5682 | 0 100 O o B = | @ 7.6 1 1| 1 -0.4 o 0.00 | 0.03
263418 | 141 | 33.75 -80.0226 26.5684| 0 0 100 O 3 2 6 2.4 1 1 1 1.2 1 0.14 | 0.16
263419 | 142 | 28.29 | -80.0235 | 26.5685| 0 | 50 | 50 | © 2 | 1 2 3.9 2 1 2 2.8 o 0.00 | 0.10
263420 | 143 | 26.98 -80.0241 | 26.5685| 0 100 | o o 0 . o . o 5.3 o o 0 1.9 0 0.00 | 0.03
263421 | 144 | 24,67 -80.0251 | 26,5684 | 0 100 O o o o (4] 6.3 o 0 1] 3.4 o 0.00 | -0.02
263422 | 145 | 21,22 -80.0255 | 26.5684 | 0 75 25 0 2 2 B 5.0 1 1 1 4.8 o 0.00 | 0.04
263423 | 146 | 16,78  -80,0266 | 26,6684 | 0 100 © o X 1 2 4.9 o 0 o 3.9 o 0.00 | 0,09
263424 | 147 [ 13,74 | -80.0272 | 26,5686 | 0 |26 |76 O | 1 | 1 1 01| 21 2 39| o |000]o010
263426 | 148 | 12,67 | -80.0280 | 26.5685 | 0 256 | 76 o 1 1 1 J 0.8 1 1 1 9.6 o 0.00 | 0.28
263426 | 149 | 12.91 -80.0288 | 26.6685 | 100 0O o o o | o o l 1.4 o o o 1.4 o 0.00 @ 0.04
263427 150 | 12.59 -80.0300 | 26.5685 | 100 © | o o o | o o 1 0.1 o o o -0.8 o 0.00  -0.01
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1 2 3 4 5
Areal Cover Categories (Cvr) 0-12.6% 12.5t026% 25to50% 50t075% 75t0100%
MacroAlgae Height Categories (Ht) Turf 3cm < 6cm < >6cm
Gorgonian Helight Categories (Ht) 0.25m< 0.50m< >0.50m
Visual Rugosity MacroAlgae BioMass Gorgonian BioMass X. muta BioMass

GT'ing |Seq Sample Coordinates|

Sx ID ID | Depth Flat| Lo Med| Hi | GroundTruthing |Model| GroundTruthing | Model| GroundTruth | Model

(m) Lon Lat Y% % % % | Cvr| Ht |[C*H| C*H | Cvr | Ht C*H| C*H # #/m | #/m

263428 | 151 | 10.96  -80.0316 | 26.5685 [ 100 | O 0 o 0 o 0 0.9 0 0 4] 3.7 1] 0.00 | 0.16
263429 | 152 | 8.54 | -80.0330 | 26.5684 | 100 | © 4] 0 0 0 1] 0.8 0 [+] 0 1.7 0 0.00 | 0.04
263430 | 153 | 6.55 | -80.0346 | 26.5685 |100| © (4] o 4] 4] (1] 0.9 (4] (1] 4] 11 1] 0.00 | -0.01
263431 | 164 | 3.73 | -80.0361 | 26.6685 |100| O 1] o 4] o 1] 7.6 (1] [+] (1] 7.9 (1] 0.00 | -0.20
263432 | 165| 1.59 | -80.0378 | 26.5686 (100 0 | 0 | © ] [ 0o |13.0| 0 0 0 8.7 0 0.00 | -0.36
263433 156 | 36.03 | -80.0216 | 26,5741 0 (100 0 | © a 2 8 5.8 ] ] 0 | 1.3 o 0.00 | 0.01
263434 | 157 31.23 | -80.0230 | 26.5740| 0 (100/ 0 |0 | 2 | 1 | 2 [ 514 | 0 | 0 | 0 | 1.0 [ 0 | 0.0 0.09
263435 | 158 | 23.85 | -80.0246 | 26.5739 | 0 75 | 25 | 0O 1 2 2 3.9 0 0 4] 4.4 0 0.00 | 0.08
263436 | 159 | 17.29 | -80.0260 | 26.5740| 0 100| O 0 2 1 2 0.3 0 1] (4] 7.8 (4] 0.00 | 0.30
263437 | 160 | 13,05 | -80.0276 | 26,5739 |100| © (4] (1] (4] (1] 1] 0.1 (4] (4] 4] -0.6 (1] 0.00 | 0.00
263438 | 161 | 11.94 | -80.0290 | 26.5740 |100| © (1] o 1] (1] 0 0.0 (1] (1] (1] 1.6 (1] 0.00 | -0.04
263439 162 | 35.61 | -80.0223 | 26.5660| 0 (100 0 | © a 2 8 7.8 1 1 1 -0.8 1 0.16 | 0.04
263440 | 163 | 27.74  -80.0241 | 26.5655| 0 | O | 50 | 50 | 1 2 2 6.5 1 1 1 1.8 1 0.16 | 0.00
263441 | 164 | 23.43  -80.0255 | 26.5658 | 0 |100| © 0 0 0 0 6.8 0 4] (4] -0.5 0 0.00 | 0.01
263442 165 1 7.60 -80.0269 | 26.5659 . 0 (100 O 0 1 1 1 6.7 0 (4] o 2.7 0 0.00 | -0.06
263443 | 166 | 13.83 | -80.0284 | 26,5658 | 0 (100 O (1] o o 0 0.7 o 1]} [} 0.4 o 0.00 | 0.01
263444 | 167 | 12,61 | -80.0300 | 26.5658 | 100 | © (1] o 4] o 1] 0.1 (4] (4] o -0.56 (1] 0.00 | 0.00
26391 |168| 32.81  -80.0158 | 26.656561 | 0 75 | 26 (1] 5 1 5 9.2 1 1 1 1.2 1 0.06 | 0.01
26392 169 |29.76 | -80.0165 | 26.6664 | 0 | 33 | 33 | 34 | 2 2 a 5.1 1 1 1 2.0 2 0.156 | 0.07
26393 170 25.95 -80.0171 | 26.6556| 0 (100 0 | © 1 1 1 3.0 1 1 1 4.6 ] 0.00 | 0.13
26394 | 171 | 23.49 —8~0.'01 78 | 26,6553 | 0 (100 O o 1 1 1 7.0 1 1 1 25 o 0.00 | -0.01
26395 |172|21.42 -80.0188 | 26.6554| 0 (100 O o 1 1 1 5.9 1 1 1 3.0 o 0.00 | 0.02
26396 | 173 | 21.36  -80.0192 | 26.6556 | 0 (100 ©O o 3 1 3 6.8 o o o 24 o 0.00 | -0.02
26397 |174|18.33  -80.0202 | 26,6553 | 0 75 | 256 | O 3 2 ] 8.1 (1] (4] (4] -1.1 (1] 0.00 | -0.01
26398 |175|16.09  -80.0209 | 26.6566| 0 |100| O o 4 2 8 34 1 1 1 1.9 1] 0.00 | 0.03
26399 (176 |14.82 | -80.0217 26.6666| 0 (76 | 26 | O 1 1 1 1.2 3 2 6 6.1 ] 0.00 | 0.22
263910 | 177 | 13.47 -80.0219 | 26.6555| 0 | O | 50 | 50 | 1 1 1 1.3 3 2 6 6.4 1 0.03 | 0.20
263911 | 178 | 15.58 -86.62:}0 26.6554 0 100 © o 3 1 3 8.3 1 2 2 0.0 (1] 0.00 | -0.03
2639i 21791 3.67v -80.0242 | 26.6553 | 0 (100| O 0 1 1 1 0.3 0 o o -1.2 o 0.00 | -0.03
263913 | 180 | 12.57 | -80.0257 | 26.6555| 0 | 100| O (1] 1 1 1 -0.1 (4] (1] 4] 1.7 (1] 0.00 | -0.04
263914 | 181 [ 11.05 | -80.0272 | 26,6551 |100| © | © | © 1 1 1 | 04 o o o | -1 [ 0.00 | -0.08
263916 | 182 9.18 | -80.0289 26.6555 (100 0 | O | © 1 1 1 | os ] [} 0 1.0 ] 0.00 | 0.03
263916 | 183 | 8.08 @ -80.0302 | 26.6667 |100 O o o 1 1 1 0.7 o o o 0.6 o 0.00 | -0.01
263917 | 184 | 6.83 | -80.0318 | 26.6552 (100 0 © o 1 | 2 | 2 0.8 o o o -0.4 o 0.00 | 0.00
263918 1865| 3.88 -80.0332 | 26.6666 | 100 0O 0 0 1 : 2 2 6.5 0 0 0 7.8 0 0.00 | -0.17
263919 | 186 | 33.02 | -80.01567 | 26,6529 | 0 100 0O o 3 | 1 3 9.8 1 1 1 1.3 0 0.00 | 0.01
263920 | 187 | 29.96 -80.0164 | 26.6528| 0 100 O o 2 1 2 0.8 1 2 2 3.0 0 0.00 | 0.20
263921 188 | 25.81  -80.0172 | 26,6528 | 0 10 | %0 O 1 1 1 3.4 3 2 6 3.7 2 0.08 | 0.11
263922 | 189 | 23.90 -80.0178 | 26.6529| 0 100 O o 1 1 1 5.5 o o o 2.8 o 0.00 | 0.03
263923 | 190 | 21.563  -80.0186 | 26.6529 | 0 90 10 o 1 = | 52 3.6 o o o 8.7 o 0.00 | 0.09
263924 | 191 | 20.79 -80.0194 | 26.6528| 0 100 O O 3 1 3 3.4 o o o 6.4 [} 0.00 | 0.09
263925 | 192 | 13.53 | -80.0203 | 26.6529| 0 | O 100 O K 1 0.8 4 3 12 | 8.3 2 0.06 | 0.24
263926 | 193 | 15.23 -80.0210 | 26,6529 | 0 @ 90 | 10 0 0 . o . o 1.6 o o o 7.8 o 0.00 | 0.17
263927 | 194 | 14,65 -80.0218 | 26.6528| 0 100 O o o o (4] 0.0 o 0 1] 1.5 o 0.00 | 0.06
263928 | 195 | 14.51  -80.0226 | 26.6526| 0 100 © o 2 1 2 0.6 I 0 0 7.2 o 0.00 | 0.26
263929 | 196 | 16,09 | -80.0236 | 26,6627 | 0 100 O o 3 1 3 0.9 o o o 6.0 o 0.00 | 0.14
263930 | 197 | 14.34 | -80,0241 | 26.6620| 0 100 0 O | 1 | 1 1 07| 0] o] o 08| o |o0.00]-001
263931 | 198 | 12.48  -80.0268 | 26,6629 | 0 100 O o 1 1 1 J 0.1 o o o 0.2 o 0.00 | 0.01
263932 | 199 | 11.03  -80.0271 | 26.6528 | 100 © o o 1 | 1 1 l 0.3 o o o 0.1 o 0.00 | 0.00
263933 | 200 | 9.23 -80.0288 | 26.6529 |100 O | o o 2 | 1 2 1 0.4 o o o 0.5 o 0.00 | 0.01
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1 2 3 4 5
Areal Cover Categories (Cvr) 0-12.6% 12.5t026% 25to650%  50to756% 75t0100%
MacroAlgae Height Categories (Ht) Turf 3cm < 6cm < >6cm
Gorgonian Helight Categories (Ht) 0.25m< 0.50m< >0.50m
Visual Rugosity MacroAlgae BioMass Gorgonian BioMass X. muta BioMass

GT'ing |Seq Sample Coordinates|
Sx ID ID | Depth Flat| Lo Med| Hi | GroundTruthing |Model| GroundTruthing | Model| GroundTruth | Model

(m) Lon Lat % | % | % | % | Cvr| Ht [C*H| C*H | Cvr | Ht |C*H| C*H # |[#/m | #/m
263934 | 201 | 7.80 | -80.0304 | 26.6526 (100 0 | 0 | O | 2 1 2 |14 | 0 [} o | 3.1 0 | 0.00 |-0.01
263935 | 202 | 6.43 | -80.0317 | 26.6530 (100 0 | 0 | O | 1 1 1 0.8 | 0 0 o | 0.7 0 | 0.00 |-0.01
263936 | 203 | 5.26 | -80.0333 | 26.6525(100| 0 | 0 | O | 1 1 1 87 | 0 0 o | 7.3 0 | 0.00 |-0.23
263937 | 204 | 32.34 | -80.0160 | 26.6499| 0 |90 (10| 0 | 2 1 3 | 94| 0 [} o | 1.4 o | 0.00 | 0.01
263938 | 206 | 23.96 | -80.0176 | 26,6498 | 0 | 60 (650 | 0 | 3 1 3 | 69 | 1 2 2 | 38 o | 0.00 | 0.00
263939 | 206 | 21.12 | -80.0190 | 26.6499| 0 (90 |10 | 0 | © [} 0o | 74 0 0 o | 0.2 o | 0.00 |-0.01
263940 | 207 | 14.43 | -80.0206 | 26.6500 | 0 | 0 |25 75| © 0 0| 1.2 | 2 2 4 | 64 8 | 0.43 | 0.21
263941 | 208 | 15.36 | -80.0221 | 26.6500 | 0 | 90 | 10 | 0 | 1 1 1 55 | 1 1 1 3.4 0 | 0.00 | 0.06
263942 | 209 | 14.68 | -80.0236 | 26.6500 | 0 |90 |10 | 0 | 2 1 2 | 27| o 0 0o | 3.2 o | 0.00 | 0.08
263943 | 210 | 33,83 | -80.0153 | 26,6581 | 0 |90 (10 | 0 | 3 1 3 | 85| 1 1 1 0.7 1 0.05 | 0.02
263944A 211 | 20.38 | -80.0167 | 26.6684 | 0 (100 0 | O | 1 1 1 7.2 | 1 1 1 1.3 0 | 0.00 |-0.01
263944B| 212 | 27.66 | -80.0168 | 26.6684 | 0 | 0 |100| O | 1 1 1 53 | 2 1 2 | 24 2 | 0.23 | 0.04
263945 | 213 | 22.12 | -80.0186 | 26.6580 | O |100| 0 | O | 1 1 1 69 | 1 1 1 | -0.2 o | 0.00 | 0.00
263946 | 214 | 17.89 | -80.0201 | 26.6584| 0 |100| 0 | 0 | 3 2 6 | 73 | 0 0 o | o8 0 | 0.00 | 0.00
263947 | 215 | 16,17 | -80.0215 | 26.6580 | 0 |100| 0 | 0 | 2 1 2 | 73| o 0 0o | -0.2 0 | 0.00 |-0.03
263948 | 216 | 13.84 | -80.0230 | 26.6587 | 0 (100 0 | 0 | 1 1 1 05 | 0 0 0o | 1.9 o | 0.00 | -0.04
26431 |217|30.96 | -80.0081 | 26,7264| 0 |50 | 50 o0 | 2 4 8 | 7.7 | 1 1 1 1.5 o | 0.00 | 0.02
26433 |218|27.67 | -80.0102 | 26.7261| 0 (100 0 | 0 | 4 4 |16 | 7.8 | 1 1 1 0.8 o | 0.00 | 0.01
26436 |219|24.90 | -80.0134 | 26.7249| 0 (50 | 50 0O | 1 3 3 | 65 | 1 2 2 | 28 o | 0.00 | 0.02
26437 |220|21.53 | -80.0164 | 26.7249(100| 0 | 0 (0 | © (1] o | 62| 0 0 o | 19 o | 0.00 | 0.01
26438 |221)18.13 | -80.0179 | 26.7254| 0 | O |50 |50 | 3 | 2 | 6 | 22 | 2 | 1 2 | 59 0o | 0.00 | 0.12
264311 | 222 (17.91 | -80.0195 | 26.7262(100| 0 | 0 | 0 | © 0 0 | 6.1 0 0 0o | 3.2 0 | 0.00 | 0.02
264313 | 223 | 15.08 | -80.0224 | 26.7254| 0 (100 0 | O | 1 1 1 20 | o 0 o | 79 o | 0.00 | 0.17
2643165 | 224 [ 11.23 | -80.0255 | 26.7260 | 0 |100| 0 | 0o | 3 1 3 03| o [ o | 0.2 o | 0.00 | 0.02
264317 | 225 | 8.66 | -80.0284 | 26.7263| 0 [100| 0 | 0 | 2 1 2 | 06| 0 0 o | 1.6 o | 0.00 | 0.03
264319 | 226 | 4.66 | -80.0315 | 26.7260 (100 0 | 0 | 0 | © o o | 03| o 0 o | 1.3 o | 0.00 |-0.01
264321 | 227 | 35.38 | -80.0064 | 26.7277| O |50 (50 | 0 | 4 4 |16 | 6.3 | 1 1 1 | -0.3 1 0.19 | 0.03
264342 | 228 | 30.78 | -80.0075 (26.7274| 0 |26 | 76 | 0 | 2 | 1 | 2 | 7.7 | 2 | 2 | &4 | 1.7 1 | 0.04 | 0.01
264322 | 229 | 30.25 | -80.0080 | 26.7280 | 0 | 256 | 75 | 0 | 1 4 4 | 7.7 | 2 1 2 | 15 0 | 0.00 | 0.01
264323 | 230 | 27.66 | -80.0096 | 26,7276 | 0 [100| 0 | 0 | 2 3 6 | 75 | 2 1 2 | 3.2 o | 0,00 | 0,02
264324 | 231 26.00 | -80.0110 | 26,7277 | © | 75 | 25 | 0 | 2 1 2 | 82| 1 1 1 0.9 o | 0.00 | 0.07
264326 | 232 | 26,32 -80.0126 | 26.7274| 0 | 76 25 O | 3 2 6 | 67 | 1 1 1 1.4 0 | 0.00 | 0.00
264326 | 233 | 24.85 -80.0140 | 26,7278 | O (76 | 256 O | 3 2 6 | 66 | 1 1 1 | o8 0 | 0.00 | 0.04
264327 | 234 | 22.42 | -80.0156 | 26.7277| 0 |75 |25 | 0 | 3 | 4 | 12 | 66 | 1 1 1 1.0 0 | 0.00 | 0.00
264328 | 2365 | 20.45 -80,0163  26.7281| 0 256 75 O | 1 1 1 | 67| 4 2 8 | 47 0 | 0.00 | -0.04
264329 | 236 | 21.18  -80.0173 | 26,7277| 0 76 26 O 114 1 5.2 0 0 0 4.4 0 0.00 | 0.03
264330 | 237 [ 21.05  -80.0179 | 26,7281 | 50 | 50 | 0 | O | 2 2 4 | 50| 0 0 o | 06 0 | 0.00 | 0,06
264331 | 238 [ 18.44  -80,0194 | 26,7279 0 100 0 O | 4 2 8 | 79 | o 0 o | -0.2 0 | 0.00 |-0.02
264332 | 239 | 16.52  -80.0211 | 26.7279| 0 100 O O | 1 1 1 | 80| o 0o 0 | -0 0 | 0.00 | -0.02
264333 | 240 | 15.19 | -80.0224 | 26,7276 | 0 100 0 O | 1 1|1 |28]| 0 o 0o | 29 0 | 0.00 | 0.09
264334 | 241 [ 13.73 | -80.0239 | 26.7282| 0 100 O O | 2 1 2 |06 | 0 ] o | 3.0 0 | 0.00 | 0.07
264335 | 242 | 11.71 | -80.0256 | 26.7278| 0 (100, © (O | 2 | 1 2 | 04 (] [} o | 29 o | 0.00 | 0.03
264336 | 243 | 10.30 | -80.0269 | 26.7276 | 0 (100 0 | 0 | 2 1 2 | 01 0 0 0 | -0.2 0 | 0.00 | 0.00
264337 | 244 | 9,03 | -80.0284 | 26.7280| 0 100 0 O | 2 1 |2 |68 |0 0 0 | 1.4 0 | 0.00 | 0.06
264338 | 245 | 7.61 | -80.0300 | 26.7277| 0 100 O O | 1 1 1 [os ]| o 0 o | .03 0 | 0.00 | 0.00
264339 | 246 | 6,06  -80,0316 | 26,7277 (100, 0 O O | © 0 o 02| 0 0 0 | 09 0 | 0.00 | -0.01
26491 |247|31.19|.79.9970 [26.8196| 0 |76 25 | 0 | 3 | 3 | o | &5 | 1 | 1 1 | 14 0 | 0.00 | 0.04
26492 |248|30.76|-79.9986 [26.8191| 0 (76 26 o0 | 3 3 9 |88 | 2 1 2 | 1.0 0 | 0.00 | 0,01
26493 |249|28.98 | -80.0000 26.8188| 0 |76 25 ©0 | 3 4 12 63 | 2 1 2 | 26 0 | 0.00 | 0.06
26494 |250|27.57 | -80.0016 | 26.8192| 0 | 75 25 0| 3 3| 9 | 74| 1 1 1 1.6 o | 0.00 | 0.00
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1 2 3 4 5
Areal Cover Categories (Cvr) 0-12.6% 12.5t026% 25to650%  50to756% 75t0100%
MacroAlgae Height Categories (Ht) Turf 3cm < 6cm < >6cm
Gorgonian Helight Categories (Ht) 0.25m< 0.50m< >0.50m
Visual Rugosity MacroAlgae BioMass Gorgonian BioMass X. muta BioMass

GT'ing |Seq Sample Coordinates|
Sx ID ID | Depth Flat| Lo Med| Hi | GroundTruthing |Model| GroundTruthing | Model| GroundTruth | Model

(m) Lon Lat % | % | % | % |Cvr| Ht [C*H| C*H |Cvr | Ht |[C*H| C*H | # |#/m |#/m
26495 |251|29.87 | -80.0030 [ 26,8196 | 0 | 0 | 50 50 | 4 2 8 | 78 | 1 1 1 | 07 o | 0.00 | 0.00
26496 |252|30.61 | -80.0046 [ 26.8190| 0 |75 |25 o0 | 4 3 (12| 9.4 | 1 1 1 | 1.2 0 | 0.00 | 0.01
26497 |253|25.83|-80.0063 [26.8192| 0 |75 |25 o0 | 3 2 6 | 53| o 0 o | 23 0 | 0.00 | 0.02
26498 |264|24.95 | -80.0076 | 26.8191| 0 | 0 [100 o0 | 3 3 9 | 64 | 1 1 1 | 1.0 o | 0.00 | 0.00
26499 |265|21.96 | -80.0092 [26.8191| 0 |75 |26 o | 2 4 8 | 67 | 2 1 2 | os o | 0.00 | 0.00
264910 | 256 | 23.45 | -80.0105 | 26.8190| 0 | 76 | 26 | 0 | 2 a 8 | 64 | 1 1 1 | 14 o | 0.00 | 0.00
264911 | 257 | 23.08 | -80.0120 [ 26.8190 | 0 (76 |25 0 | 2 4 8 | 65 | 2 2 | 4| 25 0 | 0.00 | -0.01
264912 | 258 | 21.78 | -80.0132 | 26.8189 | 0 | 75 | 25 | 0 | 2 4 8 | 66 | 2 2 4 | 2.6 0 | 0.00 | -0.02
264913 | 259 | 23,59 | -80.0148 | 26.8188 | 0 | 50 (50 | 0 | 2 3 6 | 50 | 2 1 2 | a5 0 | 0.00 | 0.04
264914 | 260 | 23,52 | -80.0164 | 26,8191 | 0 | 76 [ 25 | 0 | 2 3 6 | 6.4 | 2 1 2 | 1.2 o | 0.00 | 0.00
264916 | 261 | 23.54 | -80.0178 | 26.8192| 0 |100| 0 | 0 | © 0 0o | 68 | o 0 o | o9 o | 0.00 | 0.00
264916 | 262 | 22.16  -80.0193 | 26.8191| 0 (100 0 | 0 | © ) o | a8 | o 0 o | 28 o | 0.00 | 0.07
264917 | 263 | 20.85 | -80.0208 | 26.8189| 0 (100 0 | 0 | ©O ) o | 74 0 0 o | 07 o | 0.00 |-0.01
264918 | 264 | 18.60 | -80.0223 | 26.8191| 0 [100| 0 | 0 | 1 1 1|49 | 0 0 0 | 25 0 | 0.00 | 0.09
264919 | 265 | 16.35 | -80.0238 | 26.8190| 0 |100| 0 | 0 | © 0 0| 53| 0 0 o | 3.0 0 | 0.00 | 0.06
264920 | 266 | 13.19 | -80.0254 | 26.8193 (100 0 | 0 | 0 | © [} o |01 0 0 0o | -1.9 o | 0.00 | -0.04
264921 | 267 | 10.16 | -80.0268 | 26.8191(100| 0 | 0 | 0 | © ) 0o | 04 0 0 o | -0.6 0 | 0.00 | -0.01
264922 | 268 | 8.62 | -80.0283 | 26.8189(100| 0 | 0 | 0 | © ) o | 03| o [ o | 0.0 0 | 0.00 |-0.01
264923 | 269 | 8.26 | -80.0297 [26.8194|(100| 0 | 0 | 0 | © [} o | 06 | 0 0 o | 04 o | 0.00 | 0.03
264924 | 270| 7.94 | -80.0313 (26.8192|100 0 | O | O [ © (1] o | o5 | o 0 o | -0.9 o | 0.00 | 0.00
264926 | 271 |31.80 | -79.9987 | 26.8165| 0 (100| 0 | O | 4 | 4 | 16 | 99 | 2 | 1 | 2 | 1.4 | 0 | 0.00 | 0.01
264928 | 272 | 27.15 | -80.0018 | 26.8166| 0 |100| 0 | 0 | 3 4 |12 | 73 | 1 1 1 | o8 0 | 0.00 | 0.01
264930 | 273 | 30.80 | -80.0048 | 26.8167| 0 |75 |25 | 0 | 4 3 [ 12 [ 102 ]| 2 1 2 | 24 o | 0.00 | 0.00
264932 | 274 | 26.86 | -80.0077 | 26.81656| 0 |100| O | 0 | 2 2 4 | 62| 0 [ o | 22 0 | 0.00 | -0.01
264934 | 275 | 22.51 | -80.0106 | 26.81656| 0 [100| 0 | 0 | 2 3 6 | 67 | o 0 o | 0.0 o | 0.00 | 0.01
264936 | 276 | 22.66 | -80.0129 | 26.8166| 0 | 76 (25 | 0 | 3 3 9 | 52 | 3 1 3 | 39 o | 0.00 | 0.03
264938 | 277 | 23.37 | -80.0159 | 26.8166 | 0 | 50 |50 | 0 | 2 1 2 | a5 | 2 1 2 | 40 o | 0.00 | 0.06
264940 | 278 | 21.96 | -80.0193 [ 26.8162| 0 (100 0 [0 [ o | o [ o [ &7 [ 0 [ 0o | o | 08 | o | o0.00 ] 0.00
264942 | 279 | 18.47 | -80.0221 | 26.8166 | 0 |100| 0 | 0 | © 0 0 | 5.1 0 0 o | 29 0 | 0.00 | 0.07
264944 | 280 | 13.07 | -80.0252 | 26.8165(100| 0 | 0 | 0 | © 0 o |-01 | 0 0 0o | 1.8 o | 0,00 | -0.05
264946 | 281| 8,37 | -80.0282 |26.8165|(100/ 0 | © | 0| ©  © | ©0 | ©8 | © | © | O | 1A 0 | 0.00 | 0.03
264948 | 282 | 6.99  -80.0314 | 26.8165| 0 100 0 O | 3 1 3|09 | 0| 0 o | os 0 | 0.00 | -0.01
266541 |283|39.53 | -79.9866 (26,9007 | 0 (76 25 o0 | 4 3 [12]| 75| 1 1 1 | 1.6 0 | 0.00 | 0.05
26542 | 284|31.09 | -79.9883 | 26.9002| 0 (50 50 O | 4 @ 3 | 12 | 83 | 1 1 1 | 09 0 | 0.00 | 0.01
26643 |286|31.04 | -79.9897 [ 26.8997 | 0 |76 | 26 O | & 3 16 | 83 | 2 1 2 | 22 0 | 0.00 | 0.04
26544 286 (31.93 | -79.9913 26,8996 | 0 | 76 25 O s | 3 15 9.7 1 1 1 1.4 0 0.00 | 0.01
26545 |287|30.84 | .79.9928 | 26.8995| 0 |50 (50 | 0 | & 3 |18 | 61 1 1 1 1.4 0 | 0.00 | 0,01
26546 | 288|29,58 | -79.9943 | 26,8998 | 0 | 33 33 33| 4 2 8 | 74 1 1 1 1.5 o | 0.00 | 0,01
26647 |289|28.89 | -79.9958 | 26.8999 | 0 | 33 | 33 | 33| 3 2| 6 | 64| 2 1 | 2 | 24 0 | 0.00 | 0.03
26548 |290|28.62|-79.9974 |26.8998| 0 |75 |25 o0 | 4 3 |12| 88 | 4 1 | 1 | 18 0 | 0.00 | 0.00
26649 |291|27.92|.79.9988 | 26.8999 | 0 | 33 | 33 33| 3 3| 9|61 2 1 2 | 25 1 | 0.03  0.04
265410 | 292 | 26.80 | -80.0004 | 26.9001| © | 75 | 25 O | 4 | 4 | 16 | 87 | 2 1 2 | 20 o | 0.00 | 0.00
265411 | 293 | 25.60 | -80.0019 | 26,9001 | 0 | 50 |50 | 0 | 3 3 9 | 63 | 1 1 1 | 22 0 | 0.00 | -0.01
265412 | 204 | 23.66 | -80.0035 | 26.9002| 0 100 0 O | § 4 |20 69 | 1 1 1 | 07 1 | 0,06 | 0.00
265413 | 296 | 24.23 | -80.0050 | 26,9003 | 0 | 76 |25 0 | 3 3| 9|69 | 3 2 6 | 1.5 0 | 0.00 | 0.00
2665414 | 206 | 23.76  -80,0065 26,8998 | 0 650 60 O | 2 2 | 4 |6a]| 2 2 4 | 24 0 | 0.00 | -0.01
265415 | 297 |23.64 | -80.0079 | 26.8995| 0 |26 76 | 0 | 2 | 4 | 8 | 64 | 1 | 2 | 2 | 00 | 0 | 0.0 0.01
266416 | 298 | 23.10  -80.0096 | 26.8997 | 0 | 26 | 76 0 | 3 3 9 | 66 | 1 1 1 | 1.9 0 | 0.00 |-0.01
266417 | 299 (22,26 -80.0112 26,8999 | 0 60 50 O | 3 4 | 12 | 65 | 1 2 2 | 22 0 | 0.00 | -0.01
265418 | 300 | 22.43  -80.0125 | 26.8999 | 0 | 25 75| o | 2 2 | 4| a9 | 3 3 9 | a4 o | 0.00 | 0.03
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1 2 3 4 5

Areal Cover Categories (Cvr) 0-12.6% 12.6t026% 25t050% 50to756% 75t0100%
MacroAlgae Height Categories (Ht) Turf 3cm < 6cm < >6cm
Gorgonian Height Categories (Ht) 0.25m< 0.50m< >0.50m
Visual Rugosity MacroAlgae BioMass Gorgonian BioMass X. muta BioMass
GT'ing | Seq Sample Coordinates|
Sx ID ID | Depth Flat| Lo Med| Hi | GroundTruthing | Model| GroundTruthing | Model| GroundTruth | Model
(m) Lon Lat % % % % | Cvr| Ht |C*H| C*H | Cvr | Ht [ C*H | C*H # #/m | #/m
265419 | 301 | 22.55  -80.0141 | 26.9000 | © 33 | 33 | 33 2 2 a4 5.3 2 2 4 5.0 0 0.00 | 0.02
265420 | 302 | 20.42 | -80.0156 | 26.9000 | O 0 (100 O 1 1 1 1.6 4 3 12 7.2 (1] 0.00 | 0.16
265421 | 303 | 23.82  -80.0172 | 26,9001 | 0 100| O (1] 1 2 2 6.6 (4] (1] o -0.2 (1] 0.00 | 0.01
26656421A 304 | 23.71 | -80.0174 | 26.9003 | 0 75 |26 | O 2 3 6 6.5 (1] (4] (1] 2.2 (1] 0.00 | -0.01
265422 | 306 | 23.63 | -80.0186 | 26.9003 | 0 76 | 26 0 4 3 12 6.4 o o o 0.1 o 0.00 | 0.01
265423 | 306 | 23.59 -80.0193 | 26.9001 | © 75 | 25 0 3 2 6 6.5 3 2 6 3.3 0 0.00 | -0.02
265424 | 307 | 23.14  -80.0208 | 26.8998 | © 75 | 256 0 2 2 4 6.5 o o o 0.5 o 0.00 | 0.01
265425 | 308 | 22.03  -80.0225 | 26.8996 | 0 75 | 25 0 2 2 4 6.9 3 2 6 2.9 o 0.00 | -0.02
265426 | 309 | 20.90 | -80.0240 | 26.8994 | 0 50 | 50 1] 2 2 4 5.9 3 3 9 5.0 (1] 0.00 | 0.00
265427 | 310 | 22.62 | -80.0254 | 26.9002 | 0 26 |75 | O 2 3 6 0.2 2 1 2 5.8 (1] 0.00 | 0.30
265428 | 311 | 22.94 | -80.0269 | 26.9000 | 0 76 | 256 0 2 3 6 5.8 o o o 2.2 o 0.00 | 0.02
265429 312 21.61 | -80.0283 | 26.8998 | 0 25 | 75 0 2 2 4 6.8 2 2 4 21 o 0.00 | -0.02
265430 | 313 | 21.34 | -80.0299 | 26.9001| 0 100| O 0 2 2 kS 6.8 o o o 1.0 0 0.00 | -0.01
265431 | 314 | 21.31 | -80.0315 | 26.9009 | © 256 | 75 0 3 2 6 7.3 1 1 1 0.3 o 0.00 | -0.01
265432 | 315 | 21.99  -80.0330 | 26.9004 | © 0 100, © 3 3 9 5.5 1 2 2 4.3 o 0.00 | 0.02
265433 | 316 | 22.08 | -80.0346 | 26,.9002| 0 100| O (1] 4] 4] 0 6.7 (4] 4] 4] 0.3 (1] 0.00 | 0.00
265434 | 317 | 21.64  -80.0360 | 26.8999 | 0 (100 O (1] o o 0 6.9 o o o 0.9 o 0.00 | -0.01
265436 318 | 30.81 | -79.9884 | 26.8974 | 0 76 | 26 (1] 5 4 20 9.6 2 1 2 1.7 o 0.00 | 0.00
265438 | 319 | 29.55  -79.9914 | 26.8973 | 0 75 | 25 o a4 3 12 8.2 2 1 2 2.3 0 0.00 | 0.00
265440 | 320 | 29.51 | -79.9946 | 26.8979| 0 100| O 0 4 4 16 9.4 2 1 2 1.9 o 0.00 | 0.00
265442 | 321 | 27.33 | -79.9976 | 26.8977| 0 |100| © (1] 5 4 20 6.3 1 1 1 1.9 o 0.00 | 0.02
265444 | 322 | 25.42 | -80.00065 | 26.8976 | 0 | 100| O (1] 4 3 12 7.5 2 2 4 14 (1] 0.00 | 0.00
265446 | 323 | 24.31 | -80.0035 | 26.8976 | 0 0 100 O 4 3 12 6.3 2 1 2 2.2 o 0.00 | -0.01
265448 | 324 | 24.64  -80.0067 | 26.8975 | © 50 | 50 (1] 3 2 6 6.5 1 1 1 2.7 1 0.04 | 0.00
265450 | 325 | 22.60 | -80.0095 | 26.8974 ] o 50 | 50 o 2 2 4 6.5 2 2 4 2.7 o 0.00 | -0.02
265452 | 326 | 23.18 | -80.0128 | 26.8978| 0 |100| O (1] 1 2 2 6.6 0 o [} 0.9 o 0.00 | 0.00
265454 | 327 | 19.91 | -80.0167 | 26.8973 | 0 0 (100 O 2 2 4 3.6 4 3 12 6.7 (1] 0.00 | 0.08
265456 | 328 | 21.80  -80.0188 | 26.8974 | © 60 | 50 (1] 3 3 9 5.7 3 1 3 3.5 o 0.00 | 0.02
265458 | 329 | 22.28  -80.0210 | 26.8973| 0 (100 O 0 3 3 9 5.9 1 1 1 3.2 o 0.00 | 0.01
265460 | 330 | 21.71 | -80.0240 | 26.8974 | 0 75 | 25 | 0 3 2 6 6.6 2 2 4 2.8 1] 0.00 | -0.02
265462 | 331 | 23.02  -80.0271 | 26.8979 | © 75 | 25 (1] 2 2 4 5.6 0 o o 2.8 o 0.00 | 0.02
265464 | 332 | 21.41 | -80.0301 | 26.8971| 0 100| O 1] 3 2 6 5.2 1 2 2 21 (1] 0.00 | 0.06
265466 | 333 | 22.44  -80.0331 | 26.8972 | © 75 | 25 o 2 2 4 3.8 1 1 1 5.0 o 0.00 | 0.08
265468 | 334 | 21.67 | -80.0361 | 26.8973 | 0 |100| O 0 2 1 2 6.6 o o o 0.8 o 0.00 | 0.00
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AppendixB1. Locationof groundtruthing pointsin southern portiorof Palm BeachCounty.
Gorgonianmodetpredicted biomassontour plotshown overlayingt ADS bathymetryGorgonian
groundtruthing depicted.Numbergefert o ¢ o | U rDidAppeddixg.

NOAA Award NAO3NOS4190209, NSU FinRleporti File Code F247®4-07-F 54



