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Executive Summary: 

The present report outlines the results of an integrated mapping project undertaken to provide habitat maps 

of the shallow Palm Beach County seafloor between the 6m and 35m contours. This study is a continuation 

of a similar mapping study undertaken in Broward County, and results were produced such that a seamless 

and fully compatible mapping product is now available for both counties. The study area stretched from 

26.4429
o 

(E. Linton Blvd) in the south to 26.9590
o 

(Jupiter Inlet) in the north. Compatibility with other, in 

particular NOAA, mapping products was also assured. Data types used in this mapping effort included 

Laser Airborne Depth Sounder (LADS) bathymetry, and single-beam acoustic seafloor discrimination, as 

well as ecological assessments and groundtruthing. The method used for acoustic seafloor discrimination 

was based on the first echo and its associated tail, and on the second echo returns of a 38 kHz and a 420 

kHz signal. The survey system employed was an at-source-logging Biosonic transducers and Biosonics 

recording software. Data analysis used QTC Impact software and a suite of in-house custom-developed 

algorithms that allowed development of an acoustically-based biomass model for gorgonians, algae and 

barrel sponges (Xestospongia muta). A series of controlled experiments and field verifications verified that 

it was possible to acoustically distinguish between different scattering classes correlated  to  different 

seafloor types and different biomasses of scattering organisms. 

 

 
Two sets of mapping products were produced. In Phase I, polygons were produced by visual interpretation 

of LADS bathymetry and input of the acoustic ground discrimination. Phase I maps were based on original 

habitat definitions by the NOAA biogeography program as previously adapted for the Broward County 

habitat mapping program. The final map showed a well-developed linear reef complex, which is a 

continuation of the outer reef of Broward County. Also, the middle reef of Broward County was observed 

in the southern part of Palm Beach County as a linear reef feature. In the northern area of Palm Beach 

County, a series of hardground ridges, likely a drowned headland, had no equivalent to any structures 

observed in the other counties. The majority of the area was covered by sand. Distinctions between linear 

reef, spur and groove, and colonized pavement were based on benthic cover as suggested by acoustic 

seafloor discrimination and geomorphology. The outer linear reef was subdivided into four habitats: 

aggregated patch reef, spur and groove, linear reef and deep colonized pavement. The area east of the outer 

linear reef consisted of a patchy environment with large patches of reef interspersed amongst the deep sand. 

These were more prevalent close to the reef and tapered off eastward, becoming more sandy. The spur and 

groove, linear reef, and deep colonized pavement comprised the outer reef and were separated mainly based 

on geomorphology. The outer reef was separated from the middle linear reef by a wide sand plane (deep 

sand). 

 

 
Underwater video drop cameras aided in the refinement of the mapping categories. Accuracy assessment 

of an independent grid of target points showed the Phase I map to have a Users Accuracy of between 85% 
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and 93% and a Producers Accuracy of 89%. These accuracies compare to NOAA published map 

accuracies. 

 

 
In Phase II, remote ground discrimination based on 38 and 420 kHz acoustic signals was used to map 

spatial complexity as well as biomass of indicator taxa (gorgonians, macroalgae, barrel sponges). Biomass 

models of Phase II  had accuracies of 79.6% for gorgonians, 61.7% for macroalgae, and 86.1% for barrel 

sponges (Xestospongia muta). The biomass model derived from the 420 kHz signals agreed with spatial 

complexity derived from the 38 kHz E1/E2 parameter. The maps show distinct areas of higher biomass 

alternating with areas of lower biomass within the same habitats. Biomass frequently, but not always, 

correlated with acoustically derived spatial complexity, which agreed with diving observations and 

demonstrates the validity of the acoustic ground discrimination. 

 

 
In conclusion, maps of the Palm Beach Countyôs submarine habitats, with regards to geomorphological 

zonation and distribution of benthic biomass of certain indicator groups (gorgonians, algae barrel sponges), 

were produced that were satisfactorily accurate . 
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OVERVIEW  

 

 
Under DEP Agreement G0057 and NOAA Award NA160Z2440, the Florida Fish and Wildlife  Research 

Institute (FWRI), with the assistance of Nova Southeastern University, was required to map the coral reefs 

and other benthic habitats found off Palm Beach County, FL. The area to be mapped extends from the 6m 

to the 35m contour and includes roughly 110 km
2
. It was not specified whether the entire county was to be 

mapped due to the large area. However, excellent progress was made and the entire county was surveyed 

and mapped. 

 

 
The overall aim of the project was to fill  gaps in coverage of knowledge and monitoring of coral reef 

ecosystems and thus complemented the nationwide goals of the Coral Reef Conservation Act, NOAA, 

Executive Order 13089, and the National Action Plan. 

 

 
The produced digital maps are to be included in the South Florida Electronic Area Contingency Plan that 

FWRI is developing jointly with the US Coast Guard to help support oil spill response and planning. 

 

 
The Coral Reef polygons have been provided to NOAA charting division for inclusion into the nautical 

charts. The previous charts did not show any coral reef habitats. 

 

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

minimization of impacts by submarine construction and excavation, such as pipeline routings. 

 

 
Data will  also be included in large-format maps to be shown on a future Palm Beach County Boating and 

Angling Guide, which is to be produced by FWRI. Such guides are to include extensive information about 

marine resources, their protection and conservation. 

 

 
Benthic data will  be added to the SEAMAP Bottom Mapping Project, which consists of various GIS data 

layers produced by the Atlantic States Marine Fisheries Commission and the States of North Carolina, 

South Carolina, Georgia, and Florida. The aim of the GIS data is to identify essential fish habitat. 

 

 
Finally, the maps will  be used for local and state-sponsored monitoring programs to assist in optimal site- 

selection. 

 

 
In order to provide a product that is compatible with these goals, the following approaches were taken: 

 
 

(1) Data were acquired from available sources. 
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(2) A complete bathymetric and acoustic seafloor discrimination survey based on single-beam sonar 

was run at 75m line-spacing over the entire area of Palm Beach County. 

(3) Different survey systems (acoustic ground discrimination, LADS) were used for map production. 

(4) Phase I maps were produced from visual interpretation of LADS bathymetry and are directly 

comparable to the previous Broward County mapping product. 

(5) Phase II  maps were produced from acoustic ground discrimination surveys and represent biomass 

density models for the dominant biotic classes: gorgonians, macroalgae, and barrel sponges 

(Xestospongia muta). 

(6) The final mapping product includes results from both phases. 

Stipulated and provided products were: 

- Geo-referenced maps depicting classified benthic habitats. 

- Habitat classification compatible with other NOAA mapping products. 

- Geo-referenced maps of the distribution of benthic indicator category biomass for gorgonians, 

algae and barrel sponges biomass 

- Production of GIS data layers. 
 

 

The surveys and the survey team were structured as follows: 

PI and overall responsibility: Bernhard Riegl 

Responsible for inception of the survey, financial management, choice of survey hardware, oversight of 

surveys, quality control, submission of final report. 

 

 
GIS, Phase I mapping and reporting: Brian Walker 

Responsible for collation of all existing data types, development and maintenance of LADS GIS, 

development of operator-driven habitat mapping techniques, production of technical part (Phase I) of 

report, collation of final GIS product and production of metadata for submission. 

 

 
Hydrographic Surveys, GIS and Phase II  mapping and reporting: Greg Foster 

Responsible for planning and execution of hydrographic surveys, building of survey hardware, 

maintenance of survey hard- and software, acoustic data processing, development of biomass model, 

development of biomass GIS, production of technical part (Phase II) of report. 
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PHASE I  ï INTERPRETATION  OF BENTHIC  HABITATS  FROM HIGH -RESOLUTION  BATHYMETRY  

 

 
1.1 PHASE I  - INTRODUCTION  

 
 

The benthic mapping was divided into two phases of work, Phase I- visual interpretation of the bathymetric 

and photograph data and Phase II - hydrographic surveys for acoustic ground discrimination and their 

analysis. Phase I utilized high resolution bathymetric data for visual discrimination of bottom features. The 

acoustic ground discrimination data from Phase II  provided spatially explicit data regarding the distribution 

of benthic fauna and flora as well as their biomass. It also allowed the discrimination of different substrata 

due to their physical properties as recorded in the acoustic signal. Both approaches thus supplement each 

other and provide strong synergy. Video groundtruthing aided in the classification of the habitats in both 

Phases I and II. 

 

 
For the production of the Phase I maps, a bottom-up approach was taken (Hewitt et al., 2004). The high 

resolution LADS bathymetry was used to map reef geomorphology; acoustic data from the ground- 

discrimination surveys were used to aid definition of the geomorphologic features into habitat types; and a 

waterproof drop video camera from a boat was used as groundtruthing tool to confirm substrate type. The 

entire area mapped was roughly 254 square-kilometers. The shallow inshore seafloor from the ~0m to -6m 

contour was mapped using a combination of assimilated data types including aerial photography and high- 

resolution bathymetry and the deeper seafloor habitats, from the -6m to the -35m contour, were mapped 

using high-resolution LADS bathymetry and acoustic ground discrimination. The result produced a 

seamless GIS benthic habitat classification of the entire nearshore reef system in Palm Beach County. 

 

 
1.2 PHASE I  - BATHYMETRIC  MAP CREATION  

 
 

The bathymetric survey that produced the data used in visual seafloor interpretation was conducted by 

Tenix LADS Corporation of Australia, using the LADS system with a sounding rate of 900 Hz (3.24 

million soundings per hour), a positioning accuracy of 95% at 5 m circular error probable (CEP), a 

horizontal sounding density of 4m x 4m, a swath width of 240 meters, area coverage of 64 Km
2
/hr, and a 

depth range of up to 70m, depending on water clarity. This survey encompassed North Broward County, all 

of Palm Beach County, and southern Martin County, approximately 75 km in shoreline length, and from 

the shore eastward to depths of ~40m. The entire survey area covered approximately 254 square kilometers 

of marine habitat. The bathymetric data were gridded by triangulation with linear interpolation, sun-shaded 

at a 45° angle and azimuth, and mosaicked with aerial photography of the land. This final image was used 

as the foundation for mapping. 
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1.3 PHASE I  FINAL  MAPPING  CATEGORIES  

 

 
Similar to the Broward habitat mapping effort (Report on DEP Agreement No G0057, NOAA Award 

NA160Z2440), the final map polygons conformed to the NOAA hierarchical classification scheme used in 

Puerto Rico and the U.S. Virgin Islands NOAA Technical Memorandum NOS NCCOS CCMA 152 

(Kendall et al., 2001), with some modification. All  data were mapped in ArcGIS 9x and polygons were 

drawn at a scale of 1:6000 with a one acre minimum mapping unit (MMU). The most notable modification 

was in the mapping of different zones. The Puerto Rico mapping effort classified the polygons into nine 

reef zones according to the featuresô relationship along the shore (i.e. lagoon, back reef, fore reef, 

bank/shelf, etc.). These categories were useful because the NOAA effort mapped everything from land and 

intertidal out to the bank/shelf escarpment. However, many of these mapped zones did not apply in South 

Florida. The absence of an emergent reef in South Florida precluded mapping zones such as lagoon, back 

reef, and reef crest. Also our effort was confined to depths between 6m and 35m, which excluded the land. 

The intertidal zone was not distinguished in this project. Thus, all features mapped in this project reside 

within the Bank/Shelf, Fore Reef, or Bank/Shelf Escarpment zones. 

 

 
Benthic habitats were made compatible to the NOAA Puerto Rico mapping effort with slight modification 

and the previous Broward County mapping effort as closely as possible. The most notable change was the 

omission of submerged vegetation from Phase I (the basemap layer) due to the inability to detect seagrass 

and macroalgae from bathymetry alone. Thus, the detection of these habitat types was conferred to Phase II  

of this project. Groundtruthing showed that much of the deeper sand contained macroalgal mats and sparse 

sea grass beds (H. decepiens). 

 

 
The hierarchical classification scheme for the Palm Beach County mapping effort is as follows: 

Coral Reef and Hardbottom 

Coral Reef and Colonized Hardbottom 

- Linear Reef 

Outer* 

Middle* 

- Spur and Groove 

- Individual Patch Reef 

- Aggregated Patch Reef 

- Colonized Pavement 

Deep* 

Shallow* 

- Ridge*  
 
Deep* 
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Shallow* 

- Deep Ridge Complex* 

Unconsolidated Sediments: 

Sand 

- Deep* 

- Shallow* 

Other Deliniations: 

Artificial              

Inlet Channel*   

Sand Borrow Areas* 

Unknown 

 

 
1. 4. PHASE I  - DESCRIPTION OF MAPPED REEF HABITATS  

 
 

All  definitions are NOAA definitions as described in Technical Memorandum NOS NCCOS CCMA 152 

(Kendall et al 2001) and on their web site (http://biogeo.nos.noaa.gov/products/benthic/htm/ descrip.htm) 

unless otherwise noted by an asterisk (*). The here described categories are also fully compatible to those 

previously used for the mapping of Broward County benthic categories. 

 

 
Coral Reef and Hardbottom:  Hardened substrate of unspecified relief formed by the deposition of 

calcium carbonate by reef building corals and other organisms (relict or ongoing) or existing as exposed 

bedrock. 

 

 
Coral Reef and Colonized Hardbottom:  Substrates formed by the deposition of calcium 

carbonate by reef building corals and other organisms. Habitats within this category have some 

colonization by live coral. 

 

 
Linear  Reef: Linear coral formations that are oriented parallel to shore or the shelf edge. 

These features follow the contours of the shore/shelf edge. This category is used for such 

commonly used terms as fore reef, fringing reef, and shelf edge reef. 

 

 
Linear  Reef-Outer*:  This category included essentially only the reef crest of the 

outer reef. 

http://biogeo.nos.noaa.gov/products/benthic/htm/
http://biogeo.nos.noaa.gov/products/benthic/htm/
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Figure 1.1: Illustration of bathymetric features interpreted as Linear Reef - Outer. 
 
 
 

Linear  Reef-Middle*:  Since the middle reef exhibited much less clear 

morphological differentiation than the outer reef, it was not practical to subdivide it 

into several units. It is therefore encompassed in one single category, ñlinear reefò. 

This category is given a unique color identifier since the acoustic roughness 

measures suggest a largely distinct community structure from hardgrounds, shallow 

reef and outer reef. 

 

 
 

Figure 1.2: Illustration of bathymetric features interpreted as Linear Reef - Middle. 
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Spur and Groove: Habitat having alternating sand and coral formations that are oriented 

perpendicular to the shore or bank/shelf escarpment. The coral formations (spurs) of this 

feature typically have a high vertical relief compared to pavement with sand channels and 

are separated from each other by 1-5meters of sand or bare hardbottom (grooves), although 

the height and width of these elements may vary considerably. This habitat type typically 

occurs in the fore reef or bank/shelf escarpment zone. 

 

 
 

Figure 1.3: Illustration of bathymetric features interpreted as Spur and Groove. 
 

 
Patch Reef: Coral formations that are isolated from other coral reef formations by sand, 

seagrass, or other habitats and that have no organized structural axis relative to the contours 

of the shore or shelf edge. A surrounding halo of sand is often a distinguishing feature of 

this habitat type when it occurs adjacent to submerged vegetation. 

 

 
Individual  Patch Reef: Distinctive single patch reefs that are equal to or larger than 

the minimum mapping unit (MMU). 

 

 
Aggregated  Patch  Reef:  Clustered  patch  reefs  that  individually  are  too  small 

(smaller than the MMU) or are too close together to map separately 
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Figure 1.4: Illustration of bathymetric features interpreted as Individual Patch Reef. 

 

 
 

Figure 1.5: Illustration of bathymetric features interpreted as Aggregated Patch Reef. 
 

 
Colonized Pavement: Flat, low-relief, solid carbonate rock with coverage of macroalgae, hard 

coral, gorgonians, and other sessile invertebrates that are dense enough to partially obscure the underlying 

carbonate rock. 

Colonized Pavement-Deep*: This category includes a transition zone from 

colonized pavement to colonized rubble. Since much of the rubble in the lee of the 

outer reef is at least partly consolidated, the differentiation between colonized 

pavement and rubble would be somewhat artificial. 
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Figure 1.6: Illustration of bathymetric features interpreted as Colonized Pavement - Deep. 
 
 

Colonized Pavement-Shallow*: This category includes flat, low-relief hardbottom 

and rubble. This habitat was limited in Palm Beach to the extreme nearshore. This 

habitat can have variable sand cover, which shifts according to wave-energy in 

response to weather. Thus, some of the colonized pavement will  always be covered 

by shifting sand and the density of colonization will  be highly variable and likely 

linked to temporal changes. 

 

 

 
 

Figure 1.7: Illustration of bathymetric features interpreted as Colonized Pavement ï Shallow. 
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Ridge*:  Linear, shore-parallel, low-relief features that appear to be submerged cemented beach 

dunes. Presumably, they are the foundation upon which the Linear Reefs grew and consist of early 

Holocene beachrock ridges, however, verification is needed. The biological cover is similar to that 

of colonized pavement-a coverage of macroalgae, hard coral, gorgonians, and other sessile 

invertebrates that are dense enough to partially obscure the underlying carbonate rock. 

 
Ridge-Deep*: While the geological provenance of the structure is not clear, its 

morphology suggests it to be a ridge of older age than the outer reef, possibly the 

structure on which the outer reef initiated. It consists of hardground with variable 

and shifting sand cover and benthic communities. 

 

 

 
 

Figure 1.8: Illustration of bathymetric features interpreted as Ridge ï Deep. 
 
 

 
Ridge-Shallow*: Ridges found in shallow water near shore which are geomorphologically 

distinct, yet their benthic cover remains similar to the shallow colonized pavement communities 

on the surrounding hard-grounds. They presumably consist of early Holocene beachrock ridges 

with possibly some Acropora framestones however verification is needed. 



NOAA Award NA03NOS4190209, NSU Final Report ï File Code F2475-04-07-F 11  

 
 

Figure 1.9: Illustration of bathymetric features interpreted as Ridge ï Shallow. 
 

 
Deep Ridge Complex*: A complex of ridges found in deep water in northern Palm Beach 

County. These features reside in depths from 20 to 35m and are presumed to be of cemented beach 

dune origin. Most of this habitat consists of low cover, deep communities dominated by small 

gorgonians, sponges, and macroalgae, but denser areas exist, especially near areas of higher relief. 

 

 

 
 

Figure 1.10: Illustration of bathymetric features interpreted as Deep Ridge Complex. 
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Unconsolidated Sediments: Unconsolidated sediment. 

Sand: Coarse sediment typically found in areas exposed to currents or wave energy. This 

was arbitrarily split into deep and shallow to account for infaunal biological differences. 

SandïDeep*: Sand habitat primarily deeper than the 25 m contour. 
 

 

 
 

Figure 1.11: Illustration of bathymetric features interpreted as Sand ï Deep. 

 
SandïShallow*: Shallow sand is generally highly mobile. Large, mobile sand 

pockets are generally found between consolidated hardgrounds. It is believed that the 

sand movement is a deciding factor in the generation of benthic patterns. 

 

 
 

Figure 1.12: Illustration of bathymetric features interpreted as Sand ï Shallow. 
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Other Delineations: 
 

 
Artificial:  Man-made habitats such as submerged wrecks, large piers, submerged portions of rip- 

rap jetties, and dredge spoil. The example below illustrates several submerged ships and piles of 

concrete placed there as part of Palm Beach Countyôs artificial reef program. 

 

 
 

Figure 1.13: Illustration of bathymetric features interpreted as Artificial. 
 

 
Unknown*: Features which have not yet been identified. This was mainly an area in the north at 

the 60ft contour that appeared to be sand-draped outcrops. 

 

 
 

Figure 1.14: Illustration of bathymetric features interpreted as Unknown. 


































































