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Project Summary: The intent of this study was to map and evaluate an area of essential fish
habitat in the northeastern Gulf of Mexico northwest of the Steamboat Lumps MPA known as
The Edges Marine Protected Area (MPA) and within fish habitat areas of the West Florida
Shelf identified by a passive sonar array (coordinated by Dr. David Mann and his

students in collaboration and consultation with the Andrew David of the NOAA Panama

City Lab). The new high resolution (70-100 kHz) KSI EM710 multibeam bathymetry

and backscatter maps have been saved in numerous formats for future usage including
Geographic Information Systems (GIS) applications. Due to equipment malfunction, we
were unable to supplement these data with additional 200 kHz multibeam data near the
“Edges” but were able to obtain such data closer to Panama City Beach as part of another
project out to 100 m water depth. Furthermore, we had preexisting 300 kHz multibeam

data from the Steamboat Lumps area which we have worked up into two separate
publications (Allee et al., 2011 and Wall et al., 2011 — Appendix A and B). A third and

final manuscript is in preparation by Ross et al., which makes use of the high-resolution
(70-100 kHz) KSI EM 710 data we collected from our transit from Key West to

Pascagoula MS, identifying Deep Coral areas along the west Shelf of Florida. All these

data (raw, processed, and final images) are provided in the separate “GoFlex” USB disk

drive for easy access and portability.



Introduction

In addition to managing fish stocks, the Gulf of Mexico Fishery Management
Council has specific mandates to protect essential fish habitat (EFH) and to manage the
coral and coral reef resources of the region. While the definition of EFH is broad, it is
clear in the Gulf Council’s EFH Amendment (GMFCM 1998) that habitat critical to the
productivity of economically important species and habitat that contains coral warrant
special attention. Thus, the Council has expressed a particular interest in an area in the
eastern Gulf known as The Edges (Figure 1). This area contains a relatively high relief
as shown in our initial surveys funded by NOAA (Figure 2). We mapped this area using
our Kongsberg Simrad EM 3000 300 kHz multibeam and backscatter system, the same
one that we used to fully map the Florida Middle Ground MPA for the Gulf Council. The
Florida Middle Ground MPA has both stony and coral and octocorals, representing one of
the northernmost coral communities in the U.S, just to the east of The Edges MPA.

Edges
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Figure 1. Location map of “The Edges” MPA (in green parallelogram), which has been
partially mapped using the USF EM 3000 multibeam bathymetry and backscatter system
(Figure 2). See Figure 3 for video stills of coral existing within The Edges area.



Figure 2. Area previously mapped using the USF EM 3000 (300 kHz) multibeam
bathymetry and backscatter system within “The Edges” MPA, which lies within these
four coordinates, NW: 28 51, N 85 16 W; NE: 28 51 N, 84 04 W; SE 28 14 N, 84 42 W
SW: 28 14 N, 84 54 W. The depth scale ranges from 60 (red) to 90 (purple) meters. We
propose to build off this survey into shallower water, where the full swath and detail of
the EM 3000 will be best used. See Figures 3 and 4 for examples of coral found within
this mapped area.

Detailed multibeam bathymetry and backscatter maps of the seafloor is
fundamental to the study and management of living natural resources. In the marine
environment, the collection of systematic acoustic bathymetry and imagery maps has just
begun (e.g., Wright et al., 2002). This mapping is critical in areas like The Edges
because of its offshore depth range from ~50 m to ~ 90 m which is assumed to be
important habitat for a number of economically important reef fish species (Koenig et al.



2000) and the existence of both photosynthetic corals as well as deeper filter feeding
corals as observed further south in deeper waters of the Pulley Ridge area we have also
mapped (Jarrett et al., 2005). In addition, these areas are likely to experience heavier
fishing pressure, as shallower areas become depleted, and increased oil and gas
exploration for new energy sources occurs. Most of these areas in the Gulf of Mexico
lack adequate descriptions of the benthic geomorphology, the basis on which habitat
maps should be developed. Examples of the corals so far observed in this area are
shown in Figure 3 from a NOAA cruise in April 2008 we participated on.

Methods

We mapped, concentrating in high relief areas, and using the Kongsberg Simrad
EM 710 multibeam bathymetry and backscatter system, using the area mapped in Figure
2 as are starting point. Our intent here is to classify, map, and structurally characterize
the geomorphology of the area. We plan to further characterize the subbottom and
geological history of this unique paleoshoreline and existing reef system, which would
also include ROV video observations as they become available via ongoing efforts by
Andrew David and others funded separately by NOAA. We provide Arc File format
output for GIS use in the ESRI software packages, which have been successfully used by
Andrew David and his colleagues in rapid follow up ground truth studies. We also have
a 3-D viewer of the multibeam bathymetry data that comes with the 3-D data files to
enable various perspective views of the bathymetry. The multibeam bathymetry and
backscatter data will allow us to:

(1) map and classify major geomorphologic features of The Edges

(2) define major geomorphologic features; such as pinnacles, ridges, low relief hard
bottom, and sediment cover

(3) describe the basic surficial geology using a ground-truth data that is or will become
available under other follow up surveys.

Operational Considerations

Performance of tasks.--This study requires the combined efforts of the University of
South Florida and NOAA Fisheries at the Panama City Lab. Geologists at the University
of South Florida will interpret the acoustic imagery and classify geomorphological
features. They will work with scientists at NOAA to relate the geomorphological units to
benthic characterizations using the ground truth data from them. The investigators will
develop and enter map products into an ESRI GIS framework.

How this fits into jurisdiction’s strategy.--The Gulf of Mexico Fishery Management
Council has a specific mandate to protect essential fish habitat (EFH). While the
definition of such habitat is broad, it is clear in the Gulf Council’s EFH Amendment
(GMFCM 1998) that habitat critical to the productivity of economically important
species and habitat that contains coral warrant special attention. Thus, the Council has
expressed a particular interest in the unique coral formations of The Edges.
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Figure 3. ROV Video stills from April 2008 in The Edges area. Red laser dots, where visible represent 10
cm. Preliminary identifications are as follows: A) Gorgonian with white basket stars (also filter feeders)
and a pencil urchin at the top B) Another gorgonian octocoral C) Gorgonians with a spider crab behind the
tan one D) More gorgonians and basket stars, there is an encrusting sponge or tunicate on some of the
larger stalks (these are also filter feeders), the fish are amberjack E) Red grouper with several tomtates
(light colored with thin head-to-tail stripes), a yellow tail reef fish (just above small hole in rock over the
grouper's shoulder), a squirrel fish (behind gorgonian and above the grouper, just behind dorsal fin) and a
couple of rough tongue bass (above grouper's tail, below tomtates, light colored with orange spot in middle
of body). F) small red branching guy (lower left) is a gorgonian, the red encrusting organism (lower
middle) is coralline algae. White creatures are zig-zag azooxanthellate scleractinian coral (Madrepora
oculata) . G) color morphs of gorgonian octocorals. H) Sponge.
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Figure 4. Additional images from Edges ROV cruise. Red dots, where visible, represent
10 cm. A) Sponge. B) Gorgonian. C) Close up of gorgonian polyps, filter feeding
tentacles can be seen. D) The red and tan creatures to the left and in background are
gorgonians, there is a white basket star on one. The thin white whip-like creature to the
right is a black coral (the skeleton is black, the animal's tissue is white). E) the white
corals are gorgonians, the purple is either another gorgonian or a bryozoan. F) Another
gorgonian.

How this coordinates with relevant local government and non governmental agencies.
The principal investigators on this project routinely give talks to state and federal natural
resource managers, to peers at scientific meetings, and to environmental groups. They
also provide radio and television interviews as part of their interest in outreach to the
community. We have worked closely with the Gulf of Mexico Fishery Management




Council, the Florida Fish and Wildlife Conservation Commission, and such non-
governmental agencies as The National Geographic Society and the Environmental

Defense. These organizations make a considerable contribution to research through their

outreach components, acting as liaisons between our research group and the public. The

intent of their cooperation is to raise an awareness of fishery and ocean ecology among

the public, Gulf region fishery managers and regulators, and the fishing industry so that
marine resources can be better managed to provide benefits now and in the future.
Information will reach the public through these venues as well as through websites
maintained by the principal investigators. We will present results to the Gulf of Mexico

Fishery Management Councils and other fishery managers and fishing industry groups.

Finally, results will be published in peer-review journals.

REVISED (X) Task timetable with interim benchmarks (2010-2011)

Objectives 10 11 12 1 2 3 4 5 6 7 8 9
Cruise Preparation, Bathymetry and X

Ground Truth Data Mining, and Data X X X X

Integration,

Multibeam Mapping (bathy, backscat) X X X X

Data processing and analysis X XXX X X X X X
Progress Reports and Manuscripts X X X
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Abstract:

The Madison-Swanson Marine Protected Area is located off the Florida coast in the Gulf of Mexico at the margin of
the continental shelf and slope in 60 to 140 m of water. Prominent within Madison-Swanson is a limestone ridge,
thought to be the remnant of a 14,000+ year-old coral reef. The Pulley Ridge Habitat Area of Particular Concern is a
100+ km-long series of N-S trending, drowned, barrier islands on the southwest Florida Shelf. It appears to be
formed on top of an ancient coastal barrier island or strand line during a period when sea levels were ~ 65 to 80 m
lower and is believed to be the deepest hermatypic coral reef on the continental shelf of the United States. The depth
ranges from ~ 55 m near the eastern edge of Pulley Ridge down to about 115 m on the western edge. Fisheries
studies of Madison-Swanson indicate that Mycteroperca spp. (grouper) and Lutjanus campechanus (red snapper) are
associated with hard bottom features, with spawning aggregations of M. microlepis (gag) and/or M. phenax (scamp)
confirmed at several sites. Canonical Correspondence Analyses (CCA) conducted on fish and habitat data from
Madison-Swanson indicated gag are most closely associated with relict coral reefs and to a lesser degree with
greater depth and higher relief while red snapper had a higher correlation with soft corals. Remotely Operated
Vehicle (ROV) observations were used to associate fish species with habitat types for Pulley Ridge. The loose
rubble found in Pulley Ridge was conducive for Epinephelus morio (red grouper) to excavate pits in the sediment
and they were the most abundant large grouper species in that area.

Key Words

Drowned Barrier Islands, Hermatypic Corals, Mounds, Paleoreef, Paleoshoreline, Ridges, Pinnacles, Grouper,
Mycteroperca, Spawning aggregation

Introduction:
The Madison-Swanson Marine Protected Area (MPA) and Pulley Ridge Habitat Area of Particular Concern

(HAPC), two protected areas off the Florida shelf in the eastern Gulf of Mexico (Fig. 1), were established by the
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Gulf of Mexico Fishery Management Council and the U.S. National Oceanic and Atmospheric Administration to
protect benthos-associated organisms. However, the types of organisms and the reasons for the protection are quite
different (1, 2). Madison-Swanson is used by an economically valuable reef fish species, the gag grouper, as a
spawning ground (3, 4). Pulley Ridge contains the deepest hermatypic scleractinian coral colonies in the continental
United States (5, 6). Madison-Swanson was closed to most fishing activity in 2000 to improve reproductive output
and subsequently stock size of the grouper, which in turn was hoped to produce financial benefits to the fishery.
Pulley Ridge was closed to most fishing activity in 2005 to maintain the biodiversity associated with the coral
formations.

Madison-Swanson is a 394 km? area located ~60 km southwest of Cape San Blas, Florida, at the margin of the
continental shelf and slope in 60 to 140 m of water and is a site of spawning aggregations of gag (Mycteroperca
microlepis) and other reef fish species (4). High-resolution seismic stratigraphy (7) and 300 kHz multibeam data (8)
show that the Madison-Swanson MPA is a drowned river delta that is estimated to have formed between 58,000 and
28,000 years ago (9). Prominent within Madison-Swanson is a continuous ~13 km long curved ridge ~ 6 m tall and
~ 80 m wide in ~ 80 m of water depth (Fig. 2) interpreted by Gardner et al. (9) to be a barrier island that formed
contemporaneously with the delta, but then was preserved with the onset of rapid sea level rise ~14,000 years ago.
An upwelling current flows perpendicularly to the long axis of the feature and has undermined the sand at its base
creating a trench along the offshore face. This current has undercut the rock structure to a sufficient degree that
numerous large boulders have calved off the offshore face and now lie in the trench. This boulder field, and the
ridge itself, form the type of highly rugose habitat preferred by gag. Pulley Ridge (Fig. 3) is a 100+ km-long series
of N-S trending, drowned barrier islands on the southwest Florida shelf ~ 250 km west of Cape Sable, Florida.

It appears to be formed on top of an ancient coastal barrier island or strand line dating back approximately 14,000
years before present when sea level was ~ 65 to 80 m lower (5). Presently, Pulley Ridge periodically underlies the
Loop Current, which feeds into the Gulf Stream western boundary current. The Loop Current brings warm, nutrient-
rich waters that are clear enough to allow 1-2 % of sunlight to reach the ~ 65 m water depth (5). Biological
assessments of these protected areas were carried out in generally similar fashions; initial mapping with multibeam
sonar followed by targeted observations with remote still and video cameras.

Geomorphic features and habitats:



The formation of the Florida carbonate platform began when North America and Africa rifted apart during the
opening of the Atlantic Ocean. This occurred approximately during the late Triassic to early Jurassic (~ 200 Ma)
(10; and references therein). This rifting caused substantial faulting and subsidence of the original continental crust,
and the formation of shallow seas, coral reefs, and the deposition of relatively flat layers of carbonate sediment,
approximately 1 to 5 km thick, primarily composed of limestone over the original crystalline basement forming the
majority of the Florida carbonate platform. The depositional history, however, was complicated during this long
interval, because of the repeated rises and falls of sea level during glacial events and terrestrial (siliclastic) sediment
transport from the north. The most recent rise in sea level occurred after the last deglaciation (~14 Ka), and evidence
of this rapid sea level transgression has been observed in the preservation of several paleoshorelines at the
approximate depths of 65, 70, and 80 m in the Pulley Ridge area (5, 6) and Madison-Swanson area (9), which
correlate well with similar depths near the Marquesas Keys along the southern edge of the Florida platform (11).
Initial data collection was aboard the R/V Suncoaster operated by the Florida Institute of Oceanography. The sonar
head was fixed on a secure pole mount, with metal brackets and metal stays to insure maximum rigidity. Seafloor
patch tests were conducted before and after the cruise, using the KSI acquisition and post-processing software. An
Applanix POS/MV (Version 3.0) was used to measure ship attitude (heading, roll, pitch and heave) and position and
velocity. Additional post-processing has been applied to the data using CARIS HIPS software. A real-time surface
sound velocity sensor was used to measure variations of the surface waters, as well as routine CTD casts.

Mounds

The Mounds is a relatively small area of exposed relict coral in the central portion of the Madison-Swanson MPA
(Fig. 2). There are no dramatic bathymetric changes in the vicinity of this feature and the vertical relief of the
carbonate outcrops can be as high as 3 m. The exposed margin of the feature is ephemeral as currents and large
storm events bury and uncover rock with the surrounding unconsolidated small grain sand, clay, and silt. Despite its
small size, the Mounds is very biologically rich with large numbers of reef fishes and invertebrates.

Pinnacles

The Pinnacles of Madison-Swanson is a relict coral reef with relief approaching 10 m. Depth increases drastically
beyond the offshore face while the inshore face transitions smoothly into a sandy substrate. This area has the high
rugosity associated with living coral reefs and supports high abundance of octocorals, sponges, nonhermatypic

corals and other encrusting invertebrates.



Pockmarks

EM 3000 multibeam sonar has detected very circular but low relief (<1 m) pits or depressions that range from 5 to
15 m in diameter in both areas and most everywhere in between during transits over smooth sediments in water
depths of about ~ 80 m (+/- ~ 20 m). This abundance of pockmarks or circular depressions has been noted and
documented by others using both side-scan sonar and multibeam data. Video data (12) document that these pits are
created by red grouper.

Ridge

Madison-Swanson

This prominent feature within Madison-Swanson is a continuous ~13 km long curved ridge ~ 6 m tall and ~ 80 m
wide in ~ 80 m of water depth (Fig. 2). There are also shorter and smaller ridges, some of which have been classified
as small, partially buried calcareous pinnacles; however, the majority of the major ridge appears to be an aggregate
reef (D. Palandro, pers. comm.) and is interpreted to have formed on top of the remnants of drowned barrier islands
(9, 11). The Ridge is an area of high relief, as much as 10 m in some areas.

Pulley Ridge

The southern edge of Pulley Ridge marks the very edge of the southern part of the Florida carbonate platform where
the depth drops down to 150 m in a short distance (Fig. 3). The Ridge itself reflects drowned barrier island
morphology at depths of ~80, ~70, ~ 65 m. Smaller ridge-like features are interpreted to be re-curved spits as seen
on present day barrier islands and cuspate forelands (relict inlets, ridges, and/or marsh/lagoon areas). The extensive
crosscutting N-S and E-W preserved bed form structures in Pulley Ridge were most likely formed and then modified
by the rapid fluctuations in sea level described earlier.

Sediments

Madison-Swanson MPA consists of drowned, Karst, hard bottom, rocky outcrops several kilometers in length, and
variable thickness of fine-grained and apparently mobile coarse-grained sediments. Pulley Ridge hosts linear coral

reefs that reside on drowned barrier reefs but with less sediment over the limestone basement.

Trough
Lying between the curved ridges of Madison-Swanson in about 60 m water, extending at least 10 km is a ~ 8 m deep

trough (Fig. 2). The ~ 2 km gap between the two curved ridges appears to be covered by the sediment of the

drowned delta rising 40 m above the limestone basement (9).

Biological communities:



The principal biological interest in Madison-Swanson was a large and mobile apex predator while in Pulley Ridge it
was a sessile invertebrate (Fig. 4). The mobility, or lack thereof, of these biological targets shaped the biological
assessment strategies. In Madison-Swanson the initial effort was complete multibeam bathymetric and backscatter
mapping. These maps were used to stratify the entire reserve into seven regions. The bathymetry was used to
segregate the high relief areas while the backscatter data were used to differentiate low relief areas with different
sediment types. ROV video transects were surveyed to confirm the habitat types within each strata. ROVs were a
poor choice for the fishery assessment however. The lights, noise and movement of ROVs alter fish behavior,
attracting some species and repelling others. Gag grouper are not as inquisitive as other grouper species and tend to
flee upon the approach of an ROV. Therefore stationary camera arrays, using only ambient light, were found to be
the most effective tool to evaluate gag grouper populations. These were deployed in a stratified random fashion to
produce statistically robust estimates of grouper abundance and distribution. Gag also migrate seasonally between
winter spawning grounds on the outer continental shelf and midshelf foraging areas during the spring, summer and
fall. For this reason all sampling had temporal stability with annual surveys beginning within a two week window in
late January and concluding by mid-March.

The primary goal of the Pulley Ridge HAPC was to define the extent, health and abundance of scleractinian corals
within and adjacent to the protected area; the secondary goal was to identify and quantify the fish assemblages
present. Unlike Madison-Swanson, the biological targets on Pulley Ridge, stony corals, are immobile and thus the
survey design was able to exploit the mobility of ROVs without concern for target avoidance. Seasonality was
similarly not a concern, other than a general avoidance of periods with high hurricane or winter storm activity which
would interfere with vessel operations. The persistent nature of the corals also allowed for another modification of
the survey design used to the north at Madison-Swanson; mapping and biological assessments were conducted
concurrently rather than consecutively. After one portion of the HAPC was mapped, ROV survey transects were
selected and executed. The ROV results contributed to the selection of subsequent areas to be mapped. Once the
mapping data from the new area was processed, further ROV transects were planned and completed.

A total of 544 stationary camera array drops were conducted in the Madison-Swanson MPA between 2001 and 2009
(Fig. 5). The stationary camera array utilized four orthogonally spaced cameras in a circular aluminum frame. Each
camera had a 75° field of view resulting in a 15° gap in coverage between adjacent cameras and a total coverage of

300°. At each station the cameras were deployed for 30 min. A 20 min segment of the recorded video was later



analyzed and all species identified to the lowest possible taxonomic level. Thirty three ROV dives were conducted
between 2007 and 2009 in and adjacent to the Pulley Ridge HAPC (Fig. 6). Starting and ending positions for each
dive were preselected and the support vessel moved along the transect at speeds between one and three km/hr. A
downweight was used to stabilize the ROV umbilical against the prevailing currents while a 30 m ‘leash’ below the
weight allowed a significant range to investigate targets to either side of the planned transect. The survey protocol
involved continuous video recording with downward looking digital still photographs taken every two minutes. The
video was used to identify all vertebrate and major invertebrate species as well as the gross habitat types. The still
images were used to determine percent cover of species, species groups, and benthos types. A distinct difference in
habitat types existed inside and outside the HAPC. Sites to the north of the HAPC as well as some dives to the west
of the HAPC primarily supported a heterotrophic octocoral-dominated community lacking the reefal accumulation
which is characteristic inside the HAPC. Habitats within the HAPC as well as some dives to the west of the HAPC
were consistently similar, but drastically different from the other sites. The habitat in this area was characterized as
rock rubble with varying coverage of algae, coralline algae, hermatypic corals, solitary and encrusting sponges,
octocorals, and antipatharians. Sand tilefish (Malacanthus plumieri) mounds and red grouper (Epinephelus morio)
pits were common in this area.

The Pulley Ridge HAPC was characterized as having anywhere from 70-100% rock rubble covered in varying
degrees with encrusting organisms providing some vertical relief. Coral species observed included Agaricia undata,
Agaricia lamarcki, Montastraea cavernosa, and Leptoseris cucullata. We observed Agaricia spp. only on rock
rubble habitat inside the HAPC and a single observation on a single dive to the west of the HAPC. In the areas it
exists, Agaricia can be quite abundant as we had several ROV transect with over 100 colonies sighted. Agaricia was
found in depths between 61 and 89 m with plates of coral ranging in diameter between 5 and 30 cm. One interesting
observation was the abundance of dead Agaricia. It was common to see plates of coral which contained significant
areas of dead tissue, however no stressed or bleached corals were seen. Corals appeared to be either healthy or dead.
Overall, 106 species of fishes have been identified within Madison-Swanson and 73 within Pulley Ridge.

These values must be evaluated in the context of the total effort and methods employed. Nearly 550 camera
deployments were made in Madison-Swanson compared to 33 ROV dives in Pulley Ridge. Also it was previously
noted the camera array is less disturbing to fish than the ROV. It is highly likely a greater number of species are

present in Pulley Ridge than in Madison-Swanson. In Madison-Swanson gag were present at 45% of all sites



surveyed. Other economically valuable species were seen at similar levels: scamp at 65%; red snapper (Lutjanus
campechanus) at 48%; and red grouper at 38%. In Pulley Ridge, the rock rubble habitat (the only habitat found in
the HAPC) had the highest fish diversity with 51 different species. Some fish species were observed in all habitat
types such as: tattlers (Serranus phoebe); reef butterflyfish (Chaetodon sedentarius); and yellowtail reeffish
(Chromis enchrysurus). Some species were observed exclusively over rock rubble such as: cherubfish (Centropyge
argi); blue chromis (Chromis cyaneus); yellowtail damselfish (Microspathodon chrysurus); bicolor damselfish
(Chromis partitus); yellowhead wrasse (Halichoeres garnoti); parrotfish (Sparisoma spp.); blue tang (Acanthurus
coeruleus); and yellowhead jawfish (Opistognathus aurifrons).

Surrogacy:

A series of Canonical Correspondence Analyses (CCA) were conducted on fish and habitat data from Madison-
Swanson. CCA of fish species and habitat indicated gag are most closely associated with relict coral reefs and to a
lesser degree with greater depth and higher relief (Fig. 7), red snapper had a higher correlation with soft corals. The
analysis of habitat and strata revealed the Pinnacles was associated with increasing depth and coral density, the
Mounds was associated with increasing depth and the Ridge was associated with greater sponge, seawhip and soft
coral density. Species and strata associations indicated gag most correlated with the Pinnacles and red snapper with
the Ridge.

A total of 131 grouper were observed on the ROV dives in Pulley Ridge in 2009; 51 grouper were observed over
pavement, 40 over moderate relief outcrops, 28 over low relief outcrops, and 10 over rock rubble (Fig. 8). Even
though grouper abundances were not high on rock rubble, diversity of grouper species was the highest on this habitat
type along with moderate relief outcrops. The loose rubble in the HAPC was conducive for red grouper to excavate
pits in the sediment and they were the most abundant grouper species in that area, however, scamp was the most
frequently observed grouper outside the HAPC. Rock hind (Epinephelus adscensionis) and speckled hind
(Epinephelus drummondhayi) were only found on moderate relief outcrops. Black grouper (Mycteroperca bonaci)
were only observed on rock rubble.
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Figure Captions
Figure 1. The locations of the Madison-Swanson MPA and Pulley Ridge HAPC off the west coast of Florida, USA.

Figure 2. Color-shaded multibeam bathymetry (mostly 100 kHz except for 300 kHz in NE corner separated by
diagonal gap). lllumination is from the SE at an elevation of 60 degrees with 10:1 vertical exaggeration. Following
and adding to a previously published interpretation(9), the following geomorphology is identified: 'R' denotes ridges,
'S' denotes sedimentary back ridge area, 'M' denotes mounds, 'T' denotes trough, 'B' denotes bedforms of variable
dimensions, and 'K' denotes karst-like geomorphology. The smooth (deeper) areas that exist outside the denoted area
are likely to be of sedimentary origin.

Figure 3. Plan view of 300 kHz multibeam bathymetry over Pulley Ridge area. There are two primary drowned
barrier island ridges (Pulley Ridge West and East) at a depth of ~80 and 65 m (the western most orange strip next to
green and the eastern most red color identified by numbers 1 and 3). Number 2 represents an intermediate paleo-
shoreline of about 70 m. Numbers 4, 5, 6, and 7 represent recurved spits in the north, crescent shoreline typical of
barrier islands, cuspate foreland (relict inlets and ridges), and extensive cross-cutting N-S and E-W preserved
bedform structures.

Figure 4. Coral habitats and associated fauna found in Pulley Ridge and Madison-Swanson. A) Agaricia sp. coral
in the Pulley Ridge HAPC. The fish to the left is a rock beauty (Holacanthus tricolor). B) A sand tilefish
(Malacanthus plumieri) mound in the Pulley Ridge HAPC. The mounds are created when the fish pile up loose
rubble and normally have a single entrance at the base. The small fish above the mound is a yellowtail reeffish
(Chromis enchrysurus). C) A gag grouper (Mycteroperca microlepis) in the Madison-Swanson MPA. The red dots
are from a laser measuring system on the camera array and are 10 cm apart. D) A black grouper (Mycteroperca
bonaci) in the Pulley Ridge HAPC. E) A dense stand of octocorals in the Pinnacles stratum in the Madison-Swanson
MPA.

Figure 5. Stationary camera array deployment locations in the Madison-Swanson MPA. The Ridge is in the north,
the Pinnacles is the high relief feature in the lower half of the MPA and the Mounds small feature west of the center
of the area. Varying numbers of gag seen on each deployment are represented by different symbols and colors.

Figure 6. Multibeam bathymetry of the Pulley Ridge HAPC. ROV dive transects are represented by connected lines
with different survey years shown in different colors. The HAPC boundary is indicated with the green line.

Figure 7. Canonical Correspondence Analysis of fish species and habitat in the Madison-Swanson MPA. Gag are
most closely associated with relict coral reefs and to a lesser degree with greater depth and higher relief.

Figure 8. Grouper abundances by habitat type in the Pulley Ridge HAPC. LRO = low relief outcrops, MRO =
moderate relief outcrop, PAV = pavement, and RR = rock rubble. No grouper were observed over sand. LRO, MRO,
and PAV habitats were found outside the HAPC. RR was the only habitat observed in the HAPC. Unid
grouper=unidentifiable grouper (not able to be identified down to species).
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