











Coral assemblages of the South Texas Banks

cal feature with a vertical relief of 14 m (Figure 2D). One 270
m transect ascended from the northside base at 73 m to the
crest at 62 m. Harte Bank is a 0.37 km? rectangular feature
with a vertical relief of 16 m (Figure 2E), and was surveyed
using one transect of 394 m, extended across the terrace at
83—90 m from the slope base at 99 m.

Video analysis

DVMP Pro 5 software was used to embed time—stamp
metadata on each video. The ~36 h of videos were reviewed
in their entirety to elimi-
nate frames when the ROV
was at rest or too far from
the seabed to accurately as-
sess the macrofaunal com-
munity, the video was out
of focus, or the parallel la-
sers were not present. For
each transect, the video was
then spliced and 30 second
sequences were subsampled
with Ultra Video Splitter
(Aone Software). Subsam-
pled sequences were clas-
sified as slope or terrace
habitat. The linear distance
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could be assigned consistently to species based on their dis-
tinct morphology. Because of difficulty in identifying cor
als to species on the basis of video data, all other colonies
could not be consistently assigned to species, genera, or in
some cases family. To maximize the number of groups and
therefore detail obtained from the analysis, we assigned all
other colonies to the lowest possible groupings in which we
had confidence that errors in identification did not occur:
Tanacetipathes, Antipathes (except A. furcata), Hexacorallia,
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between the start and end
position of each sequence
was considered the length
of the subsampled sequence
and was derived from the
simplified inverse geodetic
equation (Vincenty 1975,
Karney and Deakin 2010)
with equatorial and po-
lar radii of 6,378,200 and
6,356,750 m, respectively.
This distance and the mean
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width of the field of view,
estimated from the paral-
lel lasers, were used to esti-
mate the area surveyed (m?)
in each sequence.

Coral species were iden-
tified to the lowest possible
taxon with the aid of origi-
nal species descriptions and
the NOAA Flower Gar
den Banks National Ma-
rine Sanctuary image and
document library (https://
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flowergarden.noaa.gov).
Colonies of Antipathes fur-
cata and Thelogorgia stellata

FIGURE 2. Charts indicating transect locations (thick white lines) and select depth contours (thin white lines) in
meters at the terrace and base of 5 banks in the northwestern Gulf of Mexico. A. Baker Bank. B. Aransas Bank.
C. Dream Bank. D. Blackfish Ridge. E. Harte Bank. The extent of Baker Bank (A) and Harte Bank (E) are indicated
by the white-outlined boxes in the insets.
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TABLE 1. Bank and fransect characteristics. Distance to nearest neighbor, regional depth, shallowest depth, rugosity, terrace count (Ter), and number

of site components (Site comps) were determined by Nash et al. (2013).

Bank

Transect

Nearest

Bottom Neighbor Regional Shallowest Area

Site  Date Length Depth

Lat (N) Long (W) temp (°C) (km) depth (m) depth (m) (km?2) Rugosity Ter comps (2012) (m) (m)
Aransas 27592  96.450  23.5-24.1 3.08 73 59 0.51 0.00143 4 1 19-Sep 564 60-69
Baker 27.750  96.233 23.7-23.8 9.22 74 58 1.39 0.00187 3 5 21-Sep 451 60-76
Blackfish 26.877 96.777  23.1-23.8 9.26 75 61 1.36 0.00154 3 1 23-Sep 270 62-73
Dream 27042 96.708  22.8-25.7 14.55 84 68 2.07 0.00129 4 2 26-Sep 1100 69-84
Harte 26.654  96.573 19.9-23.0 17.96 99 83 0.37 0.00324 2 3 27-Sep 394 83-99

sea fan, sea whip, and hydroid. Coral colonies, characterized
as a single—stemmed organism, were counted as they crossed
the bottom of the viewing frame and densities (colonies/m?)
were calculated for each species per video sequence.

The following abiotic variables were calculated by Nash
(2013) and used in this study: distance to nearest neighbor,
regional depth, shallowest depth, area, rugosity, terrace
count, latitude, longitude and number of site components
(Table 1). In brief, distance to nearest neighbor was deter-
mined from the center peak coordinates of each bank and
the Harversine formula for great—circle distances of a sphere.
Regional depth was the mean depth of a 200 m buffer zone
outside polygons defining the boundary at the base of each
site component in ArcGIS®, while shallowest depth was the
depth at the crest/peak. Area was the planimetric area of
the defined site components, rugosity was calculated using
the Benthic Terrain Modeler version 3.0 (Walbridge et al.
2018), and terrace count was defined as the number of flat
areas bounded by steep slopes. Latitude and longitude were
the center peak coordinates, and number of site components
was defined as the number of individual geologic structures
within the bank boundary.

Statistical analyses

Because of unbalanced sample sizes , we used all subsam-
pled sequences from Blackfish Ridge, Harte Bank, and Bak-
er Bank slope, which had < 30 subsamples per topographic
feature (i.e., slope and terrace), and we randomly selected
30 subsamples from those banks with > 30 subsampled se-
quences per topographic feature. Sample rarefaction curves
(Figure S1), produced with PAST v. 3.20 (Hammer et al.
2001), indicated that 30 subsamples is sufficient to capture
5.5 of 6 and 7.2 of 8 groups recorded on the slopes and ter-
races, respectively. On slopes, 10 subsamples were sufficient
to capture 4.5 of the 6 groups. Subsamples totaled 38.8%
(Aransas), 27.3% (Baker), 59.8% (Blackfish), 21.2% (Dream),
and 31.2% (Harte) of the total transect area per bank. Non—
parametric analyses were conducted in Primer v. 7.0.13
(Clarke 1993, Clarke et al. 2014, Clarke and Gorley 2015).

Densities were fourth—root transformed and Bray—Curtis
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similarities among samples were calculated. To test for differ-
ences in community structure among banks and topographic
features, we analyzed the data using a 2—way, crossed PER-
MANOVA with bank and topographic feature as fixed fac-
tors with 9999 permutations. Default settings were: Sum of
Squares = Type 111, fixed effects sum to zero for mixed terms
= checked, and permutation method = permutation of resid-
uals under a reduced model. Because significant interaction
was detected among factors, follow—up pairwise tests com-
parisons were conducted for the bank x topographic feature
term. Differences detected by PERMANOVA can be attrib-
uted to location effects and dispersion effects of samples. To
determine if observed differences were, in part, because of
dispersion effects, we conducted a PERMDISP analyses with
the following settings: 9999 permutations, pairwise tests,
and distance to centroids. The correlated Bonferroni tech-
nique (Drezner and Drezner 2016) was applied to control
for potential type I error associated with multiple testing.
To identify which taxa contributed the most to similari-
ties/dissimilarities among topographic features and banks,
we conducted the following SIMPER analyses with pairwise
comparisons: two—way crossed analysis with bank and topo-
graphic feature as factors and one—way analysis on “bank x
topographic feature” as the factor. We used the BEST rou-
tine to determine which abiotic variables best explained pat-
terns in community structure; for highly correlated (> 0.95)
variables, only one variable was used in the analysis. Only
regional depth and shallowest depth were highly correlated
(0.996); shallowest depth was retained in the analysis because
it is considered more important in influencing biodiversity
along the STB (Nash et al. 2013). Because abiotic variables
were determined for each bank and not for topographic
features, the analyses were based on mean coral densities
for each bank. As above, these mean density values were
fourth—root transformed prior to calculating Bray—Curtis
similarities. Abiotic variables were normalized prior to run-
ning the BEST routine with the following parameters: rank
correlation method = Spearman, method = BIOENYV, maxi-
mum number of trial variables = 5, Resemblance measure =
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Euclidean distance, maximum number of best results = 10,
and permutations = 9999. To assess similarity in community
structure among banks, terraces, and slopes, we performed
ordination by using non—metric multidimensional scaling
(nMDS) analyses with default settings on the similarity ma-
trices calculated from the complete data set and from the
mean coral densities by bank.

ResuLts

From ~36 h of video, we subsampled 497 sequences; 157
were categorized as slope and 340 as terrace. Fewer slope
sequences were quantified due to higher amounts of resus-
pended sediment and therefore lower—quality video for
slopes compared with terraces. Although assigning corals to
species on the basis of video data limited our ability to as-
sign all colonies consistently to species, genera, or in some
cases family, we can provide probable species included in
our coral groups based on morphological and genetic analy-
ses (unpubl. data) of colonies collected at these banks. These
data indicate that the majority of sea whips were likely the
antipatharian Stichopathes lutkeni with some S. cf. occidentalis
and Ellisella spp. Sea fans included Bebryce cinerea, Scleracis
cf. guadalupensis, Hypnogorgia pendula, and Placogorgia spp.,
among others. Antipathes consist primarily of A. atlantica;
however, some may be A. gracilis. Hexacorallia primarily
included species in the families Oculinidae and Pocillopo-
ridae, e.g., Madracis brueggemanni. Tanacetipathes included T.
barbadensis but likely also T. hirta, T. tanacetum, and T. tham-
nea. This report is the first for Thelogorgia stellata and Tanac-
etipathes barbadensis at the STB; the former was identifiable
from video and both were identified by morphological analy-
ses of collected specimens.

Community structure significantly differed by bank and
topographic feature, with significant interaction between
these factors (Table 2). Pairwise testing on the term “bank x
topographic feature” revealed that community structure sig-
nificantly differed among (1) terraces for all banks, (2) slopes
between Harte and all other banks and between Blackfish
and Dream, and (3) slopes and terraces within all banks
except Harte Bank (Table S1). PERMDISP indicated that
dispersion significantly differed among factor states (Table
2), but only 26.3% of significant pairwise PERMANOVA
comparisons had significantly different pairwise dispersion
(Table S1). These results, examination of dispersion in MDS
plots, and comparison of within—group and between—group
similarities indicate that significant differences are largely
due to location effects, i.e., differences among banks and
topographic features.

Except for Harte Bank, overall within— and among—bank
similarities were relatively low (41.5- 58%, 70.3% for Harte
Bank, Table 3); terrace similarities (42.9—67.4%, 71.6% for
Harte Bank) within and among banks were high compared
to slope similarities (12.3—49.2%, 62.3% for Harte Bank)
within and among banks (Table 3). Sea whips were the most
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abundant group (0.8—2.4 colonies/m?) on slopes and terraces
of most banks; sea fans, A. furcata, and Antipathes were usu-
ally the next—most abundant groups (Table 4). These groups

TABLE 2. Statistical results of the 2-way, crossed PERMANOVA (9999
permutations) with fixed factors Bank and Topographic feature (i.e.,
slope and terrace), Type Ill (partial) sum of squares, and permutation
of residuals under a reduced model. PERMDISP was run with distances
from centroids and 9999 permutations run in Primer v. 7.0.13. na = not
applicable. Perms = number of unique permutations.

df SS MS Pseudo-F P Perms
PERMANOVA
Bank 4 23530 5882.6 11.782 0.0001 9930
Topographic
feature 1 16038 16038 32.122 0.0001 9961
Bank x
Topographic
feature 4 8338.6 2084.6 4.175 0.0001 9942
PERMDISP
Bank 4,227 na na 8.220 0.0002 na
Topographic
feature 1,230 na na 0.309 0.6128 na
Bank x
Topographic
feature 9, 222 na na 3.330 0.0054 na

TABLE 3. Coral community similarities among banks, terraces, and slopes.

Bank similarities

Aransas Baker Blackfish Dream Harte All
Aransas 52.76
Baker 52.49 5797
Blackfish 52.89 48.38 56.06
Dream 44.79 44.39 46.35 48.54
Harte 54.25 41.48 53.16 41.67 70.33
All 40.78
Terrace similarities
Aransas Baker Blackfish Dream Harte All
Aransas 67.4
Baker 55.77 58.5
Blackfish 57.78 49.79 57.83
Dream 51.58 4599 48.18 52.15
Harte 60.24 42.86 55.31 47 71.64
All 60.75
Slope similarities
Aransas Baker Blackfish Dream Harte All
Aransas 37.6
Baker 25.1 12.25
Blackfish 43.3 2719 49.2
Dream 37.72 31.01 42.76 44.79
Harte 39.88 16.67 43.16 28.91 62.3
All 42.85
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contributed the most, frequently > 20%, to community simi-
larities and dissimilarities (Table S2); sea whips frequently
contributed > 50%. Total coral abundance was twice as high
and sea fans were 7 times more abundant on terraces than
slopes (Table 4). Hexacorallia were unique to the Baker Bank
terrace (Table 4).

BEST identified the 4 variable model with area, rugosity,
longitude, and number of site components as the best model
to explain patterns in coral community structure among
banks (p = 0.83, p = 0.163). The best models for one to 5
variables are reported in Table S3; rugosity was the best one
variable model (p = 0.58). The high correlation between the
selected model and the coral community structure is appar-
ent in the strong concordance between nMDS ordination
of the BEST abiotic variables and that of the biotic variables
(Figure 3).

DiscussioN

Comparisons to previous surveys

This report of STB coral communities is the first one
in over 20 years for the STB and the first for Harte Bank
(see Nash et al. 2013 for a review of fauna surveys for the
STB); unlike previous surveys, our report is quantitative.
The banks surveyed in this study have similar coral commu-
nity compositions to those surveyed in the 1970s and 1980s
(Rezak et al. 1983), i.e., they are dominated by Antipathes,
sea whips (in particular Stichopathes spp.), and large white
sea fans (i.e., Hypnogorgia pendula). We did identify 2 species

that, although reported for the GOM (Brooke and Schroed-
er 2007, Etnoyer and Cairns 2017), had not previously been
reported for the STB: Thelogorgia stellata and Tanacetipathes
barbadensis. These new reports are possibly due to different
sampling efforts between this study and those of the 1970s
and 1980s.

Coral densities at the surveyed banks are comparable to
those in the southern GOM. For example, Antipathes and A.
furcata densities were respectively 0.0—0.8 and 0.0—1.4 colo-
nies/m?, which is comparable to banks along the Mexican
coast, where mean black coral (A. pennacea and A. caribbe-
ana) densities are 0.1—0.5 colonies/m? at banks impacted by
fisheries and up to 1.3 colonies/m? at less impacted sites (Pa-
dilla and Lara 2003). Although sea whips can achieve den-
sities up to 10—20 colonies/m?* for mesophotic banks and
mid—depth seamounts (550—1150 m), their densities are
often considerably lower (Genin et al. 1986, Opresko and
Genin 1990, Bo et al. 2009). In this study, mean sea whip
densities were 0.8—1.6 colonies/m? for terraces and slopes,
except for Baker bank terrace, where densities were substan-
tially higher at 2.4 colonies/m?.

Sedimentation and the nepheloid layer can have negative
effects on coral and algal communities of the GOM banks
by reducing light penetration and smothering epibenthos
(Rezak et al. 1983, Rezak et al. 1990, Gittings et al. 1992,
Tunnell et al. 2009). For example, Gittings et al. (1992)
found that invertebrate assemblages on outer continental

TABLE 4. Mean densities (colonies/m?) and standard errors for each coral group. Values in parentheses indicate the number of subsampled video

sequences. NP = not present.

Thelogorgia

Antipathes A. furcata Hexacorallia Hydroids Seafans SeaWhips Tanacetipathes stellata
Aransas Bank (60) 0.15+0.03 0.14+0.03 NP 0.05+0.03 0.30+0.07 1.53+0.22 0.03 +0.01 NP
Slope (30) 0.18 £0.06 0.05+0.02 NP 0.02+0.02 0.09+0.05 1.45+0.38 0.01 £0.00 NP
Terrace (30) 0.12+0.04 0.23+0.06 NP 0.08£0.06 0.51+0.12 1.61 £0.21 0.05+0.02 NP
Baker Bank (34) 0.04 +£0.01 0.06 +0.02 1.52+£0.77 0.13+0.07 0.61 £0.15 2.30+0.37 0.01 £0.01 NP
Slope (4) NP NP NP NP NP 1.37 + 1.30 NP NP
Terrace (30) 0.04+0.02 0.06 £0.03 1.73+£0.87 0.15+0.08 0.69+0.17 2.43+0.38 0.01 £0.01 NP
Blackfish Ridge (44) 0.44 +£0.08 0.15+0.05 NP 0.28+0.12 0.52+£0.20 1.16 £0.13 0.01 £0.01 NP
Slope (15) 0.25+0.10 0.15+0.13 NP NP 0.28+0.25 0.88+0.21 0.03 +0.02 NP
Terrace (29) 0.53+£0.10 0.15+0.05 NP 0.42+£0.18 0.64+0.28 1.30£0.17 NP NP
Dream Bank (60) 0.14+0.03 0.05+0.02 NP 0.04+£0.02 0.80+0.31 0.81 £0.15 NP NP
Slope (30) 0.03+0.02 NP NP NP 0.04+£002 0.84+0.20 NP NP

Terrace (30) 0.26 £0.06 0.11 £0.03 NP 0.09+£0.03 1.56+0.60 0.79£0.21 NP 0.01 £0.01
Harte Bank (34) 0.80 £ 0.11 1.40+0.15 NP 0.02+0.01 0.12+0.03 1.50 £0.40 0.03 +0.02 NP
Slope (10) 0.78 £0.21 0.82+0.16 NP NP 0.11 £0.06 1.42 £0.34 0.07 £0.05 NP
Terrace (24) 0.81+£0.14 1.65+£0.18 NP 0.02+0.01 0.12+0.03 1.54+0.55 0.01 £0.01 NP
All slopes (89) 0.20+0.04 0.13+0.04 NP 0.01 £0.01 0.10+0.05 1.14£0.16 0.02+0.01 NP
All terraces (143) 0.33+0.04 0.39+0.06 0.36 £0.19 0.15+0.04 0.73+0.15 1.54+£0.15 0.02 +0.00 NP



Coral assemblages of the South Texas Banks

Aransas
Blackfish I\

Harte
o Dream

Latitude

nearest neigho)

2D Stress: 0.00

Baker
v

A Aransas
v Baker
W Blackfish
& Dream

FIGURE 3. nMDS ordination of South
Texas banks showing a clear separa-
tion in coral communities among banks.
A. Two-dimensional and B. 3-dimension-
al nMDS ordinations of banks based
on the Bray-Curtis similarities of fourth-
root transformed mean coral densities.
C. Three-dimensional nMDS ordination
of banks based on Euclidean distances
of the 4 abiotic variables identified by
the BEST routine in Primer as the best
model to explain patterns in coral com-
munity structure among banks (p =
0.83, p = 0.163). The high correlation
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shelf banks along the northern GOM from eastern Loui-
siana to Alabama were influenced by sedimentation associ-
ated with the Mississippi River plume. On these banks, coral
aggregations were scarce on structures near the plume and
increasingly common with distance from the plume. For the
STB, species diversity and abundance are lower on low—re-
lief banks and banks exposed to high turbidity and the neph-
eloid layer (Rezak et al. 1983), which is highly variable in the
GOM. Compared to banks affected by the Mississippi River
plume, the banks of the STB experience less sedimentation.
Sediment runoff between the Brazos—Colorado and Rio
Grande deltas is minor due to water diversions and flow—re-
stricting structures (Rezak et al. 1983). The nepheloid layer
and sedimentation affecting the STB is maintained by sea-
floor turbulence, including disturbances from commercial
fishing activities, and subsequent resuspension of sediments

(Shideler 1981). Although we observed a relatively small

amount of suspended sediment at all surveyed banks except
on the slope of Baker Bank, we did not quantify suspended
sediments during this study. Therefore, we could not test for
correlations between the sedimentation associated with the
nepheloid layer and coral density and diversity. Future stud-
ies could evaluate whether significant differences in coral
abundance and diversity among banks are correlated with
sedimentation, especially for slope communities, which are
more likely to be exposed to suspended sediments.

Community assemblages and structure

Coral densities on mesophotic reefs and banks are influ-
enced by depth, substrate type and inclination, bottom to-
pography, sediment loads, suspended food availability, and
current and light availability (Sanchez 1999, Bo et al. 2009).
For example, significant differences in community assem-
blage and coral densities exist between slopes and terraces
of deep banks with some species predominantly inhabiting
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only slopes or terraces, whereas other species inhabit both
features (Sanchez et al. 1998, Sanchez 1999, Bo et al. 2009).
Some antipatharians can be common in areas with relatively
large quantities of suspended matter and azooxanthellate oc-
tocorals are common in areas with relatively high water flow
(Sanchez 1999, Opresko and Sanchez 2005). When mean
densities were calculated across all slopes and terraces in this
study, coral densities were 1.3—15.0 times more abundant on
terraces than slopes for all coral groups except Tanacetipathes
and Thelogorgia stellata; however, the opposite pattern was
observed for some groups and banks. Community structure
also significantly differed between slopes and terraces for all
banks except Harte. The primary contributors to these dif
ferences varied by bank and topographic feature; sea whips,
sea fans, Antipathes, A. furcata, hydroids, and Hexacorallia
contributed up to 39% to dissimilarities. Because we only
had environmental data at the bank level, future studies are
necessary to determine which abiotic factors (e.g., substrate
inclination, sediment load, food availability, and dominant
current flows) are driving these patterns with topographic
feature, and whether these patterns would change if ex
plored at the species level.

Among banks, the previously mentioned abiotic factors
as well as geographic location, relative isolation, depth, ru-
gosity, and habitat complexity of banks may control coral
densities and drive differences in diversity and abundance of
coral communities. For example, in habitat suitability mod-
els, Silva and MacDonald (2017) found that rugosity and,
to a lesser extent, topographic position index, were the best
predictors to explain sea fan and sea whip distributions on
mesophotic banks of the eastern GOM. The best predictors
of coral distribution at the species level were rugosity, bot-
tom velocity, fraction of loose sediment, and topographic
position index, which is considered a measure of preference
to topographically intensified currents (Wilson et al. 2007).
In this study, terrace and overall bank community struc
tures differed significantly among most banks independent
of topographic feature . The environmental variables that
best explained the observed differences in community struc-
ture among banks were longitude, area, rugosity, and num-
ber of site components. The latter 3 variables are measures
of habitat availability and complexity and are consistent with
substrate and geomorphology being the best predictors of
coral distribution on mesophotic and deep banks (Howell et
al. 2011, Silva and MacDonald 2017).

A noteworthy consequence of the morphospecies strategy
we used, ie., assigning specimens to groups and not species,
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is that it forces communities to be more similar than they
may actually be. Therefore, it is important to examine which
groups are the primary contributors to differences and iden-
tify which abiotic factors affect their density and distribution
patterns. In this study, no one group was consistently the
primary contributor to among—bank, among—terrace, and
among—slopes differences although A. furcata was generally
more abundant on terraces than slopes and contributed 11—
40% to among—bank differences while sea whips contribut
ed 20-56% to among—slope differences. These differences
are likely related to the species—level effects of geomorphol-
ogy and other abiotic factors at within— and among—bank
scales. Such within—bank factors require further study at the
STB before their effects on the observed coral distribution
patterns can be explored.

Broader implications

Biodiversity studies in the northwestern GOM have pri-
marily focused on coastal ecosystems near academic, federal,
and state laboratories; protected areas; slope and deep—sea
ecosystems associated with gas and oil exploration and pro-
duction; and select economically important species (Fautin
et al. 2010). In contrast, few investigations have been con-
ducted on hard—substrate continental shelf ecosystems such
as the South Texas coast, and few of these are quantitative,
Therefore, the role of the STB in the system—wide ecology of
the GOM remains unclear. This study was the first quantita-
tive survey of the coral communities inhabiting the STB, so
it produced critical baseline data for future studies and man-
agement decisions. Although not quantified, we did observe
evidence of anthropogenic activity at some banks. For exam-
ple, fishing wire, ropes, aluminum cans, and large unidenti-
fied steel objects were observed on the transects, and several
sea fan skeletons were overgrown with zooanthids colonies
at Harte Bank (personal observation, RR). Therefore, a
monitoring program to determine the extent of damage and
the overall ecosystem health is advised. Although the Gulf
of Mexico Science Forum discussed the National Oceanic
and Atmospheric Administration (NOAA)’s “Island in the
Stream” concept and identified the STB as a potential site
of a Marine Protected Area (Ritchie et al. 2008), the STB
were removed from consideration because basic information
about the relict reefs was lacking. This decision highlights
the need and urgency to make this information known. Pro-
tection of these geological legacies should be considered fur-
ther, particularly given evidence of anthropogenic debris and
intra— and inter—bank differences noted during this study.
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