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Abstract

High Island A-389-A (HI-A-389-A) is a gas platform situated in 125 m water within Flower Garden Banks National Marine
Sanctuary in the northwestern Gulf of Mexico, and provides habitat to a diverse array of benthic organisms and fish species.
Platform production ceased in 2012, beginning the decommissioning process for structural removal. Rather than complete
removal of the structure, the lower portion was left intact as an artificial reef and the upper 21 m was removed. The biological
communities (benthic and fish) were characterized during diver and remotely operated vehicle surveys, both before and after
removal of the upper structure. The platform’s benthic community, primarily categorized as fouling organisms, was mainly
composed of sponges, hydroids, macroalgae, bivalves, zoanthids, and stony corals. The dominant stony coral was orange
cup coral (Tubastraea sp.), an exotic species, while native coral species were rare. Fish species were predominantly demersal
planktivores. Analyses of the benthic and fish communities documented four distinct biological zones strongly associated
with depth. Significant differences in the benthic community were observed after partial removal and varied with depth,
including the loss of hydroids, increase in macroalgae cover, and sponge and coral community changes. Both demersal and
pelagic fish communities exhibited significant differences by depth after removal but no significant changes were observed
in federally managed species. Results reflect changes in benthic and fish communities after partial removal of the platform
that is likely, in part, influenced by structure removal and temporal variations.

Keywords Artificial Reef - Biological Community - Decommissioning * Flower Garden Banks National Marine Sanctuary *
Gas Platform

Introduction

Globally, the interest in offshore energy resources has
resulted in the development of a prominent oil and gas
industry with associated structures built for hydrocarbon
production (Fowler et al. 2014). Approximately 1,621 oil
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and gas structures are currently located in the northern Gulf
of Mexico (BSEE 2022), comprising the largest complex of
artificial substrates in the world (Dauterive 2000; Ajemian
et al. 2015). Oil and gas platforms are required to be
decommissioned once they cease production (Kaiser and
Pulsipher 2005); therefore, Rigs-to-Reefs programs were
created to convert oil and gas platforms to artificial reefs
(Sammarco et al. 2004; Kaiser and Pulsipher 2005; Doyle
et al. 2008; Claisse et al. 2014; Ajemian et al. 2015; Paxton
et al. 2020). Louisiana and Texas have the largest rigs-to-
reefs programs, and as of 2021, 625 oil platforms installed
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Fig. 1 HI-A-389-A and
associated pipeline located
inside FGBNMS boundaries, but
outside of the No Activity Zone,
with inset of underwater
platform profile
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on the U.S. Outer Continental Shelf have been reefed in the
Gulf of Mexico (BSEE 2021).

Since the late 1940s, thousands of oil and gas platforms
have been installed offshore in the Gulf of Mexico (Aje-
mian et al. 2015; Kolian et al. 2017; Dauterive 2000). One
of these platforms, High Island A-389-A (termed HI-A-389-
A based on the outer continental shelf area and numbered
lease block naming convention), is a gas production plat-
form with associated gas pipeline situated in 125 m water
depth in the northwestern Gulf of Mexico (ONMS 2008)
(Fig. 1). The platform, approximately 193 km southeast of
Galveston, Texas, was installed in October 1981 within
1.6 km from the center of the coral reef cap at East Flower
Garden Bank (EFGB). The platform was installed outside a
“No Activity Zone” (NAZ) for oil and gas activity estab-
lished by the Minerals Management Service (precursor
agency to the Bureau of Ocean Energy Management) in an
area that became part of Flower Garden Banks National
Marine Sanctuary (FGBNMS) in 1992 (Fig. 1).

The National Oceanic and Atmospheric Administration
(NOAA) marine sanctuary program serves as the trustee for
a network of 17 marine protected areas authorized by the
National Marine Sanctuaries Act in order to preserve the
natural and cultural resources within these areas. FGBNMS
was designated to protect the banks from increasing
anthropogenic activities, including oil and gas extraction,
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anchoring, and the harvesting of fish, corals, and other
invertebrates. Sanctuary regulations prohibit anchoring,
most discharges, the take of any marine mammal, sea turtle,
or ray, altering benthic habitat, the use of explosives, and
spearfishing; however, conventional hook and line fishing is
allowed. FGBNMS is best known for its coral reefs, con-
sisting of over 50 percent living scleractinian coral cover,
and associated high biomass reef fish community (Gittings
1998; Johnston et al. 2016; Gil-Agudelo et al. 2020). Upon
designation in 1992, sanctuary boundaries were drawn
using the outer edges of the NAZ, enclosing HI-A-389-A
inside the southeast corner of the sanctuary boundary
around EFGB (Fig. 1).

Since installation in 1981, a diverse array of encrusting
and benthic organisms has colonized the underwater vertical
and horizontal platform pilings. The platform is covered
primarily with hydroids, sponges, macroalgae, bivalves,
zoanthids, and a few stony coral species (Embesi et al.
2013; Kolian et al. 2017). The structure, along with its
associated benthic community, attracts demersal reef fish
and pelagic fish species common in the Gulf of Mexico and
Caribbean region (Boland 2002). Damselfish, wrasse,
grouper, jacks, and sharks regularly congregate on or near
the structure (Rezak et al. 1990; Childs 2001; Boland 2002).
Because of this, it has become of interest to fishers and
diving communities.
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Fig. 2 HI-A-389-A platform
horizontal (H) level depth
delineations for pre- and post-
removal surveys
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Pre-Removal

HI-A-389-A produced or processed oil and natural gas
from 1981 until production ceased in 2012, prompting the
decommissioning process (BSEE 2020). Decommissioning
regulations require complete structural removal; however,
the conversion of a platform to an artificial reef can be
considered and approved if certain criteria are met (30 CFR
part 250, subpart Q (§250.1730)). Due to interests expres-
sed from stakeholders in the oil and gas industry and local
diving and fishing communities, NOAA and the Bureau of
Safety and Environmental Enforcement (BSEE) approved a
partial-removal decommissioning plan in 2018 that would
allow the remaining structure to be incorporated into Texas
Parks and Wildlife Department’s artificial reef program.
The decision was to leave the lower portion intact as an
artificial reef, while the upper 21 m would be removed.

The benthic and fish communities on HI-A-389-A have
been the subject of opportunistic studies due to its presence
within the marine sanctuary and interest in documenting the
ecological differences between the artificial and natural
habitats within the EFGB boundaries (Rooker et al. 1997).
Other studies in the region have addressed community
change between standing platforms and those that have
been toppled or reefed, and suggest that maintaining some
structure is valuable for ecological function and biodiversity
(Dokken et al. 2000; Sammarco et al. 2014a; Stunz and
Coffey 2020). On the other hand, there is debate over the
potential of artificial reefs in facilitating the movement and
establishment of nonindigenous species and influence on
fish communities on nearby natural habitats (Sammarco
et al 2004; Broughton 2012; Sammarco et al. 2014b).

HI-A-389-A is the only gas platform situated within a
U.S. national marine sanctuary in close proximity to a
thriving coral reef (Johnston et al. 2016). Platform

Post-Partial Removal

decommissioning in marine protected areas is complex and
requires an understanding of environmental consequences
that may ensue in response to removal of any or all of the
structure (Burdon et al. 2018). This study used a before-
after experimental design and included survey methods
appropriate for collecting benthic and fish data from the
surface to the seafloor (125 m). This study lacked a control;
thus, causality cannot be deduced. However, the experi-
mental study design presents an opportunity to explore
observed quantitative changes in the biological commu-
nities that may represent ecological responses of structure
removal. We hypothesized that benthic and fish commu-
nities would shift with the change in habitat structure in
shallower depths, but would remain unchanged in deeper
depths where habitat remained stable. To our knowledge,
this is the first study within a marine protected area doc-
umenting observed differences in biological communities
after removal of a production platform. Results of this study
contributes to literature evaluating environmental con-
sequences of platform decommissioning that may inform
future decisions about converting structures in the region to
artificial reefs.

Methods

Study Site Description

HI-A-389-A (27°54.02°N, 93°34.38°W; Fig. 1) consists of
eight primary support legs with horizontal and diagonal
support members (Fig. 2). The deck and upper 21 m of the

platform were removed in July 2018 after almost 37 years.
Mechanical severance techniques were utilized for removal.
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Study Design

This study was conducted using a before-after experimental
design by which fish and benthic community structure were
analyzed for differences associated with partial removal of the
production platform via scuba and remotely operated vehicle
(ROV) surveys. Field operations were conducted off NOAA’s
R/V Manta through multiple expeditions in consecutive years
separated by survey technique. Quantitative measures of
benthic organisms (i.e., percent cover) and fish (e.g., abun-
dance, diversity) were collected in July 2015 and July 2017
before the partial removal of the platform and after post-
removal in June, October, and September of 2019. Logistical
challenges associated with the remoteness of the study location
(i.e., 120 miles offshore), limited space on the research vessel,
equipment availability, and ambient weather conditions con-
strained the ability to conduct multiple survey techniques (i.e.,
scuba and ROV) on a single research expedition.

The platform was divided into horizontal (H) sections
delineated by depth for analyses (Fig. 2). Prior to partial
removal, HI-A-389-A consisted of eight horizontal sections
(H1-H8) and following removal, seven sections remained
(H2-H8) (Fig. 2).

Data Collection
Benthic transects

Photographic benthic transects were conducted by scuba divers
down to 40 m water depth, while a ROV was used to complete
transects from 9 m to 125 m depth. ROV (July 2015) transects
were conducted on eight horizontal sections of the platform
(HI-HS8) and scuba (July 2017) transects were conducted on
three horizontal sections of the platform (H1-H3) prior to
partial removal. After partial-removal in July 2018, scuba
(June and October 2019) transects were completed on H2 and
H3 and ROV transects (September 2019) were completed
within H2-H7 (Fig. 2). During post removal surveys, H8 was
not surveyed due to strong currents and low visibility at depth.

Random photographic transects via scuba Non-
overlapping photographs were taken along a 15 m transect
on the top, bottom, and each side of horizontal beams (H1-
H3) where the starting point was randomly generated using
the RAND function in Microsoft Excel® (Table S1 and Fig.
S1). Photographs were taken perpendicular to the structure
at pre-marked 80 cm intervals along the measuring tape,
producing 16 images covering 0.25m? of the substrate,
resulting in 4m? transects. In total, 39 random transects
were completed during pre-removal surveys from H1-H3
(n =624 images) and 35 during post-removal surveys on
H2 and H3 (n =560 images). A Canon Power Shot® G11
digital camera in an Ikelite® housing with standard port,
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mounted on a 0.625-m T-frame and two Inon® Z240 strobes
was used to capture photographs by scuba divers along
random benthic transects (Fig. S2).

Repetitive transect via ROV Repetitive benthic transects
were conducted along horizontal beams (H1-HS8), where non-
overlapping photographs were taken every 5m. Transects
using a forward-looking camera mounted onto the ROV
occurred approximately 1.5m from the structure on the
external side of horizontal beams to avoid ROV entanglement
and began and ended at each corner. The length of horizontal
beams increased with depth, thus the number of photographs
on the transect also increased. In total, 41 transects were
completed pre-removal (n = 598 images) from H1-H8 and 24
transects were completed post-removal (n = 561 images) from
H2-H7. A SubAtlantic 18 ROV Mohawk, maintained and
operated by the University of North Carolina Wilmington—
Underwater Vehicle Program, was equipped with an Insite
Pacific Mini Zeus II high definition (HD) video camera with
two Deep Sea Power & Light 3100 Light-emitting diode
(LED) lights and two parallel Sidus SS501 50 mW green spot
lasers set at 10 cm for scale. The ROV was equipped with a
Kongsberg Maritime OE14-408 10 MP digital still camera
with OE11-442 strobe and two parallel spot lasers set at 10 cm
visible in the still camera frame for scale.

Percent cover

Photographs were reviewed, where poor quality images were
removed from processing due to an inability to accurately
identify organisms. Each image was analyzed using Coral
Point Count with Microsoft® Excel® extensions (CPCe) ver-
sion 4.1 with a customized CPCe code file specific to the
benthic organisms (sessile and motile) on HI-A-389-A. ROV
photographs were cropped to 50 x 50 cm in ImageJ® using the
10cm green spot lasers for scale, to standardize the area of
each image to 0.25 m, consistent with photographs taken via
scuba. Using the random point generator function in CPCe,
images were overlaid with 25 spatially random points for
species identification (Aronson et al. 1994; Kohler and Gill
2006). Organisms positioned beneath each random point were
identified to the lowest possible taxonomic level.

Cover was categorized into: fire corals, hydroids, octocor-
als, black corals, stony corals, erect sponges, encrusting
sponges, macroalgae (i.e., thick algal turfs covering underlying
substrate and algae longer than approximately 3 mm),
bivalves, barnacles, bare substrate, motile organisms (e.g. fish,
urchins), sessile invertebrates (e.g. anemones, tunicates,
zoanthids), and non-data points (e.g., tape measures, shadows,
water column). Non-data points were excluded from further
analyses. Mean percent cover was determined by averaging all
transects per horizontal level. Results were presented as mean
percent cover + standard error (SE).
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Roving fish surveys

Roving fish surveys were standardized to 10 min and con-
ducted at each horizontal level including the horizontal,
vertical, and diagonal supports (Fig. 1). The standard
Roving Diver Technique (RDT) (Schmitt and Sullivan
1996), whereby a diver swims freely throughout the dive
area recording every fish observed and approximate abun-
dance (single [1], few [2—10], many [11-100], and abundant
[>100]), was modified to address the unique area of the
platform. Fish surveys were restricted to the same horizontal
level with the ceiling limit one meter below the next upper
level. Fish observed on support beams were counted in
surveys of the respective horizontal level. Herein, this
method will be referred to as a modified RDT survey.

Fish surveys were conducted via scuba divers from H1-
H3, while the ROV was used to complete surveys from H1-
HS. Surveys were non-repeating and designed to cover the
whole area of each level. Poor visibility and strong currents
did not allow for the completion of ROV fish surveys on HS
during post-removal data collection.

Thirty-three surveys were conducted pre-removal in
2017 and 18 were completed post-removal in 2019. Post-
removal surveys were conducted in the water column at 9 m
to provide a comparative dataset for the pre-removal H1
depth. Surveys were conducted randomly throughout the
day, from dawn to dusk (0700-1800), to reduce diurnal
effects of fish species observed.

Environmental data

Daily sea surface temperature (SST) and sea surface
salinity (SSS) data were downloaded from the NOAA
Environmental Research Division Data Access Program
(ERDDAP) data server for the study period (2015-2019)
from the HI-A-389-A location. Satellite-derived one-day
mean SST data were available as a level-4 global 0.01-
degree grid produced at the National Aeronautics and
Space Administration (NASA) Jet Propulsion Laboratory
Physical Oceanography Distributed Active Archive
Center under support by the NASA MEaSURESs program.
Satellite derived SSS data were available as a level-3
gridded three-day mean dataset from the Microwave
Imaging Radiometer using Aperture Synthesis (MIRAS)
satellite observations over the global ocean.

Statistical analysis
Benthic transects
Bray-Curtis similarity resemblance matrices used square

root transformed percent cover data from benthic groups
identified in CPCe. Permutational multivariate analysis of

variance (PERMANOVA) was used to test for benthic
community differences and estimate components of varia-
tion between horizontal depth levels and removal status (i.e.
pre- and post-removal) (Anderson et al. 2008). There were
no significant differences by survey type (scuba and ROV),
thus data were pooled for analyses. No comparative ana-
lyses were completed for H8, as no post-removal surveys
were conducted on this level due to inclement environ-
mental conditions. When significant differences were
detected, similarity percentages (SIMPER) were used to
assess the percent contribution of dissimilarity between
groups (Clarke et al. 2014). Primary group means by depth
were visualized using metric multi-dimensional scaling
plots (mMDS), based on Bray-Curtis distance matrices
(Anderson et al. 2008; Clarke et al. 2014). Cluster analyses
for horizontal levels were performed on Bray-Curtis dis-
tance matrices with Similarity Profiles (SIMPROF) analysis
to identify significant (o= 0.05) clusters within the data
(Clarke et al. 2014).

Roving fish surveys

Species were classified into four primary trophic guilds,
herbivores (H), piscivores (P), invertivores (I), and
planktivores (PL), based on information provided from
FishBase (Froese and Pauly 2019), and as demersal or
pelagic species (Robins and Ray 1986; Felder and Camp
2009; Humann and Deloach 2014; Froese and Pauly
2019). Semi-abundance metrics (density index [DI], on a
scale from one to four, and percent sighting frequency [%
SF]) were assigned to each species observed on surveys
following methods described in REEF (2019). Shade
plots were used to visually compare changes in fish
community pre- and post-partial removal using untrans-
formed DI*%SF data. These plots were limited to the 20
most important species using type III SIMPROF.

PERMANOVA was used to examine significant differ-
ences in fish community composition between survey type
(two fixed levels: ROV and diver), level (eight fixed levels:
H1-HS), and removal status (two fixed levels: pre- and post-
partial removal). PERMANOVA was performed using a
modified Gower (log10) resemblance matrix with Type III
sum of squares and 9999 permutations under a reduced
model. Where the main test found significant differences,
pairwise tests were performed.

Federally managed Gulf of Mexico reef fish, as listed in
NOAA'’s Fisheries Federally Managed Gulf of Mexico Reef
Fish (NOAA 2022), were examined for changes in abun-
dance as these species are of particular interest in fisheries
management. However, as species observations varied in
number, a modified percent coefficient of variation (CV%)
was calculated to determine if there was sufficient power to
statistically analyze the data (CV <20%) and reduce type I

@ Springer
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Fig. 3 Percent composition of
cover groups per horizontal level
(H1-H8) from pre- and post-
removal surveys. The platform
outline corresponds to the
following depths: H1 (=9 m),
H2 (—22m), H3 (—37m), H4
(=52 m), H5 (=72 m), H6
(=91 m), H7 (—108 m), and H8
(=125 m). No post-removal
surveys were conducted on H8
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errors. Modified CV% was calculated where SE = standard
error and X = mean of weighted abundance categories:

CV% = SE/X

If CV<20%, PERMANOVA was used to examine dif-
ferences in species abundance by level (eight fixed levels:
H1-HS8) and removal status (two fixed levels: pre- and post-
partial removal). PERMANOVA was performed using a
modified Gower (log10) resemblance matrix with Type III
sum of squares and 9999 permutations under a reduced
model. Where the main test found significant differences,
pairwise tests were performed.

Abundance was summed across trophic guilds for each
survey to examine changes in trophic structure. PER-
MANOVA was used to test for differences in trophic
abundance by level (eight fixed levels: H1 - HS8) and
removal status (two fixed levels: pre- and post-partial
removal). PERMANOVA was performed using a mod-
ified Gower (logl0) resemblance matrix with Type III
sum of squares and 9999 permutations under a reduced
model. Where the main test found significant differences,
pairwise tests were performed.

All nonparametric benthic and fish analyses for non-
normal data were conducted in Primer® version 7.0 with
PERMANOVA extensions (Anderson et al. 2008; Clarke
et al. 2014).

Environmental data

Monotonic trends of SST and SSS were analyzed using the
Seasonal-Kendall trend test for averaged monthly SST and
SSS data in a Microsoft Windows" DOS executable pro-
gram developed by USGS for water resource data,
accounting for serial correlation in repeating seasonal pat-
terns (Hipel and McLeod 1994; Helsel and Hirsch 2002;
Helsel et al. 2006).
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Fig. 4 MDS plot of significant group clusters by horizontal level depth
on HI-A-389-A from pre-removal surveys. The ovals are SIMPROF
groups representing significant clusters

Results

Benthic composition differed significantly with depth (PER-
MANOVA, df =7, p=0.001; Fig. 3; Table S2), reflecting
distinct biological zonation (Fig. 4). Four zones were dis-
tinguished by significant clusters of horizontal levels including
H1, H2-H5, H6-H7, and H8 (Fig. 5). SIMPER analysis
identified that, on average, the primary contributor to cluster-
ing of Hl was macroalgae, H2-HS5 erect and encrusting
sponges, H6-H7 other sessile invertebrates (predominantly
zoanthids), and H8 bare substrate (Fig. 5). Scleractinian corals
were found on levels H1- to H7, but were most abundant on
H4. Corals were identified to species to further examine dif-
ferences in mean percent cover by level. Tubastrea sp. was the
dominant stony coral on HI-H5, and was highest on H4 at
17.98% +3.77 (Fig. 3). Few native species, including
Madracis sp. (0.24% = 18, H1-H3) and Pseudodiploria stri-
gosa (0.02% + 02, H1 only), were detected on the structure.
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Fig. 5 Select images
highlighting benthic
communities from distinct
community zones by horizontal
level on HI-A-389-A including
(a) high prevalence of turf algae
and Tubastrea sp. colonies on
HI1 (—9 m), erect and encrusting
sponges on H5 (—72 m),
zoanthids on H7 (—108 m), and
bare substrate on H8 (—125 m)

Native corals represented 27% of the stony coral cover
observed on the platform, while 73% were Tubastraea sp.
Other sessile invertebrates dominated the lower levels of the
platform (H6-H7), chiefly through the increased presence of
zoanthids on H6 (47.29% + 10.69) and H7 (61.05% +38.01).

Significant changes in the benthic community were
observed post-partial removal of the platform (PERMA-
NOVA, df =1, p =0.003), with the loss of hydroids being
the main contributor to these differences (SIMPER, 15%;
Table S1). Hydroids were observed from HI-H7 pre-
removal, ranging in mean percent cover 3-35%. In post-
partial removal surveys, hydroid cover significantly
decreased (PERMANOVA, df=1, p=0.002), with the
greatest change occurring on H2 (19% loss; Fig. 3). Pair-
wise comparisons detected significant differences in the
benthic community on H2-HS, but not H6 and H7 (Table 1),
suggesting changes occurred in the benthic community
from HS upward.

Fish diversity was significantly higher in scuba surveys
from H-H3 than ROV surveys for the same levels
(p<0.001, F =28.176); therefore, survey methods for fish
data were analyzed independently. Seventy fish species (or
species complex, e.g., Goby spp.), spanning 23 families,
were observed from H1-H3 in scuba surveys, including
seven federally managed species. In ROV surveys, 101 fish
species or species complex, spanning 33 families, were
observed from HI1-H7, twelve of which were managed
species.

Differences were observed in demersal and pelagic fish
communities in scuba surveys, with a significant interaction
between removal status and platform level. Independent

Table 1 PERMANOVA pairwise test results for significant differences
between pre- and post-removal surveys from H2 to H7 at HI-A-389-A

Groups t Unique perms P (perm)
H2 - Pre, Post 3.1979 999 0.001
H3 - Pre, Post 1.7717 997 0.022
H4 - Pre, Post 1.7559 35 0.032
HS - Pre, Post 1.9906 35 0.033
H6 - Pre, Post 1.6276 35 0.073
H7 - Pre, Post 1.4465 10 0.191

Bold text denotes significant value

analysis by level showed significant differences in the
demersal and pelagic communities pre- and post-partial
removal at all levels, with the exception of pelagic species
on H2 (Fig. 6; Table 2). After removal of H1, no demersal
species were observed in the water column and pelagic
species composition changed (Fig. 6); however, there was
no apparent movement of species from H1 to the remaining
levels. Federally managed species were observed in low
abundances on H2 and H3 both pre- and post-partial
removal, and because the CV >20% for all species, no
further statistical analyses were performed (Fig. 6).
Demersal and pelagic fish communities differed by
removal status and level in ROV surveys, with a significant
interaction between removal status and platform level.
Independent analysis by level showed significant differ-
ences in the demersal community pre- and post-partial
removal on all levels except H6. In contrast, pelagic com-
munities were similar pre- and post-partial removal on most
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Fig. 6 Comparison of diver fish
community DI*%SF shade plot,
limited to 20 species. Shade
represents DI*%SF value. Post-
removal surveys for HI were
completed by divers mid-water
at 9 m. The upper three
horizontal beam platform outline
corresponds to the following
depths: HI (=9 m), H2 (—22 m),
H3 (-37m)
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levels, apart from H2 and HS (Table 2). The ROV shade
plots consisted of 75% demersal and 25% pelagic species
(Fig. 7). There was no significant shift of species from H1 to
lower levels post-partial removal; however, Atlantic creo-
lefish (Paranthias furcifer), were slightly more abundant on
levels H2 and H3. Several demersal species that were pre-
sent in pre-removal surveys were absent post-partial
removal on H2 and H3, including Brown Chromis (Chro-
mis multilineata) and Sharpnose Puffer (Canthigaster ros-
trata) (Fig. 7). The fish community was largely different
between pre- and post-partial removal surveys on H7. No
comparative ROV surveys were conducted on H1. Federally
managed Greater Amberjack (Seriola dumerili) and Scamp
(Mycteroperca phenax) abundance varied between levels
(»p=0.002, F=4.040 and p<0.001, F=6.116, respec-
tively), with the greatest abundance of both species on H4
and HS5 (Fig. 8). Red snapper (Lutjanus campechanus)
abundance increased with depth but was not statistically
tested as CV >20% (Fig. 8).

In ROV surveys, planktivores were most prevalent,
accounting for 29-68% of the DI on all levels both pre- and
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post-partial removal (Fig. 9). However, trophic structure
was significantly different between level and removal status,
with a significant interaction (pseudo-F = 14.01 and
p>0.001, pseudo-F=3.72 and p=0.014, and pseudo-
F=2.71 and p > 0.001, respectively). Independent analysis
by level showed differences in trophic structure pre- and
post-partial removal, with a few exceptions. Following
partial removal of the platform, herbivore DI declined on
H4 but increased on HS, piscivore DI declined on H4, and
invertivores declined on HS.

SST displayed clear seasonality, with warmer tempera-
tures in the summer and fall months (mean 28.82 °C, June-
November) and cooler temperatures in the winter and spring
months (mean 23.23 °C, December-May) during the study
period. SSS was lower in summer and fall months
(34.47psu) and higher in winter and spring months
(35.24 psu). For time-series mean SST and SSS data, the
Seasonal-Kendall trend test did not reveal any significant
monotonic trends from 2015 to 2019 in the water sur-
rounding HI-A-389-A after adjusting for correlation among
seasons.
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Fig. 7 Comparison of ROV fish
community DI*%SF shade plot,
limited to 20 species. Shade
represents DI*%SF value. The
platform outline corresponds to
the following depths: H2
(—22m), H3 (—37m), H4
(—52m), H5 (=72 m), H6

(=91 m), H7 (—108 m), and H8
(—125 m). No pre- or post-
removal surveys were
conducted on HS
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Discussion

The present study documented changes in biological com-
munities on a gas platform, located within the boundaries of
FGBNMS, before and after the removal of the upper portion
of the structure. The submerged infrastructure of the plat-
form provided substrate upon which organisms could settle,
grow, and congregate for over 37 years, while the working
deck, top sections, and well conductors acted as a shade
structure prior to their removal. The benthic community
associated with the shallowest segment of the platform (H1)
was distinct and partial removal eliminated those species, as
the sessile organisms were unable to abandon the platform
during removal. While significant changes in the demersal
fish community were observed, the data did not indicate a
large-scale movement to lower depth tiers (>H2).

A combination of factors likely contributed to the com-
munity changes observed following the partial removal of
the platform. Although partial removal cannot be justified as
a single causality for observed changes, it is arguably a
major contributor to the differences detected in the benthic
and fish communities. In effect, an entire habitat was
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removed from the upper 21 m of the water column, where a
shift in the fish community (particularly the loss of demersal
species) and a complete loss in the benthic community was
expected. It is unknown whether fish species simply
migrated deeper on the structure or emigrated to a new
location/habitat; however, data collected indicates that there
was little or no downward movement of fish species after
partial removal. In combination with the partial removal of
the structure, several factors likely contributed to fish and
benthic community changes, such as seasonality, inter-
annual variability, and food availability, though not all these
factors were measured in this study as drivers of observed
change (Stanley and Wilson 1997; Daigle et al. 2013).
Much scientific debate has also centered on comparisons
of benthic and fish communities on artificial and natural
reefs (Rooker et al. 1997; Thanner et al. 2006; Burt et al.
2011; Sammarco et al. 2012; Ajemnian et al. 2015). Despite
seasonal variations and changing climate in the north-
western Gulf of Mexico, the benthic community of the
natural reef of the nearby EFGB changed little over time
(i.e., 30 years) (Johnston et al. 2016, 2021). Mean coral
cover at EFGB is approximately 50% and dominated by
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Fig. 8 Comparison of DI*%SF
of federally managed Gulf of
Mexico reef fishes from ROV
and scuba surveys. Shade
represents DI*%SF value.
Values in parenthesis represent
CV%. The platform outline
corresponds to the following
depths: H1 (=9 m), H2 (—22 m),
H3 (=37 m), H4 (—52m), H5
(=72 m), H6 (—91 m), H7
(=108 m), and H8 (—125 m).
125 m). No post-removal
surveys were conducted on H8

Fig. 9 Pre- and post-removal
ROV summed trophic guild
density index (DI) on horizontal
levels HI-HS8. The platform
outline correspond to the
following depths: H1 (=9 m),
H2 (—22m), H3 (—37 m), H4
(=52 m), H5 (—72 m), H6
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Orbicella franksi, P. strigosa, Porites astreoides, and
Montastraea cavernosa (Johnston et al. 2021). The domi-
nant coral on the platform, Tubastraea sp., is rare but pre-
sent on the natural reef (ONMS 2008). Tubastraea coccinea

<
e
2

10% 20% 30% 40% 50% 60% 0% 80% 90% 100%
®Pisavore  © Invertivorz  ® Planktivere @ Herbivore

is an ahermatypic cup coral native to the Indo-Pacific but is
known to be exotic in the Gulf of Mexico (Fenner and
Banks 2004; Precht et al. 2014). Two additional Tubastrea
species have more recently been reported in the Gulf of

@ Springer
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Mexico (Sammarco et al. 2014b; Figueroa et al. 2019), but
species identification is difficult from pictures alone.
Tubastraea sp. is the most abundant stony coral on artificial
substrates within the Gulf of Mexico and hundreds to
thousands of colonies can be found on a single platform
(Fenner 2001; Sammarco et al. 2012), but it is not well-
known what impact removing a portion of the structure can
have on these communities. Sammarco et al. (2014b) found
significantly higher densities of Tubastraea sp. on a toppled
platform, compared to a standing production platform.
Results from the present study cannot be directly compared,
as coral densities were not measured; however, both studies
reported abundant Tubastraea sp. above 50 m (Sammarco
et al. 2014b), as Tubastraea sp. grow well on artificial
substrates and in disturbed habitats (Byers 2002; Sheehy
and Vik 2010).

Sponge and algal abundance have been found to be
negatively correlated; as algal cover increases, a corre-
sponding decrease in sponge cover is observed (Cardenas
et al. 2012). This relationship proved true for macroalgae
and sponge (erect and encrusting) percent cover on the
upper three levels of HI-A-389-A following removal (H2-
H4); however, it did not occur on the deeper levels of the
structure. Percent cover of macroalgae increased on all
levels except H4 after the top portion of the platform was
removed and sponge (erect and encrusting) cover decreased
on H2-H3, but not H4. Concurrently, hydroid cover
decreased on all horizontal levels. The percent cover of
macroalgae and hydroids was inversely related; where
hydroid cover decreased, macroalgae cover increased. The
loss in the hydroid community may be attributed to factors
related to light exposure. While observations of light
availability were not directly measured, the removal of the
working deck (which served as shade structure) greatly
impacted light availability and increased light exposure
throughout the platform. Many species of hydroids are
sensitive to ultraviolet light, and exposure can prevent
colony growth or degeneration (Gili and Hughes 1996).
Additionally, light can reduce settlement of negatively
phototactic hydroid larvae. In general, hydroids are less
abundant in well-lit environments where competition with
algae for the substratum is greatest. It is not known whether
this is an effect of direct competition or an evolved avoid-
ance trait in hydroids (Gili and Hughes 1996); however, the
generalized assumption is that as hydroid cover declines, it
likely opens space that becomes colonized by macroalgae,
which is supported by this analysis.

Percent cover of other sessile invertebrates (anemones,
bryozoans, tubeworms, tunicates, and zoanthids) was
highest below 91 m, with the greatest percent cover on H6
and H7. Zoanthids accounted for the greatest decrease in
percent cover post-removal, with nearly a 30% decrease in
cover on H6 and H7. The other four groups in this category
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had low percent cover pre- and post-removal, which sug-
gests they are not significant components of the biotic
composition of HI-A-389-A. For example, bryozoans are
common on offshore platforms in the northern Gulf of
Mexico, but often exhibit a patchy distribution and are
subject to considerable dieback in warmer months (Gall-
away and Lewbel 1982), which may have occurred in our
study, as data were collected during July 2017 and June and
September 2019.

Similar to earlier studies of this platform (Rooker et al.
1997) and other artificial reef structures in the Gulf of
Mexico (Ajemian et al. 2015), the fish community varied
with depth. While the partial removal of the platform
impacted both the demersal and pelagic fish community on
H1 due to the sudden loss of habitat and structural com-
plexity, overall variations in the fish community on deeper
levels pre- and post- removal were likely a result of inter-
annual, seasonal, or diurnal changes (Luecke and Wurts-
baugh 1993; Barker and Cowan 2018). Neither Ajemian
et al. (2015) or Claisse et al. (2015) observed significant
differences in the fish communities or biomass of standing
(intact) versus cut-off (partial removal) platforms and sig-
nificant temporal variation has been previously documented
on this platform (Rooker et al. 1997) and in fish commu-
nities on nearby natural banks within the sanctuary (Wet-
more et al. 2020; Johnston et al. 2018, 2021). While the
trophic structure of the fish community changed after the
partial removal of the platform, planktivores were the pre-
dominant species in all surveys. At the nearby natural reefs
within the sanctuary, piscivores predominate trophic abun-
dance (Johnston et al. 2021) and the abundance of plank-
tivores at the platform highlights this community’s
connection to the pelagic environment. It should be noted
that fish surveys were taken throughout the day, but night
surveys were not conducted due to diver safety and ROV
entanglement precautions. Therefore, day versus night fish
behavior and movement among the platform levels were not
captured in this study.

While SST and SSS were not notably different over time,
clear seasonality was observed within surface waters sur-
rounding HI-A-389-A, typical to what has been observed at
EFGB during annual monitoring (Johnston et al. 2021).
Despite seasonal variation, sea surface temperature and
salinity data were within the accepted limits for coral reefs
located in the Western Atlantic Ocean (Johnston et al. 2021;
Coles and Jokiel 1992), and therefore not considered sig-
nificant drivers of change associated with the benthic and
fish communities on the upper levels of the structure. It
should be noted that salinity and temperature data were not
available at depth.

Two different survey methods (scuba divers and ROV)
were employed in this study to characterize the fish com-
munity of HI-A-389-A. While the associated sounds and
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visuals of both these survey methods, resulting in gear
attraction or avoidance, have been known to alter fish
behavior (Dickens et al. 2011; Sward et al. 2019; Wetz et al.
2020), these were the methods available and most appro-
priate for data collection for this study. Scuba diver-based
surveys allowed for detailed observation of the platform,
with divers able to swim within the structure and make
closer observations of the fish community, but were
restricted to the upper 40 m of the platform. ROV surveys
were conducted from outside of the structure at a standar-
dized speed with limited close up observations, but were
able to collect data from the surface to the seafloor at 125 m.
Results from both methods provided valuable insight into
the fish community associated with the platform.

The data presented in this study reflect a snapshot in time
following the removal of a large portion of HI-A-389-A.
The observations between pre- and post-removal surveys
allowed, in some capacity, for a comparison of the benthic
and fish communities, in which significant differences were
observed. Though it cannot solely be attributed to removal
of the structure, it is evident that the benthic community was
severely impacted by the extraction of habitat. Additionally,
demersal fishes seemed inherently more impacted by
removal of this structure than pelagic species; however,
seasonal and interannual changes are likely occurring as
well. This study offers valuable information that affords
some understanding of impacts that can occur to biological
communities with the removal of platform structures.
Beyond the loss of considerable shallow habitat, other
factors warranting further study include changes in light
availability, water movement, and the biological interac-
tions between the motile and sessile assemblages. Con-
tinued monitoring will help document further temporal
shifts in the benthic and fish communities and better cor-
relate causality of the observed changes. Monitoring of
partially removed platforms is critical in fully understanding
temporal changes which can better inform future platform
decommissioning decisions in the region.
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Data are available from NOAA upon request.
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