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INTRODUCTION
Kenneth J.P. Deslarzes

As we enter a period of increased hydrocarbon extraction and lease sales in the Gulf, the
Minerals Management Service (MMS) has established the need to reexamine and update
what is known about the unique Flower Garden Banks’ coral reef resources to assist in its
decisionmaking process while addressing oil and gas development within the Flower Garden
Banks 4-Mile Zone. This is part of MMS’s efforts to foster the long-term well-being of the
unique biological communities at these banks. Beyond this immediate need for information,
this document also updates various topics concerning the banks--oceanography,
meteorology, commercial fishing, recreation, military activities, hydrocarbon development,
and potential environmental impacts.

Since 1973, MMS has actively implemented a program of protective activities at the
coral reefs of the East and West Flower Garden Banks in the northwest Gulf of Mexico. This
program of stewardship will extend into the future. Protective measures including the
application of the Topographic Features Stipulation and monitoring efforts have ensured
compatibility between an active program of oil and gas development near the banks and the
health of this sensitive biological habitat and national treasure. In June 1994, MMS received
the Federal Environmental Quality Award from the President’s Council on Environmental
Quality and the National Association of Environmental Professionals, which recognized
MMS’s commitment to excellence in environmental protection at the Flower Garden Banks.

The Flower Garden Banks are two remote offshore topographic features. They bear two
large and thriving coral reef ecosystems. The U.S. Dept. of the Interior’s Bureau of Land
Management and MMS pioneered the preservation and long-term monitoring of these unique
tropical resources. Having recognized the ecological value and recreational importance of
the Flower Garden Banks, MMS has invested millions of dollars in environmental studies
since the mid-1970's to identify, describe, map, and protect these important and unique
features from potential adverse impacts associated with oil and gas development near the
coral reef banks. During the 1990’s, the protective 4-Mile Zone surrounding the Flower
Garden Banks has been a place of active oil and gas exploration and production. (The MMS
restricts oil and gas operations within the 4-Mile Zone surrounding the Flower Garden Banks
by requiring the shunting of all drill cuttings and drilling fluids to the bottom through a
downpipe that terminates no more than 10 m from the bottom.) The information update
provided here is intended to enhance MMS’s mission to manage the mineral resources within
the Flower Gardens 4-Mile Zone in an “environmentally sound and safe manner.”



1. GEOLOGY
Katherine M. Ross, Kenneth J.P. Deslarzes, and Jack Irion

a. Physiography and Structure (after Rezak, 1983; Bright and Powell, 1983)

The East and West Flower Garden Banks are located near the shelf edge, approximately
198 km (107 nmi) due south of Sabine Pass (Fig. 1). The Flower Garden Banks are similar
in origin, general structure, and sediment distribution, but differ in the details of structure,
physiography, and sedimentology.

The East Flower Garden Bank (EFGB), centered at 27°54.5'N latitude and 93°36'W
longitude, is pear-shaped and covers an area of about 67 km?* (26 mi?) (Fig. 2). ‘Slopes are
steep on the east and south sides of this bank, gentle on the west and north sides. Water
depth in the vicinity of the bank ranges from about 18 m (59 ft) in the northeastern part of
High Island, East Addition, South Extension (HIES) Block A-388, with some coral heads
extending as shallow as 15 m (49 ft), to 136 m (446 ft) in an elongate depression in the north-
central part of HIES Block A-389 (USDOC, NOAA, 1992). Total relief on the bank is 116
m (381 ft) (Rezak, 1983). |

The West Flower Garden Bank (WFGB) is located 12 km (7 mi) west of the EFGB at
27°52'N. latitude and 93°48'W. longitude. A somewhat larger bank, the WFGB covers
about 137 km? (53 mi®) but has a smaller reef on its crest (Fig. 3). The bank is oval-shaped,
oriented in a northeast-southwest direction and much more rugged than the EFGB. The crest
of the bank lies at a water depth of approximately 20 m (66 ft). Surrounding depths vary
from 100 m (328 ft) to the north to 150 m (492 ft) to the south. Total relief on the bank is
approximately 130 m (427 ft).

The East and West Flower Garden Banks are bathymetric prominences caused by salt
diapirs and are capped by living coral reefs. Bedrock outcrops on the seafloor were caused
by the fracturing of the rocks overlying the upward migrating salt diapir. These rocks served
as substrates for the initial growth of reef-building organisms. The EFGB has been classified
as a young salt dome, and the WFGB as a mature salt dome (Rezak, 1983).

The major fault trends on the EFGB are west-northwest to east-southeast, with minor
trends towards the northeast and the southeast (Fig. 4). North-south profiles show the
faulting to be step-like, upslope, down-faulting typical of the tensional fractures produced
during the domal uplift of sedimentary rocks over salt domes. The large crestal graben has
developed partly due to the tensional stresses developed during uplift and by the removal of
salt from the crest of the ridge by dissolution. It is expected that faulting will continue as
long as salt is being dissolved from the crest of the salt stock (Rezak, 1983).

A brine seep complex found on the EFGB in 1976 consists of interrelated components:
brine seep, brine lake, overflow, and canyon with mixing stream (Bright and Powell, 1983;
Gittings et al., 1984). The basin containing the brine lake is 60 m (197 ft) from the edge of
the bank, 4 m (13 ft) deep, oval-shaped, and 30-50 m (98-164 ft) wide. The brine lake,
approximately 25 cm (10 in) deep, occupies part of the eastern and central basin floor at 71
m (233 ft) depth. The lake is irregular in shape with a cuspate “shoreline.” Numerous brine
seeps occur in the sandy bottoms between the “shoreline” and reef rock wall of the basin.
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Dendritic rivulets of brine have been observed in sands along the shoreline leading from the
seep to the lake. The canyon, approximately 60 m (197 ft) long, extends from the east-
southeast margin of the basin to the edge of the bank.

From 1976 to 1980, the residence time of brine in the basin was estimated to be less than
one day. The lake, 25-30 m (82-98 ft) long, 15-20 m (49-66 ft) wide, and generally less than
0.25 m (10 in) thick, contained approximately 465 m* (3,900 bbls) of brine. The overflow
rate of brine from the lake into the canyon, calculated by current meter and direct
measurement of outflow cross-section area, was approximately 355-717 m*/day (2,977-6,014
bbls/day). Residence time was therefore 0.65-1.3 days. The depth of the brine lake and the
overflow rate appeared unchanged during the 4-year observation period. Based upon
measured outflow of the brine lake and the salinity of brine in the lake (salinity > 200),
calculations show that the amount of solid salt being removed from the crest of the salt diapir
ranged from a minimum of 10,765 m*/yr (90,289 bbls/yr) to 21,710 m*/yr (182,088 bbls/yr).
As other smaller seeps are known to exist at the EFGB, this is a minimum range for the
removal of solid salt.

The natural removal of such large volumes of solids beneath the crest of the bank would
eventually create sizable caverns beneath the cap rock and the overlying substrate. Collapse
of the crest of the reef or other patterns of the bank into these caverns would depend upon
the strength of the cap rock and the overlying reef. If these structures are weak, collapse
would be gradual, keeping pace with the removal of salt. However, if either the cap rock or
overlying substrate is strong, the caverns may attain considerable sizes before failure occurs
and the collapse becomes catastrophic (Bright and Powell, 1983).

Chemically, the brine has a higher density than seawater, is anoxic, and contains
exceptionally high levels of dissolved hydrocarbon gases (methane, ethane, and propane) and
hydrogen sulfide. The density differential inhibits mixing of the lake brine with overlying
seawater. Because of the lack of mixing, chemical characteristics of water above and below
the interface differ drastically over a vertical distance of less than 2 cm (0.8 in), e.g., salinity;
36.7 vs. 200.

Local relief on the WFGB is much greater than at the EFGB. Although the structure of
both banks is the result of normal faulting, more movement has apparently occurred along
the faults at the WFGB. Although no brine seeps have been observed at the WFGB, the
chief source of these structural differences may be the greater amount of salt removal at the
WFGB.

The structure of the WFGB is typical of a mature salt diapir in which crestal faulting has
occurred. The crestal graben at the WFGB, which extends from the southeast corner of HIES
Block A-399 to the southeast corner of HIES Block A-384, exhibits much greater relief than
the crestal graben at the EFGB. The WFGB has an abundance of normal faults. The
numerous bathymetric prominences on the bank represent horsts that stand above the
surrounding graben (Fig. 5; Rezak, 1983).

The living reef on the WFGB lies in the north-central portion of HIES Block A-398.
Rising from depths of 40 to 50 m (131-164 ft), it crests at about 20 m (66 ft). Extending
from near the base of the reefs towards the northeast and the south is a broad terrace that
extends to depths of 60-70 m (197-230 ft). The surface of this terrace is characterized by
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large waves of sediment consisting primarily of sand from the coral debris facies and gravels
of the Gypsina - Lithothamnium facies. The gravel waves are oriented normal to the
isobaths. Below these depths are numerous lineations (faults and outcrops of tertiary
bedrock covered by drowned reefs) and patch reefs scattered to depths as great as 170 m (558
ft). Most of the patch reefs above 90 m (295 ft) appear to have formed during the last rise
of sea level (Rezak, 1983).

b. Sedimentary Facies (after Rezak, 1983; Bright and Powell, 1983)

Sediment distribution at the Flower Garden Banks is illustrated in Figure 6. The
sediments of the two banks differ markedly in origin from the sediments of the open shelf
surrounding the banks. Bank sediments are all derived from the skeletons of organisms that
are living on the banks. The sediments in the open shelf surrounding the banks are sands and
muds eroded from the North American continent and mechanically transported to the Gulf
of Mexico by rivers (Mississippi, Atchafalaya, Trinity, Sabine, and Brazos Rivers). These
sands and muds do not occur at depths shallower than 75 m (246 ft) at the Flower Garden
Banks. The sediments above the 75-m (246 ft) level are all coarse sands and gravels and the
rocky limestone structure built by the corals and other reef-dwelling organisms. The loose
sediments around the reef reflect the depth zonation of the biological communities present
on the two banks. Table 1 illustrates the relationship between the biological zones and the
sediment facies.

As indicated in Table 1, the sediment facies are related to the biological zonation and
hydrological conditions at each bank. However, the distribution of the sediment does not
coincide with the boundaries between biotic communities, partly due to the downslope
movement of loose sediment by the force of gravity and partly due to the use of soft-bodied
organisms in delineating the biotic zonation. In Table 1, for example, the lower boundary
of the Algal-Sponge biotic zone is based upon the lower depth limit of Neofibularia, a
sponge that also grows in the upper part of the Amphistegina sand facies. The distribution
of the living, lime secreting, skeletal organisms points to a downslope direction of sediment
transport on the banks. This, in combination with the fact that there is no land-derived mud
in the bottom sediments above a depth of 75 m (246 ft), substantiates the conclusion from
water and sediment dynamics studies that the currents flow around the banks rather than up
and over them (the nepheloid layer rarely rises to depths of 75 m [246 ft]). Any fine
sediments, such as occur below the 75 m (246 ft) depth, would be trapped in the irregular
topography of the living reefs or Gypsina - Lithothamnium facies if they were ever carried
to the top of the reef by either physical or biological processes.
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Table 1. Relationship Between Sediment Facies and Biological Zones at the East Flower
Garden Bank (after Rezak, 1983).

Sediment Facies Depth (m) Biological Zone Depth (m)

1. Coral Reef 15-50 1. Montastrea-Diploria-Porites  15-36 |
a. Living Reef 15-45 2. Madracis 28-46
b. Coral Debris 25-50 3. Stephanocoenia 36-52

2. Gypsina-Lithothamnium 50-75 4. Algal-Sponge 46-88

3. Amphistegina Sand 75-90 5. Transition 88-89

4. Quartz-Planktonic Forams 90+ 6. Nepheloid 89

5. Molluscan Hash 90+

c. Petroleum Geology

The prospective horizons of the northwestern continental shelf are of Miocene, Pliocene,
or Pleistocene age. The environment of deposition of the continental shelf and slope in the
northern Gulf of Mexico are two of the most significant factors controlling hydrocarbon
production. Sediments deposited on the outer shelf and upper slope have the greatest
potential for bearing hydrocarbons because this environment is the optimum zone for
encountering the three ingredients necessary for the successful formation and accumulation
of oil and gas: reservoir rock, source beds, and traps. :

There are approximately 975 fields on the Federal OCS of the Gulf of Mexico. Of these,
742 produce primarily gas and 157 produce primarily oil. In the remaining 76, production
or productivity has not yet been determined. Production depths range from about 300 to
6,700 m (984-21,983 ft). The MMS’s publications show that 9.683 billion barrels of oil and
condensate and 117.4 trillion cubic feet of gas had been produced from Federal OCS lands
as of December 31, 1995 (USDOI, MMS, 1996a).

In the Western Plannmg Area of the Gulf of Mexico Reglon (where the Flower Garden
Banks are located), proven reserves are predominantly gas. Pleistocene reservoirs account
for 33 percent, Pliocene reservoirs for 1 percent, and Miocene reservoirs for 66 percent of
the remaining proven gas reserves. In the Central Planning Area, both proven oil and gas
reserves are significant. For oil, Pleistocene reservoirs account for 34 percent, Pliocene
reservoirs for 30 percent, and Miocene reservoirs for 36 percent of the remaining proven
reserves. For gas, Pleistocene reservoirs account for 38 percent, Pliocene reservoirs for 20
percent, and Miocene reservoirs for 35 percent of the remaining proven reserves. The other
7 percent remaining proved gas reserves are from Oligocene, Cretaceous, and Jurassic
reservoirs (USDOIL, MMS, 1996a).

Hydrocarbon reserves on and around the Flower Garden Banks occur in the Pleistocene
trend, and there have been seven proven fields discovered in this area. Five of the seven are
classified as gas fields and even though the other two fields are classified as oil fields, they
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both contain notable amounts of natural gas (nearly half of the reservoirs in these two fields
are gas reservoirs). Six of the seven fields have produced hydrocarbons, and all of the six
have produced significant amounts of gas.

d. Geohazards and Hydrocarbon Development

Within the northern Gulf of Mexico, major geohazards to oil and gas development are
associated with seafloor geologic features that result in seafloor instability. These hazards
present many operational limitations to the exploration and development of oil and gas.
Seafloor instabilities present limitations and necessitate adaptations in the siting, structural
engineering, and routing of pipelines, exploratory drilling, and production platforms. Three
conditions prevail on the Gulf of Mexico continental shelf that cause unstable conditions on
the seafloor: (1) salt movement, which may result in salt domes, faults, steep slopes, gas
seepage, and sediment slumping; (2) sediment overloading and differential compaction,
causing growth faults and differential subsidence; and (3) rapid sedimentation in deltaic
areas, which results in unconsolidated, fine-grained, often gas-charged sediments.

Because the East and West Flower Garden Banks are bathymetric prominences caused
by salt diapirism, unstable conditions related to salt movement can be expected. The central
graben at the EFGB (over 1.5 km in diameter and 5 m deep at the 50-m isobath), for
example, has developed partly due to the tensional stresses during uplift and the removal of
salt from the crest of the ridge by dissolution. As long as the formation of the crestal graben
and resultant faulting are likely to continue at the EFGB, Rezak and Bright (1981) concluded
it would be unwise to place any permanent structures on the bank. As the WFGB is a mature
salt diapir in which crestal faulting is not likely to occur, similar concerns are not warranted
for this bank.

Since the Flower Garden Banks overlie a known area of shallow gas deposits in the
Pleistocene trend, which stretches for hundreds of miles along the outer edge of the
continental shelf, the area may be predisposed to blowouts. A gas blowout occurred 3,609
m (1,100 ft) from the WFGB on HIES Block A-397, on February 2, 1984, during cementing
operations on the No. 1 well location. No pollution or drill mud spillage was detected and
the semisubmersible rig was back in full operation by February 24, 1984.

In accordance with NTL 83-3 and prior to the installation of any structure or pipeline, the
grantee is required to provide MMS’s Field Operations a shallow hazards survey report on
the immediate area of the proposed activity in order to locate, identify, and assess the
potential geologic hazards and engineering constraints that may exist (USDOI, MMS,
1996b). Most structures and equipment used for mineral exploration and development can
be designed to withstand the stresses of the continental shelf environment if adequate
information is available. Studies developed under the former Bureau of Land Management’s
Environmental Studies Program have been especially directed toward areas where more
detailed geologic information was needed for intelligent management of the OCS mineral
leasing program. Additional information concerning potential geologic hazards will be
addressed on a site-specific basis for proposed activities within the 4-Mile Zone.
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e. Remote-Sensing Survey

The MMS conducted a high-resolution, sidescan-sonar survey of the high-diversity reefs
of the East and West Flower Garden Banks at depths less than 36 m (118 ft) (September 7-
12, 1997). The purpose of the survey was to obtain representative images of the coral reefs,
investigate for human-induced damage to the seafloor, and evaluate the instrument's future
usefulness to biological and geological analyses of the Flower Gardens and other Banks.
The primary instrument employed for the survey was a 600-kilohertz (kHz) Marine Sonics
side-scan sonar. The side-scan sonar uses sound waves to image the seafloor by processing
their reflected rate of return. By using a high-frequency sound source, the seafloor is
"pinged" more densely, resulting in a high-resolution image. Lower frequencies, such as the
100-kHz sonars that are more commonly used in the Gulf, result in lower resolution images
but have greater ranges. The maximum range of the 600-kHz system is 75 m to each side
of the line of travel.

Approximately 50 percent of the area contained within the 30-m isobath at both banks
was surveyed. This required approximately five hours of survey time. The presence of
mooring buoys on the banks resulted in data gaps as the vessel towing the instrument
swerved to avoid passing too close to the mooring lines.

The survey was conducted along preset tracklines spaced 0.04 nautical miles (nmi) or 74
m apart and oniented north-south. The survey area at the WFGB measured approximately
0.5 nmi (926 m) north-south and 0.2 nmi (370 m) east-west. The EFGB survey area
measured approximately 0.75 nmi (1.4 km) north-south and 0.2 nmi (370 m) east-west.
Positioning was done using a Trimble NT200D differential geopositioning system (DGPS)
with a published accuracy of £ 10 m (33 ft). In addition to providing helmsman guidance,
the DGPS also provided positioning data to the sidescan instrument, which used it to control
scroll and ping rate to maintain constant aspect ratio of the sonar. The sidescan images were
linked to the positioning data and were saved to the hard drive of a computer that formed the
operating platform of the system for post-survey analysis and image analysis and
manipulation.

The survey resulted in over 67 megabytes (MB) of data and 59 images, each representing
1,000 scan lines of data. Each saved image represented an area of the seafloor measuring
approximately 190 m (630 ft) long and 100 m (330 ft) wide. A combined total area of
approximately 1.13 km? (0.44 mi*) was imaged around both banks.

The side-scan survey resulted in detailed images of the massive hermatypic reefs and
numerous interspersed sand flats and channels that occupy the Flower Gardens (Figs. 7 and
8). These images also contain views of the NOAA/MMS long-term monitoring sites, each
measuring 100 by 100 m, their centers marked by Buoy #5 at the WFGB and Buoy #2 at the
EFGB (Figs. 9 and 10). These data could be useful in studying the geological history of the
banks, particularly in searching for evidence of relict spur and groove formations. Also of
interest were the numerous and relatively large schools of fish visible on the edges or drop-
off areas of the banks (Fig. 11). Repeated observations of schooling fish could help assess
the locations of favored habitats for schooling and help estimate fish biomass. No definite
evidence of human-induced damage to the reefs was observed during the survey, although
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Figure 7. Sidescan-sonar image of a portion of the East Flower Garden Bank showing coral
heads, a sand flat, and sand channel.
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Figure 8. Sidescan-sonar image of a portion of the West Flower Garden Bank showing coral
heads, a sand flat, and sand channel.
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Figure 9.  Sidescan-sonar image locating the West Flower Garden Bank long-term
monitoring site (100x100 m) mvestigated since 1988 by MMS/NOAA-funded
studies and general location of a known anchor-damaged portion of the reef.
(Larger arrow points to the Buoy #5 mooring coordinates, which mark the center
of the monitoring site [27°52’30.6’N, 93°48°54.1”°W]; smaller arrow points to
possible anchor-damaged area.)
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Figure 10.  Sidescan-sonar image representing the East Flower Garden Bank long-term
monitoring site (100x100 m) investigated since 1988 by MMS/NOAA-funded
studies. (Arrow points to the Buoy #2 mooring coordinates, which mark the
center of the monitoring site [27°54 31.9N, 93°35°49. 0”W] )
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Figure 11. Sidescan-sonar image exhibiting schools of fish at the southwest drop-off area
of the West Flower Garden Bank high-diversity reef (arrow points to fish).



18

this instrument should prove useful in documenting such occurrences. A known area of
damage at the WFGB is located 50 m (164 ft) southwest of Mooring Buoy #5. It was
difficult to pinpoint this anchor damage against the background "clutter" of irregular coral
formations (Fig. 9). Anchor scars do show up very clearly on smooth (mud) bottoms using
this method. It is suspected that, against this kind of background, the damage would have
to be substantial or in some way distinctive from the naturally occurring irregularities of the
coral-covered seafloor (e.g., fan-shaped chain scars or linear anchor scars).
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2. PHYSICAL OCEANOGRAPHY

Alexis Lugo-Fernandez

This section summarizes prevailing climatological and oceanographic conditions around
the Flower Garden Banks. This information was derived from past and recent observations
and does not necessarily reflect instantaneous observations at a given time or point. During
the past decade several major studies (e.g., Gulf of Mexico Physical Oceanography Program,
GulfCet, LATEX Program) have provided new insights and data on the physical
oceanography around the banks. This new information suggests that the physical
oceanography of the Flower Garden Banks last presented in USDOIL, MMS (1984) should
be updated. These data represent average conditions and ranges that could serve as valuable
background information for other disciplines. The summary is organized in three broad
categories: hydrography (temperature and salinity), water levels (tides, and storms), and
circulation. More details on hydrography, circulation, nutrients, and marine optics can be
found in Lugo-Fernandez (in review). :

a. Hydrography
Water Temperature

Solar heating is the primary control of water temperature and produces diurnal, seasonal,
vertical, and horizontal variations. Diurnal and seasonal variations are caused by the
well-known changes in solar energy distribution. The vertical and horizontal temperature
gradients arise because of the rapid absorption of solar energy, large heat capacity of water,
and depth variations. Variations at other time scales are induced by currents (e.g., upwelling
and advection) or interannual variations.

Sea surface temperature (SST) around the Flower Garden Banks displays a strong
seasonal variation that can be detected throughout the upper half of the water column. The
climatological SST varies from a minimum in February (T ~ 19-20 °C) to a maximum in
July/August (T ~ 29-30 °C). These values yield an amplitude of 9-11 °C. A climatological
SST annual amplitude (30 years of observations) is ~ 9.3 °C (Bottomley et al., 1990).
Temperature measurements near the shelf edge yield an amplitude of 10 °C (Science
Applications International Corporation, 1989). The weekly variation of local SST (11 years
of satellite data) is about 5 to 6 °C in winter and about 2 to 3 °C in summer (Gittings et al.,
1992a). Notice that the annual amplitude is larger than weekly temperature variations which
distinguish the Flower Gardens from tropical areas. Interannual variations occur and
temperatures of over 30 °C have been observed (McGrail, 1983; Science Applications
International Corporation, 1989; Gittings et al., 1992a). Shorter time variations (scales of
days to weeks) of 2 to 4 °C also have been observed (Gittings et al., 1992a; Continental Shelf
Associates, Inc., 1997). Horizontally, SST exhibits a strong cross-shelf gradient in winter,
14 °C near the coast to about 20 °C near the banks (Science Applications International
Corporation, 1989; Nowlin et al., 1998). Near the shelf edge, sharp SST gradients or fronts
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are seen in satellite images from October to May. These fronts are associated with warm
Loop Current (LC) eddies or other causes (Science Applications International Corporation,
1989). A frequency analysis shows that about 5 percent of the time eddy fronts occur near
the banks, while other types of fronts occur 20 percent of the time in the area (Science
Applications International Corporation, 1989). These data also suggest that shelf waters
leave to deeper regions through the Texas-Mexico shelf edge between 23 and 26 degrees
north. In summer, June to September, the Gulf of Mexico sea surface becomes isothermal
and the SST is near 30 °C everywhere. This condition severely limits use of satellite images
to evaluate current patterns.

Subsurface water temperature also undergoes seasonal changes but the amplitude and
timing of the variations change with depth. For example, at 30 m the minimum average
temperature is about ~1 °C cooler than the SST. Both minima occur simultaneously; the
maximum temperature at 30 m, however, is ~2-3 °C cooler than the SST and occurs later
(August or September). At 91 m, the annual temperature range is ~2 °C. The average
minimum temperature (~2 °C cooler) coincides with the surface minimum. Two temperature
maxima at 91 m of ~21 °C occur in April and November (Robinson, 1973). Two
thermographs operating since 1990 on each bank (depths of 19 and 24 m) revealed that from
1993 to 1995 (Continental Shelf Associates, Inc., 1997) the annual temperature range was
12 °C (18-30 °C) and exhibited a similar timing of seasonal change when compared to the
SST. Thus, both reefs experienced a temperature pattern similar to the SST. Deeper in the
water column, the temperature regime changes. The near-bottom temperature exhibits an
offshore gradient, with cooler water near the coast in winter. In fact, the winter temperature
distribution shows a band of warmer water (T~19 °C) near the banks. In summer, the
offshore gradient is stronger because of the strong warming near the coast, but near bottom
water temperature around the banks remains around 18 °C (McGrail, 1983). Vertical
temperature gradients separate the upper mixed layer, the thickness of which also varies
seasonally, from deeper water. Data in McGrail (1983) show a minimum thickness in April
(ca. 20 m) that increases monotonically to a maximum thickness of about 70 m in
December/January. Data from the LATEX-A program (Nowlin et al., 1998) show a mixed
layer in winter at about a 100-m depth created by surface cooling and mixing by strong
winds. In summer, a combination of heating and light winds produces a shallow mixed
layer. Another mechanism that regulates and maintains minimum water temperature around
20 °C is advection of warm water by Loop Current warm core eddies near the shelf break
(Nowlin et al., 1998).

Salinity

Sea surface salinity (SSS) also varies seasonally, vertically, and horizontally, reflecting
changes in the general circulation and river discharge. Nowlin et al. (1998) present a detailed
analysis of the seasonal salinity variation on the shelf. The primary offshore source of salty
water is the subtropical underwater mass with a characteristic salinity of over 36.2 at water
depths of 50-100 m (164-329 ft). Higher salinities or less diluted subtropical water is
advected from the core of LC warm eddies, and these interact with the shelf break near the
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banks. In spring, the mean SSS varies offshore due to the influence of river discharge in
nearshore areas. Near the shelf break SSS is over 35, but increases to over 36 near the
bottom. Summer SSS is low inshore and east of 95°W. West of this longitude, isohalines
run offshore across the entire shelf and increase toward Texas. Near the banks, SSS is
between 33 and 34, reflecting the subtropical underwater origin. Near the bottom, salinities
increase offshore up to 28.5°N. South of 28.5°N salinity remains above 36. During fall the
average SSS is relatively high near the coast, 29-30 vs. < 20 in spring, and increases offshore
to higher than 36. Bottom salinities are over 36 near the shelf break. Measurements made
at the banks by McGrail (1983) were always between 35.5 and 36.5 from surface to bottom.
More recent measurements by Gittings et al. (1992a) varied from 35 to 36.5, and one sample
from 1 m depth indicated 33.4. Elevated salinity values (37-38) reported by Continental
Shelf Associates, Inc. (1997) seem unusual.

b. Water Levels
Tides

Tides near the Flower Garden Banks are mixed diurnal (Barry A. Vittor & Associates,
1985). The diurnal K1 (luni-solar) component has a uniform amplitude and phase over the
Gulf of Mexico (Zettler and Hansen, 1972; Reid, 1988). The diurnal K1 component
represents a Helmholtz mode driven by synchronized volume transport at both entrances.
The semidiurnal M2 (principal lunar) component represents a wave with negligible
amplitude in the mid-Gulf, increasing to more than 10 cm near the coast and traveling
cyclonically (Reid, 1988). Sea-level data from the LATEX-A program (Nowlin et al., 1998)
were analyzed for tidal motions of five components: three diurnal (K1; O1 [principal lunar];
P1 [principal solar]) and two semidiurnal components (M2; S2 [principal solar]). The results
show that the diurnal components have a nearly uniform phase over the entire shelf, and K1
and O1 have amplitudes of ~15 and ~14 cm, respectively, while P1 has a smaller amplitude
of ~5 cm. Results for the diurnal components contain some bias by contributions from wind
and solar heating diurnal motions on this shelf. Results for the semidiurnal components
show cyclonic propagation and amplitude magnification at mid-shelf. The M2 component
amplitude is about four times the S2 amplitudes over mid-shelf. The Conrad Blucher
Institute, Division of Coastal Observations, Corpus Christi, maintains a water level station
at the Flower Garden Banks (Flower Garden Station 028) as part of its Texas Coastal Ocean
Observation Network (TCOON). The raw water level data from January 1995 to January
1997 show an annual cycle that peaks in September-October and decreases to a minimum
in January-February, and an annual variation of the tidal range (Fig. 12). The raw data also
suggest a second but lower peak in summer. Monthly mean water levels from Galveston
(Pier 21) show the annual cycle with a clear maximum in September-October and minimum
in January-February, and a suggestion of the secondary maximum in April-May (Hicks et
al.,, 1983). Further analysis of the raw water level data at the Flower Gardens shows a typical
mixed diurnal tidal cycle, two big lows and a smaller low in between over a 24-hour period,
and tidal ranges that vary over the year from 0.1 m to 0.7 m. Comparison of the annual air
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temperature and water levels at the banks suggests that the annual cycle probably includes
effects of thermal expansion/contraction of the water column.

¢. Circulation

Cochrane and Kelly (1986) proposed a mean circulation for the Louisiana-Texas
(LATEX) shelf consisting of cyclonic non-summer (September-May) flow and anticyclonic
summer (June-August) flow. The cyclonic cell consists of downcoast (Louisiana to Texas)
nearshore flow and upcoast flow near the shelf break. In summer, the nearshore flow
reverses, but the shelf edge current continues upcoast. The Flower Garden Banks are found
near the edge of the LATEX shelf, which places them within the year-round upcoast mean
flow. All processes affecting the shelf edge’s current variability and transport also affect the
banks (Fig. 13). Thus, it is important to understand these processes to make informed
management decisions affecting the Flower Gardens.

A series of moorings set from the inner shelf to the upper slope at 94°W (Science
Applications International Corporation, 1989) revealed a mean current pattern and agrees
with Cochrane and Kelly’s model. While agreeing with the proposed mean-shelf circulation
at seasonal time scales, the dataset is not large enough to demonstrate statistical significance.
In the outer shelf and upper slope, currents above 100 m were easterly at 1-8 cm/s. Below
100 m the flow was westerly at 3-6 cm/s. A surprising result was the predominant offshore
flow at all depths on the outer shelf and upper slope. These data provide no clear evidence
of influence from deepwater processes in the region. However, the salinity values suggest
oceanic influence at the shelf break (Nowlin et al., 1998). The temperature information also
suggests that LC eddies interact with the shelf edge by advectmg warm water onto the outer
shelf (Nowlin et al., 1998).

Thirty months of current data and several hydrographic cruises on the LATEX shelf from
the mouth of the Rio Grande River to the Mississippi Delta (Nowlin et al., 1998) provide the
most comprehensive and recent circulation data on this area. As can be seen from the mean
current patterns, stream function analysis, and current kinetic energy changes, the shelf is
divided into inner and outer provinces by the 50-m isobath. At the Flower Gardens, the
average alongshore current at 10 m is mostly upcoast at 10 cm/s, but decreases with depth
to + 3.5 cm/s near the bottom. Average cross-shelf currents near the shelf edge vary + 1
cm/s. At annual time scales, the 10-m alongshore currents are directed upcoast in summer
but experience reversals in non-summer periods. Near the bottom these currents decrease
to+3 cnv/s. The cross-shelf currents show no discernible patterns at annual time scales, but
decrease from = 6 cm/s at 10 m to + 1 cm/s near the bottom. Cross-shelf currents exhibited
the greatest variability near Texas, suggesting the influence of LC eddies near the shelf edge.
The findings of this program can be summarized as: (1) large interannual and intraseasonal
variability of the currents exists; (2) a net mean eastward current at the shelf edge is caused
by eddies; and (3) cross-isobath currents are frequent and strong (Fig. 14).

These findings confirm the results of Oey (1995), which suggested from a numerical
model output that the shelf edge current is driven by the LC intrusions and resulting patterns
of convergences and divergences, and LC eddies. The wind effect on this current is through
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Figure 13. Mean surface geopotential relative to 200 db showing the nonsummer and
summer circulation pattern in the Louisiana-Texas Shelf. Arrows represent 10-m
average currents for nonsummer (September-May) and summer (June-August)
during April 1992 through November 1994 (from Nowlin et al., 1998).
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the seasonally modulated wind stress curl. This shelf-edge current, while agreeing with
Cochrane and Kelly’s model, is not part of a cyclonic cell, but results from interactions
between LC eddies and shelf break.

Mass transport is a very important quantity. The alongshore transport across a box
containing the banks averages about 0.4 Sv (1 Sv = 10° m*/s) in summer and decreases to
about 0.2 Sv in non-summer; the record mean transport is less than 0.1 Sv. Cross-shelf
transports are 0.2 Sv in summer, 0.1 Sv in non-summer, and 0.1 Sv for the record mean
(Bender and Reid, submitted). These transport values agree with the results of Oey (1995).

The above information has shown that LC eddies interact with and drive the shelf-edge
current. The Science Applications International Corporation’s . (1989) systematic
observations of LC eddies in the Gulf of Mexico revealed cyclones or cold water eddies of
100 km in diameter in the northern slope (water depths of 200-2,000 m) of the Gulf as well.
The large LC warm eddies (Fig. 15) are shed every 11 months on average (Vukovich, 1995)
and travel in a southwest direction. Recent observations (Berger et al., 1996) document the
existence of an active slope field of warm and cold eddies spanning a wide range of scales.
The 100-km cyclones move up and down the slope, depending on what side of a large LC
anticyclone they happen to be. Besides large anticyclones and cyclones, smaller eddies
(cyclones and anticyclones) of scales of an order 30-50 km diameter commonly reside on this
slope (Fig. 16). The interaction of counter-rotating eddies appears to be the dominant
mechanism for water exchange between the shelf and upper slope. The smaller eddies can
mask the effects of larger eddies on the shelf edge currents at subtidal frequencies.

Sahl et al. (1993) discussed hydrographic and nutrient data to show that the along-shelf
current at the shelf break can induce Ekman bottom upwelling, creating high nutrient
concentrations in near-surface waters. Onshore flux of warm-eddy water that contains low
concentrations of particles brings fewer materials across the shelf edge. Offshore flux by
cyclones and counter-rotating eddies creates large particle fluxes because the shelf waters are
particle rich. Exchange of nutrients by cross-shelf transport may not be affected (Sahl et al.,
1997) because most transport occurs near the surface where nutrient concentrations are low;
deeper in the water column, most transport is along isobaths even though nutrient
concentrations are higher. The cyclone-anticyclone pair (Fig. 17) affects productivity in the
upper slope by two mechanisms: raising cold, nutrient rich water to the photic zone and
removing nutrient rich water from the shelf (Fargion et al., 1996). Thus, eddies are not only
the main driving forces of currents at the shelf break, but they also affect watermass
properties, heat, and particle transport. The results also show that shelf-edge currents are not
seasonal but are intermittent over time scales of weeks (Berger et al., 1996).

Tidally driven currents have been analyzed in detail by the LATEX-A program using an
extensive mooring array that provides current data over the entire shelf (Nowlin et al., 1998).
The data show that, near the Flower Garden Banks, the tides contribute ~10 percent of the
current energy available in the 8- to 40-hr periods. The root-mean-squared current amplitude
of all tidal constituents analyzed near the banks is only about 3 cm/s. The greatest tidal
current is the K1 component and near the banks it equals the O1 component with a current
amplitude of nearly 1-2 cm/s. The tidal currents exhibit strong vertical shear and rotate
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Figure 15. Topography of the 20 °C isobath based on LATEX C data for Eddy V. Arrows
near the center are daily mean currents derived from Drifter 02447. Solid
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Measurements. From Berger et al. (1996).
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Figure 17.

Topography of the 20 °C isotherm based on LATEX C data of December 1993
showing strong currents between cyclone C5 and eddy X are very strong.
Arrows are daily mean current from Sculp Drifters 20444, 20465, 20469, and
20529 from December 15, 1993; and from LATEX Drifters 07838 and 07843
starting on December 20, 1993. Solid and dashed arrows from the squares
represent daily low-passed current averages at 12 and 100 crosses represent
25-100.smoothed AXCP current progiles. (from Berger et al., 1996).
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clockwise. In the semidiurnal band, M2 dominated the currents. Near the banks, the
amplitude of this component is again 1-2 cm/s and vertically sheared. The tidal currents at
the semidiurnal period rotate clockwise. The main difference compared with the diurnal
components is that current phases change across the shelf, the western sites lagging those on
the eastern. This lag is expected because the semidiurnal wave moves counterclockwise in
the Gulf of Mexico. Estimates of tidal currents through the year at the banks range from 1

to 5 cm/s for the M2 component. Currents of K1 are from 2 to 5 cm/s with a high of 9 cm/s

(McGrail, 1983).

Aside from the tidal currents on the LATEX shelf, inertial motions with periods close to
the diurnal components were observed (Chen et al., 1996; Nowlin et al., 1998). These
iertial motions had periods in the band of 22-28 hours, rotated clockwise, persisted for 3-5
days, and had amplitudes of 20-30 cm/s (Chen et al.,, 1996). The amplitudes of inertial
oscillations decayed with depth and their vertical phase differences depended on the column
stratification (McGrail, 1983). These motions achieved their maximum amplitudes at the
shelf edge and decayed both onshore and offshore. Chen et al. (1996) interpreted these
motions as caused by diurnal variations of the wind stress, but this result was based on only
eight months. of data. Using the 30-month current data from LATEX, Nowlin et al. (1998)
found that in summer these motions were clockwise and had a period approaching 24 hours,
and ascribed them to diurnal heating and cooling cycles. They also concluded that, in the
non-summer. period, the mechanism suggested by Chen et al. (1996) was still valid.
Summarizing, the inertial motions in the LATEX shelf are caused by wind stress variations
in non-summer periods and by diurnal heating in summer.

In July 1979, Hurricane Bob and Tropical Storms Claudette and Elena affected the
Flower Garden Banks (McGrail, 1983). Hurricane Bob, which passed about 200 km
southeast of the banks, induced a reversal of the easterly surface flow to a westerly flow at
the banks. It also induced strong, inertial oscillations plus strong (> 20 cm/s) near-bottom
currents. Tropical Storm Claudette passed over the banks, but before it reached them it
created currents to the southeast at a depth of approximately 60 m, rotating in a
counterclockwise fashion, and increasing in speed. As it passed, the current rotated,
strengthened to the northwest, and accelerated to over 60 cm/s. Currents at lower levels
rotated initially, then during the storm crossover pulsed northeast at > 20 cnv/s, reversed
afterwards, and decayed. Inertial oscillations of 10 cm/s amplitude were observed (McGrail,
1983; Bright et al.,, 1985). More recently, Hurricane Andrew crossed the LATEX shelf
between 90° and 92°W (Nowlin et al., 1998). These cyclones reversed the surface flow to
downcoast with speeds of near 30 cn/s at the shelf break. The SST was observed to decrease
1-2 °C at various points on the shelf (Breaker et al., 1994). Wave orbital velocities (motions
of water parcels beneath waves) from storm-induced surface waves can induce significant
motions near the banks (McGrail, 1983).

The vertical and horizontal dimensions of the Flower Garden Banks are such that
orographic effects on the currents need to be considered. Present understanding and theory
of orography show that flow around the banks diverges laterally with small vertical
displacements (~ 10 m) at the point of divergence. These effects are caused by rotation,
friction, and water column stratification. At the lee side, the data suggest the presence of
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waves and vertical displacement of the isotherms. The upper column isotherms are
depressed, while the near-bottom isopleths rise when compared with upstream conditions.
These effects have biological implications for the reef community. With deep water not
rising over the banks, reef organisms are mostly immersed in clear, warm water year-round
and are subjected to patterns that resemble near-surface conditions (McGrail, 1983).
Episodes of discolored waters at the Flower Gardens are mostly limited to the summer period
(frequently in July) when short-lived algal blooms (e.g., Trichodesmium) occur over and
around the banks (Capt. Gary Rinn, Rinn Boats, Inc., pers. comm., 1997). Green
discolorations at the Flower Gardens have on occasion been associated with sudden brief
spells of cooler waters (e.g., temperature drops from 29 to 24 °C). Trichodesmium blooms
usually occur when seawater temperature is at 28-29 °C and precede the August-September
temperature peak. ‘ ‘
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3. METEOROLOGY
Terry L. Scholten and Kenneth J.P. Deslarzes

The Gulf of Mexico is influenced by a maritime subtropical climate controlled mainly
by the clockwise circulation around the semipermanent area of high barometric pressure
commonly known as the Bermuda High. The Gulf of Mexico is located to the southwest of
this center of circulation. This proximity to the high-pressure system results in a
predominantly southeasterly flow in the western Gulf of Mexico region. Two important
classes of cyclonic storms are occasionally superimposed on this circulation pattern. During
the winter months, December through March, the northern Gulf Coast area can experience
low temperatures following the passage of cold fronts associated with cold and dry
continental air masses, also locally known as “northers.”

From 1957 to the mid-1980’s, a decrease in average and minimum winter temperature
in the northern Gulf area corresponded to a shift in the position of the Jet Stream over North
America (e.g., Slowey and Crowley, 1995). A north-south displacement as opposed to a
west-east displacement of the Jet Stream over North America during winter months
consistently allowed for dry Arctic air to flow over the northern Gulf area, causing unusual
coastal winter conditions (more frequent atmospheric fronts, record air temperature minima,
and stronger surface winds) (e.g., Slowey and Crowley, 1995). Coincident with this post-
1957 shift of the Pacific/North America pattern, there was a 20 percent decrease in the rate
of upward growth of the coral Montastraea faveolata at the Flower Gardens (Hudson and
Robbin, 1980). It is likely that massive corals at the Flower Gardens, such as M. faveolata,
exhibit growth patterns and contain chemical signatures useful to elucidate past and future
long-term regional climate trends. The interaction between the El Nifio Southern Oscillation
and the shift of the atmospheric circulation described above (also known as the Pacific/North
American atmospheric circulation pattern) has yet to be fully investigated.

Tropical cyclones may develop or migrate into the Gulf of Mexico during the warmer
months. These storms may affect any area of the Gulf of Mexico and substantially alter the
local wind circulation. In their absence, the sea breeze effect becomes the primary coastal
circulation feature during the summer months of May through October.

a. Pressure, Temperature, and Relative Humidity

The western extension of the Bermuda High dominates the circulation throughout the
year, weakening in the winter and strengthening in the summer. The average monthly
pressure shows a west-east gradient along the northern Gulf during the summer. In the
winter, the monthly pressure is more uniform along the northern Gulf. The minimum
average monthly pressure occurs during the summer. The maximum pressure occurs during
the winter as a result of the presence and influence of denser transitional continental cold air.

Average air temperatures at coastal locations vary with latitude and exposure. Average
coastal temperatures ranged from 24.7 to 28.0 °C in the summer and from 2.1 to 21.7 °C in
the winter. Winter temperatures depend on the frequency and intensity of penetration by
polar air masses from the north. Air temperatures over the open Gulf exhibit narrower limits
of variations on a daily and seasonal basis due to the moderating effect of the large body of
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water. The average temperature over the center of the Gulf is about 29 °C in the summer and
between 17 and 23 °C in the winter. :

The relative humidity over the Gulf is high throughout the year. Humidity minima occur
during the late fall and winter when cold continental air masses bring dry air into the
northern Gulf Humidity maxima occur during the spring and summer when prevalhng
southerly winds bring in warm, moist air.

b. Visibility and Cloudiness

Fog occurrence decreases seaward, but sea or frontal fog can reduce visibility at the
Flower Gardens to less than 800 m (2,625 ft). Particularly dense sea fogs may persist for
several days. The poorest visibility conditions occur during winter and early spring. The
period from November to April has the lowest visibility. Industrial pollution and agricultural
burning also impact visibility. On the South Texas coast, fog reduces visibility to less than
1 km on an average of 28 days/yr; dense fog in Galveston reduces visibility to 600 m about
16 days/yr; and Port Arthur has an average of 42 days/yr with visibility less than 600 m
(USDOI, MMS, 1988). The duration and frequency of fog at the Flower Gardens are
unknown.

On a yearly average, four- to six-tenths of the sky in the northern Gulf is obscured by
cloud cover. October is usually the most cloud-free month and December through March
the cloudiest. The clouds in the winter season are mostly widespread stratus-type clouds,
while summer clouds are cumulus type (USDOI, MMS, 1988).

Insolation (Photosynthetically Active Radiation, umol m? day™) on Flower Gardens
coral reefs, as measured from 1995 to 1997, was highest from August to September (40-50
umol m? day™). The rest of the time, irradiance levels varied from 2 to 50 umol m™ day™
(Continental Shelf Associates, Inc., 1997; Dokken et al., in prep). December through
February and mid-June to mid-July were the periods with lowest light levels. The summer
low light levels were associated with algal blooms and turbid waters (Capt. Gary Rinn, Rinn
Boats, Inc., pers. comm., 1997; Hagman et al., submitted). Photographic transects taken at
the Flower Gardens by Gittings et al. (1992a, 1992b) using identical film and camera settings
revealed significant differences in the color intensity displayed by coral colonies when winter
and summer photographic datasets were compared. This may be indicative of an adaptation
by the coral endosymbionts to seasonal light levels. Coincidentally, the growth of corals at
the Flower Gardens is at its peak during the winter (Deslarzes, 1992), which may reflect
enhanced calcium carbonate accretion induced by an increase in the density of
endosymbionts in the coral animal tissue.

c. Wind

Winds are more variable near the coast than over open waters because coastal winds are
more directly influenced by the moving cyclonic storms that are characteristic of the
continent and because of differential heating by sea and land. The Azores-Bermuda
atmospheric high pressure cell dominates circulation over the Gulf, particularly during the
spring and summer. In late summer there is a general northward shift of the circulation, and
the Gulf becomes more directly influenced by the equatorial low-pressure cell. During the
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relatively constant summer conditions, the southerly locations of the Azores-Bermuda cell
generate predominantly southeasterly winds, which become more southerly in the northern
Gulf. Winter winds usually blow from easterly directions with fewer southerlies and more
northerlies. Winds from the west and southwest are rare at anytime during the year. During
the spring and summer months the predominantly southeasterly offshore average wind speed
ranges from 7 to 12 kn (1990-1993; National Data Buoy Center/NOAA). Average winter
wind speed ranges from 13 to 14 kn (1990-1993; National Data Buoy Center/NOAA).
Maximum winter wind speed can reach 42 kn (e.g., March 1993; National Data Buoy
Center/NOAA). Winds may be calm during any time of the year, but they can also reach as
high as 305 km/hr (190 mph) during hurricanes (e.g., Hurricane Camille in 1969).

d. Precipitation

Oceanic precipitation over the Texas-Louisiana shelf is relatively frequent and abundant
throughout the year but does show distinct seasonal variation. The highest precipitation (as
much as 42 cm/season; typically 15-35 cm/mo) over the LATEX shelf occurs during spring
and summer (Etter, 1996). The fall and winter months usually have 2-10 cm/mo of oceanic
precipitation (~ 22 cm/season). These precipitation data were acquired by satellite methods
(Etter, 1996). The warmer months usually have convective cloud systems that produce
showers and thunderstorms; however, these thunderstorms rarely cause any damage or have
attendant hail. The month of maximum rainfall for most locations is July. Winter rains are
usually associated with the frequent passage of frontal systems through the area. Rainfalls
are generally slow, steady, and continuous, often lasting several days. Incidence of frozen
precipitation decreases with distance offshore and rapidly reaches zero.

e. Severe Weather

The Gulf of Mexico is part of the Atlantic tropical cyclone basin. Tropical cyclones
generally occur in summer and fall seasons; however, the Gulf also experiences winter
storms or extratropical storms. These winter storms generally originate in middle and high
latitudes. The Gulf is an area of cyclone development during cooler months due to the
contrast of the warm air over the Gulf and the cold continental air over North America.
Cyclogenesis, or the formation of extratropical cyclones, in the Gulf of Mexico is associated
with frontal overrunning (Hsu, 1992). The most severe extratropical storms in the Gulf
originate when a cold front encounters the subtropical jetstream over the warm waters of the
Gulf. An analysis of 100-year data of extratropical cyclones revealed that most activity
occurs above 25°N in the western Gulf of Mexico. The mean number of these storms ranges
from 0.9 per year near the southern tip of Florida to 4.2 per year over central Louisiana
(USDOIL, MMS, 1988). Extratropical cyclones, which may vary greatly in intensity, occur
primarily during the winter months.

The frequency of cold fronts in the coastal Gulf exhibits similar patterns during the 4-
month period of December through March. During this time, the area of frontal influence
reaches 10 °N. Frontal frequency is about nine fronts per month in February (1 front every
3 days on the average) and about seven fronts per month in March (1 front every 4-5 days
on the average). By May, the frequency decreases to about four fronts per month (1 front
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every 7-8 days) and the region of frontal influence retreats to about 15 °N. During June-
August, frontal activity decreases to almost zero and fronts seldom reach below 25 °N
(USDOI, MMS, 1988).

The largest and most destructive storms aﬂ‘ectmg the Gulf of Mexico and adjacent coastal
zones are tropical cyclones that have their origin over the warm tropical waters of the central
Atlantic Ocean, Caribbean Sea, or southeastern Gulf of Mexico. Tropical cyclones occur
most frequently between June and late October, and there is a high probability that they will
cause damage in the Gulf each year.

Forty-two years of data indicate that there are about 9.9 storms per year with about 5.5
of those becoming major hurricanes (Category 4 and Category 5) in the Atlantic Ocean.
Data from 1886 to 1986 show that 44.5 percent of all these storms, or 3.7 storms per year,
have affected the Gulf of Mexico (USDOL, MMS, 1988). From 1899 to 1996, 99 hurricanes
and 96 tropical storms occurred within the northern Gulf of Mexico, Central and Western
Planning Areas (area north of 25°N and west of 85°W). Approximately 50 percent of the
hurricanes were of Category 1 intensity (Saffir-Simpson scale), 6 percent were Category 5
hurricanes, and the remainder were Category 2 (13.1%), 3 (17.2%), and 4 (15.2%)
hurricanes. Sustained winds for major hurricanes (Saffir-Simpson Category 3 and above)
are higher than 49 m/sec (109.6 mph). Hurricane wind intensity ranged from 70 to 165 kn
(128-306 k;m/h), and the associated surge ranged from 1 to over 6 m (3 to >19 ft). Tropical
storm winds ranged from 35 to 60 kn (64-111 knmv/h) (Vietor, 1997). Category 4 and 5
hurricanes that probably caused the most severe weather at the Flower Gardens since 1899,
in terms of wind speed and surge, occurred in 1900, 1909, 1915, 1957, 1961, 1964, 1974,
1979, and 1980. All were Category 4 storms, except those of 1961 and 1980, which were
Category 5.

There is a high probability that tropical storms will cause damage to physical, economic,
biological, and social systems in the Gulf. Tropical storms also affect OCS operations and
activities; platform design needs to consider the storm surge, waves, and currents generated
by tropical storms. Most of the damage is caused by storm surge, waves, and high winds.
Storm surge depends on local factors, such as bottom topography and coastline
configuration, and storm intensity. Water depth and storm intensity control wave height
during hurricane conditions. The passage of a hurricane in the vicinity of the Flower
Gardens may cause reef damage due to severe surge as witnessed in 1980 following
Hurricane Allen. Hurricane track records show that on August 8 and 9, Hurricane Allen was
closest to the Flower Gardens (~ 250 km away) and was at one of its Category 5 peaks. (155
mph winds, >18 ft surge). At least one boulder-sized coral head (estimated weight 2 tons)
at the East Flower Garden Bank was displaced several tens of meters away from its original
location by the hurricane-generated surge (Mr. Christopher L. Combs, pers. comm., 1989).
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4. BIOLOGICAL RESOURCES
Kenneth J.P. Deslarzes and Dagmar C. Fertl

a. Pelagic Environment

The pelagic offshore water column biota contains primary producers (phytoplankton and
bacteria), secondary producers (zooplankton), and consumers (larger marine species
including fish, sea turtles, cephalopods, crustaceans, and cetaceans). Planktonic primary
producers drift with currents. Zooplankters drift with currents as well but are also motile.
The species diversity, standing crop, and primary productivity of offshore phytoplankton are
known to fluctuate much less than their coastal counterparts, as the offshore phytoplankton
are less subject to changes of salinity, nutrient availability, vertical mixing, and zooplankton
predation. Yet, significant water column discolorations (algal blooms) are known to occur
annually at the Flower Gardens, mostly in July (Capt. Gary Rinn, Rinn Boats Inc., pers.
comm., 1997). A permanent record of the recurrence of changes in primary productivity
rates at the Flower Gardens may be found in coral colonies. Recurrent, highly fluorescing
bands incorporated in coral skeleton attest to the repeated availability of unusually elevated
levels of dissolved organic matter in the water column (Deslarzes, 1992). Aside from green
discolorations, blooms of the cyanobacterium 7richodesmium have regularly been observed
in July giving the sea surface a brownish appearance. During this same time period, the
water column has also contained aggregates of organic/particulate matter known to Flower
Gardens divers as “seasnot” (Capt. Gary Rinn, Rinn Boats Inc., pers. comm., 1997). These
seawater conditions usually coincide with calm seas, low winds, and elevated seawater
temperature (>29 °C). Light measurements at the Flower Gardens collected during the
NOAA/MMS-funded monitoring of the high-diversity reefs since August 1995 indicate
lowered levels on incident light from late June to mid-July both in 1996 and 1997
(Continental Shelf Associates, Inc., 1997; Dokken et al., in prep.). Potential influences on
nutrient fluxes on the outer shelf are the freshwater river runoff (discharges of the
Atchafalaya-Mississippi Rivers and of 13 rivers west of the Atchafalaya River; Nowlin et
al., 1998) (Atchafalaya-Mississippi Rivers mean discharge: 9,000-32,000 m*/s™) January to
August; peak in April >30,000 m® s), deep Gulf upwelled waters, cold ring waters, and shelf
water squirted offshore (convergence of warm and cold rings creating a jet that forces water
offshore) (Fargion et al., 1996; Murray and Donley [eds.], 1996; Nowlin et al., 1998).
Although these interpretations are useful for this general description, they have yet to be
corroborated by rigorous studies that better characterize the mechanisms by which primary
production is enhanced, as well as the seasonality and abundance of primary and secondary
producers at the banks.

Zooplankton at the Flower Gardens is typically more abundant during the winter months.
The zooplankton consists of holoplankton (organisms for which all life stages are spent in
the water column, including protozoans, gelatinous zooplankton, copepods, chaetognaths,
polychaetes, and euphausids) and meroplankton (mostly invertebrate and vertebrate
organisms for which larval stages are spent in the water column, including corals,
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polychaetes, echinoderms, gastropods, bivalves, and fish larvae and eggs). Shelf phyto- and
zooplankton are more abundant, more productive, and seasonally more variable than the deep
Gulf plankton. These are related to salinity changes, greater nutrient availability, increased
vertical mixing, and different zooplankton predation in the shelf environment. In general,
the diversity of pelagic planktonic species increases with increased salinity, and biomass
decreases with distance from shore. The geographical and vertical ranges of plankters and
consumers are limited by temperature, salinity, and nutrient availability.

There are over 175 tropical reef fish species that reside within the high-diversity zone at
the Flower Gardens (Dennis and Bright, 1988; Pattengill, in prep.). A recent study of fish
populations at the Flower Garden Banks and at the HIES Block A-389 platform found mid-
water pelagics (carangids and scombrids) to be most abundant around the artificial substrate
(>50%), and reef-dependent species to dominate on the banks (99%).

Abundant organisms of the neuston (organisms living at the air-seawater interface) are
copepods, windrows of floating Sargassum, and the many organisms associated with the
Sargassum (up to 100 animal species including hydroids, copepods, fish, crabs, gastropods,
polychaetes, bryozoans, barnacles, anemones, and sea-spiders). Sargassum windrows are
also temporary refuges and sources of food for hatchling sea turtles in the Gulf as they drift
with these floating ecosystems, spending their “lost years” (Carr, 1987). Two 10-12 cm
loggerhead (Caretta caretta) hatchlings were seen in 1996 in a Sargassum windrow at the
Flower Gardens (Ms. Emma Hickerson, TAMU-Biology, pers. comm., 1997).

b. The Benthos

The benthos of the Flower Gardens has both floral and faunal components; floral
representatives include bacteria and algae (80 species). In the frequently clear waters at the
Flower Gardens, benthic algae, especially coralline red algae, are known to grow in water
depths to at least 100 m (Rezak et al., 1983). Benthic fauna (21 reef coral species; 250+
invertebrate species) include infauna (animals that live in the substrate, including mostly
burrowing sponges, worms, crustaceans, and mollusks) and epifauna (animals that live on
or are attached to the substrate, including crustaceans, echinoderms, mollusks, hydroids,
sponges, bryozoans, soft and hard corals) (Bright and Pequegnat [eds.], 1974; Bright et al,,
1983 and 1984; Rezak et al., 1985).

Bright and Pequegnat (eds.) (1974) and Rezak et al. (1983 and 1985) identified seven
biotic zones at the Flower Gardens. Both banks exhibit nearly identical depth-related biotic
zonation. The biotic zonation of the two banks is shown in Figures 18 and 19. Figure 20
depicts the general biotic zonation of the banks in relationship to depth. The benthic
organisms on these topographic features are mainly limited by temperature and light, as well
as a turbid nepheloid layer surrounding the banks. Extreme water temperature and light
intensity are known to stress corals. Temperatures lower than 16 °C reduce coral growth,
while temperatures in excess of 30 °C will impede coral growth and induce coral bleaching
(loss of symbiotic zooxanthellae). Though intertidal corals are adapted to high light
intensity, most corals become stressed when exposed to unusually high light levels.
Furthermore, although corals will grow or survive under low light level conditions, they do
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best while submerged in clear, nutrient-poor waters. Horizontal Secchi disk water
transparency over the coral reef at the Flower Gardens has been estimated at 46 m during the
summer, and water temperature at 18-23 m was found to range from 19 to 30 °C, from 1990
to 1997 (Hagman et al., submitted). |

c. Seven Biotic Zones at the Flower Gardens
Zones of Major Reef Building and Primary Production
Diploria-Montastraea-Porites Zone (water depth: <36 m)

This zone is characterized by 18 hermatypic coral species. The dominant species of the
zone in order of dominance are Montastraea franksi, Diploria strigosa, Montastraea
cavernosa, Colpophyllia spp., and Porifes asteroides. Coralline algae are abundant, adding
substantial amounts of calcium carbonate to the substrate. Leafy algae are usually sparse,
probably due to grazing. Typical sport and commercial fish include grouper, hind,
amberjack, barracuda, cottonwick, porgy, and creole-fish. Coral cover in this zone is
estimated at 46 percent (Gittings et al., 1992a and 1992b).

Madracis Zone and Leafy Algae Zone (water depth: 28-46 m)

The Madracis Zone occurs intermittently along the periphery of the main reefal structure
and is dominated by the small branching coral Madracis mirabilis, which produces large
amounts of carbonate rubble and sediment. In places, large (possibly ephemeral) populations
of leafy algae dominate the Madracis gravel substratum (Leafy Algae Zone). The Madracis
Zone may have a successional relationship with the Diploria-Montastraea-Porites Zone.
Madracis colony remains build up the substrate and allow the successional species to grow.

Stephanocoenia-Millepora Zone (water depth: 36-52 m)

The Stephanocoenia-Millepora Zone is inhabited by a low-diversity coral assemblage
of 12 hermatypic corals. The eight most conspicuous species in order of dominance are
Stephanocoenia michelini, Millepora alcicornis, Montastraea cavernosa, Colpophyllia spp.,
Diploria strigosa, Agaricia agaricites, Mussa angulosa, and Scolymia sp. The assemblages
associated with this zone are not well known. Coralline algae are most conspicuous in this
zone. Reef fish populations are less diverse. The spiny oyster (Spondylus americanus) is
frequently observed. :

Algal-Sponge Zone (water depth: 46-88 m)
The Algal-Sponge Zone covers the largest area among the reef-building zones. The

dominant organisms of the zone are the coralline algae, which are the most important
carbonate producers, forming both pavements on the substrate and algal nodules. The algae
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nodules range from 1 to 25 cm in size, cover 50-80 percent of the bottom in places, and
generally occur between a depth of 55 and 85 m. The habitat created by the algae nodules
supports communities that are probably as diverse as the coral-reef communities. Leafy
algae also occur in this zone and contribute large amounts of food to the surrounding
communities. Calcareous green algae (Halimeda and Udotea) and several species of
hermatypic corals are major contributors to the substrate. Deepwater alcyonarians are
abundant in the lower Algal-Sponge Zone. Sponges, especially Neofibularia nolitangere,
are conspicuous. Echinoderms are abundant and also add to the carbonate substrate. Small
gastropods and pelecypods are also abundant. Gastropod shells are known to form the center
of some of the algal nodules. Characteristic fish of the zone are yellowtail reef fish, sand
tilefish, cherubfish, and orangeback bass.

Partly drowned reefs are a major biotope of the Algal-Sponge Zone. They are defined
as those reefal structures covered with living crusts of coralline algae with occasional heads
of hermatypic corals. In addition to the organisms typical of the Algal-Sponge Zone, the
partly drowned reefs are also inhabited by large anemones, large comatulid crinoids, basket
stars, limited crusts of Millepora, and infrequent small colonies of other hermatypic species.
The relief and habitat provided by the carbonate structures also attract a variety of fish
species, especially yellow tail reef fish and blue and queen angelfish.

Transitional Zone of Minor to Negligible Reef Building
Antipatharian Zone (water depth: 52-90 m)

This transitional zone is not distinct but blends in with the lower Algal-Sponge Zone.
It is characterized by an abundance of antipatharian whips growing with the Algal-Sponge
assemblage. With increased water depth, the assemblages of the zone become less diverse,
characterized by antipatharians, comatulid crinoids, few leafy or coralline algae, and limited
fish (yellowtail reef fish, queen angelfish, blue angelfish, and spotfin hogfish). Again, the
depth of this zone varies at the various banks but extends generally to 90 m.

Zone of No Reef Building
Nepheloid Zone (water depth: 90-130 m)

High turbidity, sedimentation, and resuspension occur in this zone. Rocks or drowned
reefs are often thinly covered by sediment. Epifauna are scarce. The most noticeable are
comatulid crinoids, octocoral whips and fans, antipatharians, encrusting sponges, and solitary
ahermatypic corals. The fish fauna is different and less diverse than that of the coral reefs
or partly drowned reefs. Fish species include red snapper, Spanish flag, snowy grouper, bank
butterflyfish, scorpionfishes, tuttler and roughtongue bass.
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d. Threatened Species

Federally designated threatened species that have been observed within the 4-Mile Zone
at the Flower Gardens include the loggerhead (C. caretta), the hawksbill (Eretmochelys
imbricata), and the leatherback sea turtles (Dermochelys coriacea) (Dr. Stephen Gittings,
NOAA/NOS/SRD, pers. comm., 1997). Sea turtles spend nearly all of their lives in the
water. The females must emerge periodically from the ocean to nest on beaches. Sea turtles
are long-lived, slow reproducing organisms. It is generally believed that all sea turtle species
spend the first few years of their lives in pelagic waters, and can occur in windrow
aggregates of floating particles and Sargassum algae where they find refuge and food (Carr,
1986, 1987). Adult turtles in the Gulf are apparently less abundant in the deeper waters of
the Gulf of Mexico than in waters less than 27-50 m (89-164 ft) deep (NRC, 1990).

The leatherback is the largest of the sea turtles, with an average curved carapace length
for adult turtles of 155 cm (5 ft) and weight ranging from 200 to 700 kg (441-1,543 Ib)
(USDOC, NMFS, 1992). This species is also the most pelagic and most wide-ranging of sea
turtles, undertaking extensive migrations following depth contours for hundreds, even
thousands, of kilometers (Morreale et al., 1996). Leatherback nesting is concentrated on
coarse-grain beaches in tropical latitudes (Pritchard, 1971), though there are rare occurrences
on the Panhandle and Flagler County coasts in Florida (Ogren et al., 1989). Leatherbacks
have unique, deep diving abilities (Eckert et al., 1986), a specialized jellyfish diet
(Brongersma, 1972), and unique physiological properties that distinguish them from other
sea turtles (Lutcavage et al., 1990; Paladino et al,, 1990). Leatherbacks were the most
abundant turtle sighted during the GulfCet study (Davis and Fargion [eds.], 1996); though
sighted throughout the study area, concentrations were found from Mississippi Canyon east
to DeSoto Canyon. :

The hawksbill is a small to medium-sized sea turtle. Nesting females average about 87
cm in curved carapace length and can weigh up to 80 kg (176 Ib) in the Caribbean (USDOC,
NMFS, 1993a). This turtle is a solitary nester. The six-month nesting season of the
hawksbill is longer than that of other sea turtles; nesting occurs between July and October
(USDOC, NMFS, 1993a). Nesting within the southeastern United States occurs principally
in Puerto Rico and the U.S. Virgin Islands. Within the continental U.S., nesting is restricted
to the southeast coast of Florida and the Florida Keys. Post-hatchlings occupy the pelagic
environment, taking shelter in weedlines. Hawksbill turtles are generally associated with
coral reefs or other hard substrate areas, where they forage primarily on sponges (Carr and
Stancyk, 1975; Meylan, 1988). This species feeds in the photic zone and prefers warm
water. The hawksbill occurs in tropical and subtropical seas of the Atlantic, Pacific, and
Indian Oceans. The species is widely distributed in the Caribbean Sea and western Atlantic
Ocean, with representatives of at least some life history stages occurring along southern
Florida and the northern Gulf of Mexico (especially Texas), along the Greater and Lesser
Antilles, and along the Central American mainland south to Brazil. In the continental U.S,,
the species is recorded from all the Gulf States and from along the eastern seaboard as far
north as Massachusetts, with the exception of Connecticut; however, sightings north of
Florida are rare (USDOC, NMFS, 1993a). The hawksbill is the least commonly reported sea
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turtle in the Gulf (Hildebrand, 1982). Stranded hawksbills have been reported in Texas
(Hildebrand, 1982; Ogren et al., 1989) and recently in Louisiana (Mr. J. B. Choromanski,
Aquarium of the Americas-New Orleans, pers. comm., 1992); these tend to be either
hatchlings or yearlings. Northerly currents may carry them away from their natal beaches
in Mexico northward into Texas (Amos, 1989; Collard and Ogren, 1989). Texas and Florida
are the only States where hawksbills are sighted with any regularity (USDOI, FWS, 1995).
Commercial exploitation is the major cause of the continued decline of the hawksbill sea
turtle (USDOC, NMFS, 1993a).

The loggerhead sea turtle occurs worldwide in habitats ranging from estuaries to the
continental shelf (Dodd, 1988). The mean straight carapace length of adult southeastern U.S.
loggerheads is approximately 92 cm (3 ft); the corresponding mean body mass is
approximately 113 kg (249 Ib) (USDOC, NMFS, 1990). In the Gulf of Mexico, recent
surveys indicate that the Florida Panhandle accounts for approximately one-third of the
nesting on the Florida Gulf Coast. Inthe Central Gulf, loggerhead nesting has been reported
on Gulf Shores and Dauphin Island, Alabama; Ship Island, Mississippi; and the Chandeleur
Islands, Louisiana (Fuller et al., 1987). Nesting in Texas occurs primarily on North and
South Padre Islands, although occurrences are recorded throughout coastal Texas
(Hildebrand, 1982). Aerial survey results indicate that western North Atlantic loggerheads
are distributed about 54 percent in the southeast U.S. Atlantic, 29 percent in the northeast
U.S. Atlantic, 12 percent in the eastern Gulf of Mexico, and 5 percent in the western Gulf
of Mexico (Byles et al., 1996). Aerial surveys indicate that loggerheads are common in areas
of less than 50-m (164-ft) depth, but they are also found in deep water (Shoop et al., 1981;
Fritts et al., 1983). Juvenile and subadult loggerheads are omnivorous, foraging on pelagic
crabs, molluscs, jellyfish, and vegetation captured at or near the surface. Adult loggerheads
are generalist carnivores that forage on nearshore benthic invertebrates (Dodd, 1988). The
banks off the central Louisiana coast and near the Mississippi Delta are also important
marine turtle feeding areas (Hildebrand, 1982).

Twenty-eight species of whales and dolphins have been reported in the northern Gulf
(Davis and Fargion [eds.], 1996), but only two have been seen with regularity at the Flower
Gardens: the Atlantic spotted dolphin (Stenella frontalis) and the bottlenose dolphin
(Tursiops truncatus). Whales are rarely sighted at the Flower Gardens, with one large
unidentified whale being the only known observation (Mr. Hector Guttierez, formerly on
Mobil’s HIES Block A-389 platform, pers. comm., 1994). All marine mammals are
considered threatened and are protected by the Marine Mammal Protection Act. Six species
are currently on the Federal Endangered Species List.

e. Special Ecological Functions

Recent observations have shown the importance of the Flower Gardens as habitats
supporting the feeding, reproduction, and nursing of biota, and their significance as
schooling grounds and as migratory stopovers. The summer months (June-October) are a
time of active reproduction by fish and benthic invertebrates at the Flower Gardens. One
major reproduction event at the Flower Gardens is the late August and early September
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annual mass spawning by corals, a synchronous release of gametes by virtually all star and
brain coral colonies including M. franksi, M. annularis, M. faveolata, S. michelini,
Colpophyllia natans, M. cavernosa, and D. strigosa (Gittings et al., 1992a and 1994). The
spawning of the dominant corals at the Flower Gardens happens in two events, one of them
being a “major” event during which most of the corals on the reefs burst into a synchronous
mass spawning. Each event is spread out over two to three evenings and lasts less than six
hours. The major spawning event usually takes place eight evenings following a late August
full moon or an early September full moon. This mass reproduction at the Flower Gardens
has coincided with spawning events in several locations of the western Atlantic (Florida
Keys, Bahamas, Honduras, Netherlands Antilles) (Gittings et al., 1994). Spawning
observations were also made for four other invertebrate species and four fish species
(Gittings et al., 1994). Fish species such as the ocean triggerfish (Canthidermis sufflamen)
have been seen to reproduce before the mass spawning of corals.

Recent investigations suggest that sharks and rays use the areas of major reef-building
at the Flower Gardens as feeding and nursery habitats, and in one case as perhaps a migratory
stopover (Childs et al., 1996). During winter months, the Atlantic manta ray (Manta
birostris), the Caribbean reef shark (Carcharhinus perezi), and the silky shark (Carcharhinus
falciformis) have been seen using the Flower Gardens as nursery habitats. The scalloped
hammerhead: shark (Sphyrna lewini), the spotted eagle ray (detobatus narinari), the tiger
shark (Galeocerdo cuvieri), and the sandbar shark (Carcharhinus plumbeus) appear to use
the Flower Gardens as a winter feeding habitat. The scalloped hammerheads will form large
schools at the Flower Gardens during winter months. The reasons for this behavior are
unknown. The whale shark (Rhincodon typus) seems to use the Flower Gardens as summer
feeding grounds (July-October). The lesser devil ray (Mobula hypostoma) is thought to use
the Flower Gardens as a springtime migratory stopover.

The Flower Gardens evidently support the special ecological functions 1nvolv1ng
numerous tropical reef organisms. Studies have focused on elements of reproduction and
habitat usage. Further work will probably reveal further functions that confirm the essential
nature of habitat provided by the Flower Gardens.
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5. WATER QUALITY
Kenneth J.P. Deslarzes and Gail B. Rainey

a. Hydrology

The Gulf of Mexico is a semi-enclosed tropical and subtropical sea. It covers a 1.54
million km? - (595,000 mi®) area and holds 2.33 million km® (8.23x10' ft*) of water
(assuming a mean depth of 1.51 km [0.94 mi]) (Rand McNally, 1975; John Bartholomew and
Son, Ltd., 1985). The Loop Current supplies the Gulf with an estimated 30 million m?/s
(1.06 billion ft%/s) of seawater through the Yucatan Channel (e.g., Nowlin and Hubertz,
1972). The average outflow of the Gulf through the Straits of Florida amounts to 30 million
m®/s (Science Applications International Corporation, 1992). Recent estimates of average
oceanic precipitation using satellite data in the northwestern Gulf show maximum rainfall
(15-35 cm/mo [6-14 in]) in April/May and September/October, and minimum rainfall (2-10
cm/mo [0.8-3.9 in]) in July and December (Etter, 1996). In the northern Gulf, the
Atchafalaya-Mississippi Rivers produce most of the river discharge (18,400 m*/s [650,000
ft*/s]; Milliman and Meade, 1983). The total river discharge in the southwestern Gulf (>
10,000 m’s [>353,100 ft/s]) is generated mainly by the Usumacinta, Grijalva,
Coatzacoalcos, Papaloapan, and Panuco Rivers (UNEP-GEMS/WATER, 1995). Starting in
November and continuing into May, the northern Gulf shelf receives increased amounts of
niver discharge with a maximum in April/May of 75-85 cm/mo (30-33 in/mo) (total monthly
river discharge rates of the northern Gulf divided by the area of the shelf). River discharge
declines from June on and attains a minimum rate of 20 cm/mo (8 in/mo) from September
to November (based on 1992-1994 satellite data; Etter, 1996). Evaporation rates in the
northern Gulf are highest from September to December (20-30 cm/mo [8-12 in/mo]) and
lowest in May/June (~ 10 cm/mo [~ 4 in/mo]) (Etter, 1996). The hydrologic balance
(evaporation-precipitation) of the northern Gulfis positive except for during the spring, when
the precipitation rate is at its peak (data collected from 1992-1994; Etter, 1996). Finally,
June and September estimates of the rate of freshwater storage (offshore freshwater storage
= precipitation + discharge - evaporation) (1992-1994) at the Flower Gardens were typically
0 cm/mo (Etter, 1996). This rate contrasted with results from the water column 150 km (93
mi) to the east of the Flower Gardens, which had a decreased salinity in June (50-100 cm/mo
[20-39 in/mo]) and an increased salinity in September (-50 to -100 cm/mo [-20 to -39 in/mo])
(Etter, 1996).

The freshwater budget in the northern Gulf, however, shows a net deficit due to the high
rate of evaporation (Etter, 1996). This is particularly true at the Flower Gardens, considering
the negligible contribution of direct river discharge to the Flower Gardens, the lack of
freshwater storage, and evaporation being greater than precipitation most of the time (Etter,
1996). Yet, chronic discolorations of the otherwise clear and nutrient-poor waters at the
Flower Gardens attest to natural variations of water quality. Furthermore, charter boat
captains frequently visiting the Flower Gardens during the summer have consistently
observed low salinity and turbid superficial water lenses (1989-1997). These unusual
superficial conditions are suspected to originate from Mississippi-Atchafalaya Rivers coastal
waters or bay waters that move out onto the outer shelf. Squirts (high velocity offshore
flows) and cyclonic circulation could be prevalent causes of these water quality changes,
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considering that under maximum high river discharge conditions the western edge of the
Mississippi plume remains more than 250 km away from the Flower Garden Banks (Walker,
1996).

During the summer of 1993, extreme flooding of the Mississippi and Atchafalaya Rivers
resulted in lowered salinities and increased nutrient loadings within a 7,000-km? (2,702-mi?)
area extending 270 km (168 mi) eastward from the mouth of the Mississippi to the Florida
Keys and along the U.S. East Coast. The buoyant flood plume did not reach the Flower
Gardens despite the usual westerly flow. Instead, the flow of the runoff was deflected by
dominant westerly and southwesterly winds and the anticyclonic flow of the Loop Current
(Walker et al., 1994; Murray and Donley [eds.], 1996).

b. Potential Sources of Degradation

Primary sources of the potential degradation of offshore water quality in the Central and
Western Gulf include coastal runoff, river discharges (210 million tons of sediments/yr {463
billion pounds of sediments/yr] for the Mississippi River [Milliman and Meade, 1983]), and
effluent discharges from offshore activities such as OCS oil and gas development and marine
transportation. Oxygen-depleted or “hypoxic” near-bottom waters have been identified in
a large area of the northern Gulf. Often called the “dead zone,” the areal extent of the
oxygen-depleted waters has included up to 16,500 km? (6,370 mi®) of bottom waters on the
inner continental shelf from the Mississippi River Delta to the Texas coast, as far south as
Freeport (Murray and Donley [eds.], 1996). Although primarily a summer phenomenon, the
hypoxic zone off the Mississippi River has been identified as early as February and as late
as October and may affect more than the bottom waters. Researchers have expressed
concern that this phenomenon may be increasing in frequency and intensity. Although the
causes of this hypoxic zone have yet to be conclusively determined, high summer
temperatures combined with freshwater runoff contributing to stratification and carrying
large amounts of excess nutrients (nitrogen) from the Mississippi River have been
implicated. The hypoxic conditions vary spatially and seasonally depending on the flow of
the Mississippi River discharge and are affected by physical features such as water
circulation patterns, saltwater and freshwater stratification, wind mixing, tropical storms, and
thermal fronts (Meier, 1997). Efforts are underway, facilitated by the Gulf of Mexico
Program, to reduce the runoff and discharge of nutrients coming not only from the lower
Miississippi River watershed, but also the upper Mississippi River and Ohio River watersheds
(Meier, 1997). Impacts on phytoplankton and benthic ecosystems are being documented.

Red tides are a natural phenomenon, primarily occurring off southwestern Florida and
Mexico. However, in 1996 there was a particularly widespread outbreak causing beaches
to be closed and oyster beds to be shut down. The Texas Brown Tide, which appeared
during the winter of 1989-1990 in Laguna Madre (south Texas), caused a significant
decrease in light penetration, loss of seagrasses, and decline of zooplankton community and
larval fish populations (DeYoe, 1995).

The northern Gulf coastal area has more point sources of contaminants than any other
region in the country--more than 3,700 sites according to one assessment (Weber et al.,
1992). Point sources contribute contaminants through discharges and accidental releases.
More than half of the 3,700 sites identified were industrial facilities. About 460 of the 3,700
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point sources are discharging directly into the waters of the Gulf or its estuaries. Of these
460 sites, 113 are municipalities discharging more than a billion gallons (more than 3.8
billion liters) a day of sewage effluent into Gulf coastal waters (Weber et al., 1992). Of the
remaining point-sources discharging directly into Gulf coastal waters, 192 are in Texas, 79
in Louisiana, 30 in Mississippi, 29 in Alabama, and 17 in Florida. Most are petroleum
refineries and petrochemical plants. The Houston Ship Channel is heavily impacted by point
sources from both municipal and industrial facilities, especially oil, steel, and petrochemical
industries, receiving waste waters from approximately 400 point-source discharges (Crocker
and Koska, 1996).

Activities associated with offshore production and shipping activities are potential
sources of discharge of treated waste waters and accidental spills of oil and other chemicals.
By the end of 1995, approximately 5,000 production platforms had been installed in the
northern Gulf (fewer than 1,000 of these platforms were subsequently removed), 32,000
wells had been drilled, and 208,350 km (129,469 mi) of pipeline installed. In addition, there
has been a significant use of northern Gulf waters by the maritime industry to ship crude oil
and petroleum products. Indeed, the northern Gulf has 4 of 10 busiest ports in the United
States. Approximately 1.5 billion barrels of crude oil were imported through Gulf waters by
tanker in 1993, about five times the volume piped from domestic production. In addition,
about 236 million barrels of petroleum products were imported and 175 million barrels were
exported via Gulf waters.

¢. Chemical Contamination

Heavy metal and hydrocarbon contamination in the area of the Flower Gardens has been
extensively examined at the site surrounding the gas production platform in HIES Block
A-389 (near the East Flower Bank) (Fig. 2). Chemical contamination from this platform was
characterized using both biological and geochemical parameters (Continental Shelf
Associates, Inc., 1983 and 1985; Montagna and Harper, 1996; Kennicutt et al., 1996; Ellis
et al, 1996; Carr et al., 1996; Peterson et al., 1996). Studies show that chemical
contamination resulting from oil and gas operations within the 4-Mile Zone is geographically
limited to areas immediately surrounding the platform. This is partly a consequence of the
mandatory shunting of drilling fluids in the 4-Mile Zone to within 10 m of the seafloor.
Relatively high concentrations of contaminants were found within a 500-m radius of the
platform (mainly heavy metals originating from drilling discharges including barium,
cadmium, silver, arsenic, mercury, lead, zinc; hydrocarbons were consistently found in low
concentrations) (Kennicutt et al., 1996). Sediments and pore water sampled farther than 500
m away from the platform contained comparatively low to background trace metal levels.
As expected, the most abundant contaminant was barium, since barite is a major component
of drilling muds (as much as 90% dry weight). Drilling discharges generated large amounts
of sand, the concentration of which decreased with an increased distance from the source.
This sand concentration gradient correlated with gradients of the discharged barium,
cadmium, and mercury. Lead and zinc were also found in relatively high concentrations, but
probably originated from discharges other than drilling muds, such as produced water. Ten
years after the initial discharge of drilling muds, trace metals other than lead still had the
same distribution and concentration in bottom sediments (“stability of the contamination
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field”). This was thought to reflect the deep (130 m [427 ft]) and low energy seafloor
environment surrounding the platform. Concentrations of lead continued to increase in
sediments beyond the cessation of drilling (Kennicutt et al., 1996). Concentrations of silver,
cadmium, mercury, lead, and zinc in sediments near HIES Block A-389 exceeded the Long
and Morgan (1990) 50 percent bioeffects criterion (biological effects could be observed 50%
of the time) (Kennicutt et al., 1996). Yet, these levels only constituted a highly localized and
an overall minimal impact on macroinfauna (metazoans > 500 um; polychaetes, mollusks,
amphipods), meiofauna (metazoans 63-500 pm; nematods and harpactoid copepods), and
macroepifauna (shrimp, crabs, echinoderms, molluscs, stomatopods). USEPA-determined
toxic levels of sediment contaminants were concentrated within a 150-m (492-ft) radius of
the platform. There was no significant evidence of impacts by toxicants on fish and large
mobile invertebrates mostly because of their mobility and the lack of exposure to
contaminants generated by HIES Block A-389. The bioavailability of the trace metals in
sediments around the platform and their speciation have yet to be determined (Kennicutt et
al, 1996). Furthermore, the long-term studies of coral populations at the banks conducted
for more than 20 years (e.g., Bright and Pequegnat [eds.], 1974; Bright et al., 1983 and 1984;

Gittings et al., 1992a and 1992b; Continental Shelf Assoc1ates 1997) show no ev1dence of
‘ human—mduced change other than mechanical disturbances.

d. Current Water Quality Status

Water quality within the 4-Mile Zone has supported thriving benthic and pelagic
resources at the Flower Gardens despite localized and regional sources of chemical
contamination.  Dispersion and dilution of contaminants are thought to contribute
significantly to the favorable water quality conditions within the 4-Mile Zone. This is
probably the case considering the dynamic nature of the shelf edge location of the Flower
Gardens, the large volume of water contained within the LATEX shelf (6,250 km® = 2,500
km*x2.5 annual turnovers [2.28x10 "t ] [Dinnel and Wiseman, 1986]) including the 175
km® (6.2x10" ft*) of water within the 4-Mile Zone (70 km®x2.5 annual turnovers); the
stringent directives of the Topographic Features Stipulation implemented in 1973 (USDOI,
MMS, 1997a), and the provisions imposed by the designation of the banks as a National
Marine Sanctuary in 1992. With additional provisions made to the USDOI Topographic
Features Stipulation specifically for the Flower Garden Banks, an elevated level of natural
resource protection was attained. The added provisions require that (1) the No Activity Zone
be based on the 100-m (328-ft) isobath instead of the 85-m (279-ft) isobath and be defined
by the "1/4 1/4 1/4" system (a method of defining a specific portion of a block) rather than
the actual isobath and (2) there be a 4-Mile Zone instead of a 1-Mile Zone within which all
drill cuttings and drilling fluids are shunted to within 10 m (33 ft) of the bottom (USDOI,
MMS, 1997a). The stipulation applied to the Flower Gardens prevents activity within the
100-m isobath by forbidding structures, drilling rigs, pipelines, or anchoring. Further and
continued studies of water quality and living resources at the Flower Gardens would allow
for the long-term and objective assessment of human-induced impacts. This would also
allow for a continued evaluation of the effectiveness of protective measures.
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6. COMMERCIAL FISHING
Ann Scarborough-Bull

a. Status of Commercial Fishing at the Flower Gardens

Fishermen have longlined at the East and West Flower Garden Banks and other
prominences along the shelf break off Texas since the late 1800's. Indeed, fishermen of the
turn of the century gave the Flower Gardens their names based on the colors they could see
from the surface, as well as the colorful plants and animals they often hooked and brought
to the surface. Although there are a number of economically important demersal and pelagic
species associated with the Flower Garden Banks, the commercial fish harvest from the area
has generally consisted of snappers and groupers. Commercial fishing with bottom
longlines, traps, nets, bottom trawls or any other gear other than conventional hook and line
is no longer allowed within the Sanctuary boundaries (slightly larger than the area
encompassed by the MMS No Activity Zone). Commercial fishing has always been most
active on deeper portions of the banks in 50-100 m (164-328 ft) water depths, where
snappers are encountered in some abundance. This fishing on the fringes may have been due
in part to those species being over-harvested from the small reefal cap areas. Anecdotal
evidence of increasing populations of snappers and groupers on the reefs caps within the
Sanctuary boundaries supports this conclusion.

The fishing fleets that frequent the area consist of vessels from as far away as the
panhandle of Florida and Brownsville-Port Isabel, Texas (USDOC, NOAA, 1991; USDOC,
NMEFS, 1993b). It is not known what amounts of reef fishes are landed from the Flower
Garden Banks and vicinity. Landings into Texas ports of snappers and groupers from 3 to
200 mi (5 to 322 km) offshore are listed in Table 2. It is likely that a significant portion of
these landings comes from prominences along the shelf break, including the Flower Garden
Banks. Anecdotal information indicates that continuous low to moderate levels of longlining
occur around the Flower Garden Banks, with an occasional spike in activity during the late
winter, early summer, and after the opening of the commercial snapper season in September,
at which time no fewer than five longlining vessels with Spanish- and English-speaking
crews have been seen illegally fishing in the Flower Garden Banks Sanctuary.

Table 2. Texas 1996 Landings from 3 to 200 Miles (5 to 322 km) Offshore, Selected
Species in Pounds (thousands) and U.S. Dollars (thousands). (Source: USDOC,
NMEFS Fisheries Statistics and Economics Division, 1996)

Species Weight (Ib) Value (U.S. §)
Red snapper 1,105 2,072
Other snapper 146 275
Grouper 39 79

Total 1,290 2,426
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b. Effects of Hydrocarbon Development on Commercial Fishing

Effects on commercial fisheries from activities associated with oil and gas exploration
and production in the vicinity of the Flower Garden Banks could come from emplacement
of production platforms, underwater OCS obstructions, production platform removals,
seismic surveys, oil spills, and discharges of drilling muds and produced waters.

The emplacement of a production platform, with a surrounding 100-m (328-ft) navigation
safety zone, in water depths less than 152 m (500 ft) results in the loss of approximately 6 ha
of bottom trawling area to commercial fishermen and causes space-use conflicts.
Underwater OCS obstructions, such as pipelines, cause gear conflicts that result in losses of
trawls and shrimp catch, business downtime, and vessel damage. However, all pipelines in
water depths less than 61 m (200 ft) must be buried, at least 1 m (3 ft) below the bottom, and
their locations made public knowledge (Alpert, 1990). Nearly 97 percent of trawl fishing in
the CPA occurs in water depths less than 61 m and certainly not in the vicinity of such hard-
bottom areas as the Flower Garden Banks, but does occur near Stetson Bank (Louisiana
Dept. of Wildlife and Fisheries, 1992). Although Gulf fishermen are experiencing some

- economic loss from gear conflicts, the economic loss for a fiscal year has historically been
less than 0.1 percent of the value of that same fiscal year's commercial fisheries landings.
In addition, most financial losses from gear conflicts are covered by the Fishermen's
Contingency Fund.

Lessees are required to remove all structures and underwater obstructions from their
leases in the Federal OCS within one year of the lease relinquishment or termination of
production. However, doing so by means of explosive charges, the traditional means of
removal, would produce concussive forces that are lethal to fish with internal air chambers
(swim bladders). The explosive removal would be particularly lethal to the demersal fish or
those in close association with the platform being removed (Young, 1991; Scarborough-Bull
and Kendall, 1992). ‘

Within the past decade, stocks of reef fish have declined in the Gulf. There is some
concern over a possible connection between this decline and the explosive removal of
platforms. To examine this issue, MMS entered into a formal Interagency Agreement with
NOAA/NMFS and is investigating fish death associated with structure removal. This study
attempts to relate the relationship of fish deaths from platform removals to the status of reef
fish stocks in the Gulf of Mexico. Preliminary information suggests that less than 1 percent
of the annual harvest of red snapper from the Gulf of Mexico can be attributed to explosive
platform removals. ‘

The airgun-generated acoustic pulses used in seismic surveys have little effect on even
the most sensitive fish eggs set 5 m (16 ft) from the source (Chamberlain, 1991; Falk and
Lawrence, 1973). Closer than 5 m, fish with swim bladders may be impacted. Within one
meter, injuries may be fatal. In general, the acoustic pulses from airguns have relatively little
effect on marine invertebrates, presumably. due to their lack of air spaces such as a swim
bladder. Available scientific information concerning the effects of acoustic airgun sources
on fish eggs and larvae indicates that commercial fishery resources are little disturbed by
seismic surveys (Wingert, 1988).
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Adult fish are likely to actively avoid an oil spill, thereby limiting the effects and
lessening the extent of damage (Baker et al., 1991; Malins et al., 1982). Direct effects of
spilled oil on fish may occur, however, through the ingestion of oil or oiled prey, through the
uptake of dissolved petroleum products through the gills and epithelium by adults and
juveniles, and through the death of eggs and the decreased survival of larvae (NRC, 1985).
Upon exposure to spilled oil, liver enzymes of fish oxidize soluble hydrocarbons into
compounds that are easily excreted in the urine (Spies et al., 1982). Due to their limited
mobility and metabolism, floating eggs and larvae and most juvenile fish are killed when
contacted by spilled oil (Linden et al., 1979; Longwell, 1977). Ordinary environmental
stresses may increase the sensitivity of fish to oil toxicity. These stresses may include
changes in salinity, temperature, and food abundance (Evans and Rice, 1974; NRC, 1985).

For OCS-related oil spills to have an effect on commercial fishery resources in the
vicinity of the Flower Garden Banks, eggs and larvae would have to be abnormally
concentrated in the immediate spill area. Oil components also would have to be present in
highly toxic concentrations when both eggs and larvae are in the pelagic stage (Longwell,
1977). There is no evidence at this time that commercial fisheries in the Gulf have been
adversely affected on a regional level by spills or chronic oiling.

Drilling muds contain materials toxic to commercial fishery resources; however, the
plume disperses rapidly and is usually undetectable at distances greater than 3,000 m (9,483
ft) (e.g., Kennicutt et al., 1996). In addition to toxic trace elements and hydrocarbons in
produced waters, there are additional components and properties, such as hypersalinity and
organic acids, that have a potential to affect commercial fishery resources adversely.
Produced waters that are discharged offshore are diluted, dispersed, and undetectable at a
distance of 3,000 m (9,843 ft) from the discharge point, and no detectable effects on water
column organisms are encountered (Harper, 1986; Rabalais et al., 1991).
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7. RECREATION
Kenneth J.P. Deslarzes and Villere C. Reggio

Fishermen discovered the Flower Gardens and named the banks after the colorful tropical
fauna they saw and caught. By 1950, navigational charts clearly located the banks.
Thereafter, the Flower Gardens gained in popularity as fishermen, scientists, journalists,
boaters, and industry increasingly visited the banks. Recreational fishing and SCUBA diving
probably started to grow in the late 1950’s to reach current levels estimated at 3,000 divers
per year and more than 150 boats per year (USDOC, NOAA, 1991; Dr. Stephen Gittings,
NOAA/NOS/SRD, pers. comm., 1997). Recreational divers and hook-and-line sports
fishermen are the primary “users” of the banks today. The divers use the portion of the
banks that is shallower than 36 m (118 ft) (high-diversity reef), and the fishermen probably
focus on areas where desirable game fish are most abundant (i.e., the reef drop-off area and
deeper). Furthermore, the number of recreational and commercial fishing boats per year
within the 4-Mile Zone could well increase as they use fishing opportunities created by an
increasing number of structures (platforms) emplaced nearby. The unique and varied biota
of the banks:should continue to attract SCUBA divers from all the Gulf States, especially
Texas and Louisiana, as well as other parts of the Nation and foreign countries. Since its
designation as a National Marine Sanctuary, broader national interest in the banks is
attracting many more divers from throughout the nation. Charter dive services are available
from Texas and Louisiana ports with peak visitation in July, August, and September.

Both private boats, generally greater than 9 m (30 ft) in length, and charter boats (up to
30 m [100 ft ]) visit the site regularly and often stay overnight because of the distance and
time involved in reaching either the East or West Flower Garden Bank.

Permanent mooring buoys have been strategically installed in recent years to encourage
the nondestructive use and appreciation of the reef resources. Anchoring directly on the reef
would otherwise cause substantial scarring and breakage of coralline substrate (e.g., living
coral heads) by anchors, and anchor lines or chains. An example of such damage was
documented by Bright (1983) and Gittings and Bright (1986). In fact, recreational divers
spearheaded the funding and logistics required to install the permanent mooring buoys at the
Flower Gardens, which probably constituted a major push toward the designation of the
Flower Gardens as a National Marine Sanctuary. Volunteers from the local diving
community (Texas), Gulf Reef Environmental Action Team (GREAT), and Rinn Boats, Inc.
joined forces with NOAA (Florida Keys NMS) personnel, TAMU researchers, and members
of the MMS dive program to install these buoys. Their installation was a key conservation
effort toward protecting the Flower Gardens, and served as one of the strongest statements
made by recreational divers as they sought sanctuary status for the Flower Gardens.

The contribution of recreational divers to the protection and documentation of the banks
was already significant in the early 1960’s as members of the Houston Underwater Club took
part in the “discovery” of the Flower Gardens coral reefs. Thirty years later, recognizing the
value of this natural heritage, recreational divers continue to successfully push for
conservation efforts that protect the banks. It was they who requested that specimen
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collecting, trash disposal, anchoring, and spearfishing should be prohibited at the banks.
Thanks to their observations and records, recreational divers were able to alert scientists with
information about coral mass spawning, the schooling of hammerheads, whale sharks,
sharks, mantas, and sea turtles. Successful and recent collaborations between researchers and
recreational divers at the banks include the monitoring of fish populations, elasmobranchs,
turtles, and spawning of corals (Flower Garden Banks National Marine Sanctuary, 1997).
Furthermore, the recreational diving community has significantly contributed to the funding
of research at the Flower Gardens by sponsoring graduate students through organizations
including Seaspace (Houston), the Houston Underwater Club, the Texas Gulf Coast Council
of Dive Clubs, and GREAT.

The MMS-funded studies at the banks through the 1970’s and mid-1980’s to formulate
an optimal and objective Topographic Features Stipulation that applies to the Flower
Gardens. The stipulation was introduced in 1973 and responded to the scientific data, the
concerns expressed by the public, and the needs of the industry. The protection of the banks
has been a success, considering the unchanged and healthy condition of the coral populations
in terms of coral cover, diversity, and growth documented by numerous studies since the
1970’s. The recreational community certainly contributed to the continued well-being of the
Flower Gardens resources and so did restrictive regulations on oil and gas development by
MMS, NOAA'’s National Marine Sanctuary Program, the U.S. Coast Guard, the National
Marine Fisheries Service, and the U.S. Environmental Protection Agency.

With 56 square miles under special protective management by NOAA, along with
Government-sponsored shoreside educational programs and activities aimed at focusing
public attention, interest, and appreciation of this special marine area (e.g., Flower Gardens
educational airport display, conferences, a National Geographic article [Chadwick, 1998],
workshops, world wide web, Sanctuary designation anniversary events), recreational interest
and visitation are likely to grow with time and economic prosperity.
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8. MILITARY WARNING AREA W-147A
Kenneth J.P. Deslarzes

A portion of Military Warning Area W-147AB (sea surface to 15,240 m [50,000 ft]
altitude) contains the eastern half of the 4-Mile Zone (Figs. 2 and 3; USDOIL, MMS, 1997¢).
This warning area airspace is controlled by the Federal Aviation Administration (FAA). The
U.S. Navy and Air Force conduct intercepts and air-to-air combat maneuvers (electronic)
within the W-147A area. ‘

The nature of military operations dictates that some oil and gas activity may have to be
delayed on some occasions. To promote a compatible joint usage of an area, negotiations
between the Department of the Interior and the Department of Defense have resulted in
established procedures to resolve all conflicts prior to any offshore activity. As part of the
mitigating measures required for oil and gas activities, a stipulation is attached to leases
within the warning area. The stipulation contains a liability disclaimer and requires operators
to control their electromagnetic emissions so-as not to interfere with Defense activities.  The
stipulation also requires that the operator enter into an agreement with an established
Department of Defense contact concerning the coordination of boat and air traffic into the
warning area. The address for contact is Federal Aviation Administration, Houston Air
Route Traffic Control (ARTC) Center, 16600 John F. Kennedy Boulevard, Houston, TX
77032, Telephone: (281) 230-5536 or 5630. The coordination requirement of this stipulation
would be made a condition of the plan approval for operations on any leases that are located
within the W-147A area but that may have been leased without the stipulation. - The
imposition of the terms of the stipulation should effectively mitigate any impacts that could
result from military activities in the area.
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9. HYDROCARBON DEVELOPMENT
Kenneth J.P. Deslarzes and Joseph R. Hennessy

a. Onshore Bases, Platforms, and Pipelines

The 4-Mile Zone surrounding the Flower Gardens currently contains 10 production
platforms and approximately 161 km (100 mi) of pipeline (half of which are dedicated oil
lines). There are 20 pipelines that either originate within, terminate within, or transit the
4-Mile Zone of the East and West Flower Garden Banks (Table 3). From 1984 to 1997
thirteen pipelines were added to the 4-Mile Zone. The number of pipelines will probably
change considering, for example, the recent increase in exploratory activity near the West
Flower Garden Bank. High Island, South Addition (HIS) Blocks A-573 and A-596 are
located in the western portion of the 4-Mile Zone and have been a significant source of the
hydrocarbon production for this general area. From 1973 to June 1997 oil production totaled
84.4 MMDbbl of oil and 445 Bef of gas. HIES Block A-382 was the source of relatively large
amounts of hydrocarbon production: 28.2 percent of the oil and 15.9 percent of the gas
production in this area. In the 1990’s, HIES Blocks A-379, A-384, and A-385, three blocks
located within the 4-Mile Zone and close to the West Flower Garden Bank 1-Mile Zone,
yielded 8.8 percent of the oil and 13.1 percent of the gas produced within the 4-Mile Zone

area (including HIS Blocks A-573 and A-596).

Table 3. Pipelines within the 4-Mile Zone of the East and West Flower Garden Banks.

Destination

Operator ;

Seg./ROW # Size (in) | Service Origin Length (ft)

6669/-G05238 10 Gas HIES A-376 “A” HIES A-356 SSTI 37,718 | Trunkline Gas Co.
8256 10 Bulk Oil HIES A-382 “F” HIS A-595 “CF” 25,875 | Mobil Producing
9109/-G12318 10 Gas/Condensate HIES A-384 “A” HIS A-573 49,408 | Transco
10252/-G14299 8 Oil HIES A-379 “A” HIS A-521 SSTI 71,946 | Sun Operating
6870/-G05150 6 0il HIES A-376 “A” HIS A-546 SSTI 106,807 | Amoco Pipeline
10308 6 Bulk Gas HIES A-385 “A” HIES A-379 “A” 18,454 | Oryx Energy
10309 8 Bulk Gas HIES A-384 “A” HIES A-379 “A” 4,629 | Oryx Energy
10310 8 Gas HIES A-379 “A” HIES A-384 “A” 4,533 | Oryx Energy
9328/-G12690 4 Bulk Gas GB 224 Well 5 HIES A-384 “A” 75,439 | Oryx Energy
9412/-G13219 8 Oil GB 189 “A” HIES A-377 SSTI 180,632 Téxaco Pipeline
10196 8 Gas HIES A-376 “B” HIES A-376 “A” 10,212 | Anadarko
10197 4 Gas/Oil HIES A-376 “B” HIES A-376 “A” 10,217 | Anadarko
8299/-G09359 10 Gas/Condensate HIES A-389 “A” HIES A-332 SSTI 74,250 | Koch Industries
9489/-G13244 4 Bulk Gas HIES A-373 Well 1 | HIES A-368 “A” 18,400 | Enron O&G
6757/-G05266 12 Gas HIES A-368 “A” HIES A-370 SSTI 27,557 | ANR Pipeline
11089 8 Bulk Gas HIES A-385 “D” HIES A-384 “A” 16,705 § Oryx Energy
11090 8 Bulk Gas HIES A-385 “D” HIES A-384 “A” 16,705 | Oryx Energy
11114 6 Bulk Oil HIES A-379 “E” HIES A-379 “B” 13,738 | Oryx Energy
11115 6 Bulk Oil HIES A-379 “B” HIES A-379 “B” 13,738 | Oryx Energy
11116 2 Gas Lift HIES A-379 “B” HIES A-379 “E” 13,738 | Oryx Eneréy
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10. SHIP TRAFFIC
Kenneth J.P. Deslarzes

No fairways or shipping anchorage areas are located in the Flower Gardens 4-Mile Zone
area (USDOIL, MMS, 1997b). The nearest fairway is located immediately to the south (Figs.
2 and 3; USDOI, MMS, 1997b). This fairway is traveled by a large proportion of the vessels
using Texas coastal ports. The amount of ship traffic within the Flower Gardens’ 4-Mile
Zone and the adjacent fairway is best observed from platforms, such as Mobil’s HIES Block
A-389 gas production platform, located southeast of the EFGB (Fig. 2). Ship traffic
observations made from Mobil’s HIES Block A-389 platform during the 1990 to 1996.time
period indicate 1-2 service vessels (supply, crew, and utility vessels) every other day, 3-5
ships/week (mostly supertankers, some cargo), 1 barge/month, and 10 fishing vessels/week
(vessel lengths: 21-30 m [70-100 ft]) mostly from April to June and October to December
(Mr. Hector Guttierez, formerly on Mobil’s HIES Block A-389 platform, pers. comm.,,
1997). Seismic ships as well as fishing vessels were frequently seen navigating directly over
the EFGB. Tankers usually navigated on the fringes of the bank and stayed east of the bank
when traveling north-south, and south of the ba-nk when traveling east-west. Incidences of
anchoring at the EFGB were reported mostly for commercial fishing vessels. Anchoring
incidences by other types of vessels (including tankers) probably took place more frequently
on the WFGB, considering its more southerly location and proximity to the fairway.

With increased hydrocarbon development within the 4-Mile Zone, service vessel traffic
will probably increase between onshore support bases and offshore facilities. This increase
could result in congestion in certain areas, and possibly collisions, which could result in
personal injury or potential spills. At night or during rough weather, fog, or heavy seas,
ships not using established fairways could collide with an uncharted or unmanned
exploratory drilling rig or platform. However, significant impacts to shipping are not
expected since no structures are permitted in fairways and offshore structures are required
to be marked with navigational lights, and unmanned platforms are required to be equipped
with foghorns through U.S. Coast Guard regulations (33 CFR 67). The temporary nature of
the drilling rigs and platform removal requirements also mitigate potential long-term impacts
to shipping. As positive impacts, offshore structures serve as navigational aids by radar
contact and marking requirements in 30 CFR 250.115 (Identification) and as areas of safety
for small boat operators during storms (Gramling et al., 1995). Offshore operators also often
provide assistance during emergencies.
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11. POTENTIAL ENVIRONMENTAL IMPACTS
Kenneth J.P. Deslarzes and Dagmar C. Fertl

a. Impacts on the Biological Environment

The potential impact-producing factors on the northern Gulf topographic features in
general are anchoring (refer to Section IV.A.3.b.(1) in USDOL MMS [1997a]), seismic
surveys (refer to Section IV.A.2.a.(1) in USDOI, MMS [1997a}), effluent discharges (refer
to Section IV.A.3.d. in USDOI, MMS [1997a]), oil spills (refer to Section IV.A.3.h.(2) in
USDOI, MMS [1997a]), blowouts (refer to Section IV.A.3.h.(1) in USDOIL, MMS [1997a]),
structure removal (refer to Section IV.A.3.c. in USDOI, MMS [1997a]), and structure
emplacement (refer to Section IV.A.3.a. in USDOIL, MMS [1997a]). These disturbances have
the potential to disrupt and alter the environmental, commercial, recreational, scientific, and
aesthetic values of the Flower Garden Banks.

Anchoring

The anchoring of pipeline lay barges, drilling rigs, or service vessels, as well as the
emplacement of structures (e.g., pipelines; drilling rigs, or production platforms), would
potentially result in mechanical disturbances of the benthic environment at the Flower
Gardens. Anchor damage has been shown to be a significant threat to the biota of the
offshore banks in the Gulf (Bright and Rezak, 1978; Rezak et al., 1985). Such anchoring
damage, however, would be prevented within any given No Activity Zone by compliance
with the Topographic Features Stipulation and Sanctuary regulations. Over the past 20 years
there have been several incidences at the Flower Gardens of significant impacts caused by
the anchoring of large industry vessels and fishing vessels, particularly in shallow parts of
the banks (Gittings et al., 1996). Foreign cargo vessels and oceangoing tugs have, on
occasion, anchored at the Flower Gardens without knowing of the anchoring restrictions.
This continues to be a problem as U.S. National Marine Sanctuary and MMS regulations
have yet to be routinely placed on foreign navigational charts. Enforcement by the U.S.
Coast Guard and the Sanctuary has prevented extensive anchor damage caused by illegally
anchored vessels. Furthermore, hailing of vessels preparing to illegally anchor by dive
charter boats and platform operators has also significantly contributed to damage prevention.
Permanent mooring buoys installed on the banks have also aided in preventing reef breakage
that would have been otherwise caused by vessels anchoring directly on the reef (30 m
[100 ft] or less). Since 1994, there have been at least three large vessel anchoring incidents
at the Flower Gardens (a 150-m [500-ft] freighter at the WFGB, an oceangoing tugboat at
the WFGB, and a snapper fishing boat at the EFGB) (Dr. Stephen Gittings,
NOAA/NOS/SRD, pers. comm., 1997). A closely related type of damage occurred in June
1997 when cables between a tow and barge scarred, cracked, cut, and toppled coral heads
over a 200-300 m (656-984 ft) distance at the WFGB between permanent Buoys #5 and #3.
There is also a known site of extensive anchor damage on the WFGB near Buoy #5.: The
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circumstances of this damage are unknown. The impacts of future anchoring incidents at the
Flower Gardens would be best documented by comparing the damaged reef area to a baseline
record.

Seismic Surveys

Prior to 1989, explosives (dynamite) were used to generate seismic pulses. Explosives
have been replaced by piston-type acoustic sources that generate superior acoustic signals
and that do not cause the damaging environmental impacts associated with explosives.
Acoustical energy from explosives is characterized by rapid rise time (high velocity), high
peak pressure, and rapid energy decrease. Seismic airguns are considered nonexplosive and
have long rise times to peak pressure (low velocity). In contrast with explosives, piston-type
acoustic sources used for seismic surveys have been shown not to affect most marine
organisms (Linton et al., 1986). Seismic surveys at the Flower Gardens are not. prohibited
by Sanctuary regulations and will be allowed as long as they do not harm: Sanctuary
resources (Gittings et al., 1997). The number of recent prelease geophysical permits in the
vicinity of the Flower Gardens has remained small. Four 2-dimensional and six
3-dimensional surveys have been completed since 1992. A survey of the effectsiof a
3-dimensional seismic survey on reef resources at the Flower Gardens showed that fish and
manta rays were not driven away from the high-diversity zone of the reef or disturbed in any
apparent manner during a pass of a seismic survey vessel within one mile of the reef.
Activity of benthic organisms also appeared unchanged during the passage of the seismic
array (Dr. Stephen Gittings, NOAA/NOS/SRD, pers. comm. 1997). The graphic
presentation of underwater power curves of this type of survey showed that impacts would
be restricted to within a few meters from the acoustic source.

State-of-the-art, 3-dimensional seismic data have enabled industry to identify, with
greater precision, where the most promising hydrocarbon prospects are located.  This
3-dimensional technology is also being used in developed areas to identify bypassed
hydrocarbon-bearing zones in currently producing formations and new productive horizons
near or below currently producing formations. It is also being used in developed areas for
reservoir monitoring and field management. Prelease surveys will probably decline in
number as data coverage becomes complete, although some previously surveyed areas  may
be resurveyed to gather better data as technology advances.

Postlease seismic surveying may include high-resolution, 3- or 4-dimensional surveying.
High-resolution surveying is done on a site-specific or lease sale basis or along a proposed
pipeline route. These surveys are used to identify potential shallow geologic hazards for
engineering considerations and site planning for bottom-founded structures. They are also
used to identify environmental resources such as hard-bottom areas, topographic features,
potential chemosynthetic community habitat, or historical archaeological resources.
Postlease high-resolution seismic surveying is assumed to be done once for each lease that
is drilled.

Deep seismic surveying (3-dimensional as described above, or 4-dimensional, which is
a series of 3-dimensional surveys collected over time) may also be done postlease. The 3-
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dimensional seismic technology allows more accurate identification of potential Teservoirs,
increasing success rates for exploratory drilling and aiding in the identification of additional
reservoirs in “known” fields. The 4-dimensional seismic surveying is used for reservoir
monitoring and management, as well as to identify bypassed “pay zones.” Through time-
lapsed surveys, the movement of oil, gas, and water in reservoirs can be observed. Postlease
deep seismic surveying may occur periodically throughout the productive life of a lease.

Effluent Discharges

The discharge of drilling muds and cuttings (10,542 bbl/exploratory well :and 7,436
bbl/development well [USEPA, 1993]) could impact biological resources of the Flower
Gardens particularly at drill sites located in blocks directly adjacent to the No Activity
Zones. Potential impacts include increased water column turbidity and local accumulations
of contaminants, causing the smothering of sessile benthic invertebrates, the short-term and
local mortality of planktonic organisms, reduced primary productivity, and the clogging of
the filter-feeding mechanisms or the respiratory surfaces of zooplankton. Yet, the degree of
such impacts would be restrained by discharge limitations set by the Topographic Features
Stipulation (namely the shunting requirement within the 4-Mile Zone) and the special
restrictions imposed by the USEPA general NPDES. |

Produced waters could also represent a significant potential source of impact on the biota
of topographic features, considering that they constitute the largest single discharge during
routine oil and gas operations (typically 68 bbl water/day gas well and 450 bbl water/day oil
well). The MMS records of produced water discharges for the eight leases within the 4-Mile
Zone indicate that from 1980 to 1997 a total of 42,675,158 bbl were discharged (average =
520,429 bbl water/yr; stdev = 656,542 bbl water/yr; n = 82) (1980 is the earliest record of
produced water in the 4-Mile Zone). Sixty percent of the total produced water discharge
occurred in the last four years. The USEPA general NPDES permit’s restrictions on the
discharge of produced water limit the impacts on biological resources of topographic
features. The recent evaluation of offshore produced-water discharges, conducted by Neff
(1997) during a bioaccumulation study approved by USEPA, assessed that metals discharged
in produced water would at worst affect living organisms found in the immediate vicinity of
the discharge, particularly those attached to the submerged portion of platforms. Arsenic,
in particular, was found to bioaccumulate in 25 percent of the fish analyzed (Neff, 1997).
Naturally occurring radioactive material in produced water was not found to bioaccumulate
in marine animals (2 species of molluscs, 5 species of fish). Polycyclic aromatic
hydrocarbons (PAH’s) in produced water can be toxic to organisms near the discharge point
and in underlying sediments, but because high molecular PAH’s are usually in such low
concentrations in produced water, they were found to pose little threat to marine organisms
and their consumers, and were anticipated not to biomagnify in marine food webs.
Monocyclic hydrocarbons and other miscellaneous organic chemicals are known to be
moderately toxic but do not bioaccumulate in marine organisms, and are not known to pose
a risk to their consumers. A detailed description of the impacts of produced waters on water
quality and seafloor sediments is presented in Section IV.D.1.a.(3) in USDOI, MMS (1997a).
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Oil Spills

Dodge et al. (1995) observed that a 2-m (7-ft) deep reef environment off the Caribbean
coast of Panama was negatively impacted by dispersed oil (probably at a concentration
greater than 10 ppm) compared to a control site and to a site exposed to oil alone. The oil
exposure reduced the cover of all reef organisms as much as 40 percent, particularly that of
live, substrate binding sponges. Ten years later, the same impacted sites regained or‘even
exceeded their respective pre-impact live cover. Guzman et al. (1991), however, found that
a prolonged exposure to oil alone, as well as a chronic exposure to oil, greatly depressed both
the coverage and growth rates of reef corals within a 6-m deep reef area along the Caribbean
coast of Panama. Also, Bak (1987) showed that reef corals on the shallow (4-6 m [13-20 ft])
southwestern shore of Aruba (Netherlands Antilles) had incurred mortality, decreases in live
coral cover (by as much as 70%), reductions of species diversity (as many as 10 out of 24
species missing), and reef structural changes over a 10- to 15-km (6- to 9-mi) downstream
shore length as a result of the exposure to long-term (1929-1985) and chronic oil spills,
dispersed oil, and refinery discharges. Diploria strigosa appeared to be more resilient to the
effects of oil pollution than other reef coral species, since its cover did not seem to be
affected by the pollutants. Therefore, it has been shown that oil as well as dispersed oil has
the potential to impact directly oiled reef coral communities substantially, particularly when
the exposure is chronic and long term. The time needed for the recovery of such impacted
reefs could exceed 10 years and would depend on the frequency and impact of future
human-made and natural disturbances. ‘

Oil spills potentially affecting the Flower Gardens and their biological communities
could result from surface and seafloor spills. Surface oil spills may occur as a result of
tanker spillages or platform spills. Spills on the seafloor could be caused by a pipeline
rupture or a well blowout. Both surface and subsurface spills could result in a steady
discharge of oil over a long period of time. Oil from a surface spill can be driven into the
water column; measurable amounts have been documented down to a 10-m (33 ft) depth,
although modeling exercises have indicated such oil may reach a depth of 20 m. At this
depth, the oil is found at concentrations several orders of magnitude lower than the amount
shown to have an effect on corals (Lange, 1985; McAuliffe et al., 1975 and 1981; Knap et
al., 1985). Because the crests of the Flower Gardens are found below 15 m (49 ft), no
concentrated oil from a surface spill could reach their sessile biota. Yet, a spill would
probably cause impacts on planktonic organisms in the upper 10 m of the water column,
including a temporarily reduced primary productivity, and the clogging of the filter-feeding
mechanisms or the respiratory surfaces of zooplankton, thereby causing their mortality.
Furthermore, turtles, cetaceans, elasmobranchs, and fish that surface or occupy the
uppermost portion of the water column could also be affected by spilled oil.

An Oil Spill Risk Analysis (OSRA) run by MMS for the northwestern Gulf' (500
locations) produced 3-, 10-, and 30-day spill contact probability contours (expressed in
percentages) encircling the Flower Gardens Sanctuary. These were run for each season and
for all seasons combined. Findings of the analysis led MMS to require that oil and gas
operations occurring within the 10 percent or higher, 3-day spill contact probability contour
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inform the Sanctuary of spills needing countermeasure responses. This would enable
initiation of the monitoring of the effects of the spilled oil on Sanctuary resources (Fig. 21).
The Sanctuary is not informed of spills not requiring countermeasures, as they probably do
not jeopardize Sanctuary resources. |

A subsurface oil spill (pipeline spill) could reach one or both of the Flower Garden Banks
and could impact biota contacted by the oil. Such impacts could be severe and long-lasting,
including loss of habitat, loss of biodiversity, loss of live coral coverage, destruction of hard
substrate, change in sediment characteristics, and reduction or loss of one or more
commercial and recreational fishery habitats. Because of these potential impacts, MMS
requires heightened pipeline safety measures, obligating operators in the 4-Mile Zone to,
shut-in pipelines when the pressures drop 10 percent below the normal low range (“10%
Pressure Safety Low”). Subsurface spills from pipelines or blowouts, however, could result
in the formation and settling of oil-saturated material, and oil-sediment particles could come
into contact with living animal or plant tissue. Yet, most of a subsurface spill should rise to
the surface, and any oil remaining at depth would probably be swept clear of the banks by
currents moving around the banks (Rezak et al., 1983). Should any of the spilled oil come
in contact with adult sessile biota, effects would be primarily sublethal, with few incidences
of actual mortality. The sublethal effects could, however, be long-lasting and affect the
resilience of coral colonies to natural disturbances (e.g., elevated water temperature,
diseases) (Jackson et al., 1989). Continental Shelf Associates, Inc. (1992) modeled the
potential impacts of a pipeline rupture using worst case scenario and assumptions (10,000
bbl spilled over 2-7 days) to maximize the estimates of dispersed oil concentrations reaching
four topographic features (East Flower Garden Bank, West Flower Garden Bank, MacNeil
Bank, and Rankin Bank). In their model, Continental Shelf Associates, Inc. estimated that
the worst case concentrations of crude oil reaching the four banks would be sublethal to the
corals and much of the other biota present. Continental Shelf Associates, Inc. (1994) also
investigated the potential effects of oil spilled from a platform-pipeline complex proposed
for installation near the Flower Garden Banks using a worst case scenario of high oil
concentrations. Twenty-four different spill scenarios from two platforms and three pipelines
were modeled (the maximum concentration of oil reaching the East Flower Garden Bank).
The most damaging scenarios resulting from this modeling effort included a 2,617-bbl/day
and a 1,000-bbl/day spill, both lasting 30 days and both occurring at the same platform
location. Although the model predicted no acute toxicity to reef coral colonies, the values
were within the range of acute toxicity to embryos and larvae of fish, corals, and other
invertebrates.

In 1996, the Regional Response Team for Region VI (including the coastal States of
Texas and Louisiana), in consultation with the Flower Gardens Sanctuary and MMS
approved, the use of chemical dispersants on surface oil spills in what had been named
“exclusion zones” of the northern Gulf such as the Flower Garden Banks National Marine
Sanctuary (revised Federal On-Scene Coordinator Preapproved Dispersant Use Manual--
Region VI Oil and Hazardous Substances Pollution Contingency Plan). Depending on the
toxicity of the dispersant used, tradeoffs to responding to surface oil spills using dispersants
include impacts on pelagic organisms and on the adult as well as the larval stages of benthic
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organisms on topographic features. Gulf of Mexico oil is usually dispersed with Corexit
9527 and would reach benthic communities at very low concentrations (less than 1 ppm),
taking into account the depth of the crests of topographic features (greater than 15 m [49 ft]),
the dilution by seawater, and the added dispersion by currents. Such low oil concentrations
would not be life threatening to larval or adult stages at depth (Fucik et al., 1994).
Dispersant use would probably not be approved during predicted coral spawning time
periods (e.g., August-September for major reef-building species) (Gittings et al., 1992b and
1994) in order to limit the impacts of oil pollution on the near-surface portion of the water
column. Otherwise, the use of dispersants would be encouraged to prevent direct oiling of
some members of the pelagics and seabirds, and to avoid the inhalation, consumption or
ingestion of toxic hydrocarbons (Gittings et al., 1997) by surfacing or surface-dwelling
animals. The dispersants would preferably be apphed to spilled oil in deep waters so as to
augment dilution and limit the effects of the spill on shallow water resources.

Blowouts

Oil or gas well blowouts are possible occurrences in the OCS. The benthic community
exposed to the large amounts of resuspended sediments following a subsurface blowout
could be subject to sediment smothering, exposture to resuspended toxic contaminants, and
light attenuation. Should oil or condensate be present in the producing reservoir, liquid
hydrocarbons could be an added source of negative impact on the benthic community (low-
molecular-weight gases would dissolve in the water column until saturation is reached). The
amounts of oil or sediments that settle vary as a function of their specific gravity, dilution,
dispersion, and response to currents (Brooks and Bernard, 1977). In most cases, currents
should sweep the impact-producing materials around a topographic feature rather than
deposit them on top of it (Rezak et al., 1983). The bulk of the blowout materials would be
redeposited within a few thousand meters of their source (sand would be redeposited within
400 m [1,312 ft] of the blowout site). The extent of the damage incurred by the benthic
community would depend on the amount and duration of exposure to sediments or oil.. The
consequences of a blowout directly on or near a topographic feature could last more than 10
years. Since the Topographic Features Stipulation precludes drilling in the No Activity
Zone, however, most adverse effects on topographic features from blowouts would likely be
prevented.

Structure Removal

The impacts of structure removal on the Flower Gardens could include water turbidity,
sediment resuspension and deposition, and explosive shock wave impacts. Both explosive
and nonexplosive removal operations would disturb the seafloor by creating turbidity.
Explosive methodologies generate considerably more turbidity. The deposition of
resuspended 'sediments would occur much in the same manner as discussed for discharges
of muds and cuttings and could smother and kill sessile benthic organisms. Turbidity could
both reduce light levels and obstruct filter-feeding mechanisms, leading to reduced
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productivity, susceptibility to infection, and mortality. The shock waves produced by
explosive structure removals could also harm neighboring biota. Corals and other sessile
invertebrates are apparently resistant to shock. O'Keeffe and Young (1984) described the
impacts of underwater explosions on various forms of sea life using, for the most part, open-
water explosions much larger than those used in typical structure removal operations. They
found that sessile benthic organisms such as barnacles and oysters, and many motile forms
of life such as shrimp and crabs that do not possess swim bladders, were remarkably resistant
to shock waves generated by underwater explosions. Oysters located 8 m (26 ft) away from
a detonation of 135-kg (298-lb) charges in open water incurred a 5 percent mortality. Crabs
distanced 8 m from the explosion of 14-kg (31-1b) charges in open water had a 90 percent
mortality rate. Few crabs died when the charges were detonated 46 m away. O'Keeffe and
Young (1984) also noted ". . . no damage to other invertebrates such as sea anemones,
polychaete worms, isopods, and amphipods.” Benthic organisms appear to ‘be further
protected from the impacts of subbottom explosive detonations by the very rapid attenuations
of the underwater shock wave traversing the seabed away from the structure being removed.
Theoretical predictions suggest that the shock waves of explosives set 5 m below the seabed
as required by MMS regulations would further attenuate blast effects. Charges used in OCS
structure removals are typically much smaller than some of those cited by O'Keeffe and
Young. The Programmatic Environmental Assessment for Structural Removal Activities
(USDOIL, MMS, 1987) predicts low impacts on the sensitive offshore habitats from platform
removal precisely because of the effectiveness of the Topographic Features Stipulation in
preventing platform emplacement in sensitive areas. Impacts on the biotic communities,
other than those on or directly associated with the platform, would be conceivably limited
by the relatively small size of individual charges (normally 22.7 kg [50 1b] or less per well
piling and per conductor jacket) and by the fact that charges are detonated 5 m (16 ft) below
the mudline and at least 0.9 seconds apart (timing needed to prevent shock waves from
becoming additive). The Topographic Features Stipulation precludes platform installation
in the No Activity Zone, thus preventing adverse effects from nearby removals. In the case
of the gas production platform located within the Sanctuary boundary (500 m [1,640 fi] away
from the bank), removal options include nonexplosive removal by cutting below the
mudline, and leaving a large portion of the platform in place to serve as an artificial reef.
Nonexplosive methods would favor the survival of fish populations associated with the
platform, as well as those from the bank that benefit from the presence of the platform
(Gittings et al., 1996).

Structure Emplacement

Structure emplacement and pipeline emplacement are other oil- and gas-related activities
that could resuspend sediments. The stipulation also prevents these activities from occurring
in the No Activity Zone, thus preventing most of these resuspended sediments from reaching
the biota of the banks. ‘ ‘
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b. Impacts on Endangered or Threatened Species
Marine Mammals

Cetaceans that frequent the Flower Gardens’ 4-Mile Zone could be impacted by the
degradation of water quality resulting from operational discharges, helicopter and vessel
traffic and noise, platform noise, explosive platform removals, seismic surveys, oil spills,
oil-spill response activities, accidental loss of debris from service vessels and OCS
structures, commercial fishing, capture and removal, and pathogens. The long-term result
of these exposures could be a number of chronic and sporadic sublethal effects (behavioral
effects and nonfatal exposure to or intake of OCS-related contaminants or discarded debris)
that may serve to stress and/or weaken individuals of a local group or population and make
them more susceptible to infection from natural or anthropogenic sources.

Few deaths of cetaceans would probably result from oil- and gas-related activities within
the 4-Mile Zone. Lethal effects, if any, could result from oil spills greater than 1,000 bbl,
chance collisions with OCS service vessels, ingestion of plastic material, commercial fishing,
and pathogens. Oil spills of any size would be irregular events that might be expected to
contact cetaceans. Deaths as a result of structure removals are not expected to occur because
of mitigation measures (namely the NMFS observer program). Disturbance (noise from ship
traffic and drilling operations, etc.) and/or exposure to sublethal levels of biotoxins and
anthropogenic contaminants may stress animals, weaken their immune systems, and make
them more vulnerable to parasites and diseases that normally would not be fatal. The net
result of any disturbance would be dependent upon the size and percentage of the population
likely to be affected, and environmental and biological parameters that influence an animal's
sensitivity to disturbance and stress (Geraci and St. Aubin, 1980). Collisions between
cetaceans and ships, though expected to be rare events, could cause serious injury or even
be fatal.

Sea Turtles

Impacts on sea turtles from oil and gas operations at the Flower Gardens could result
from effluent discharges, offshore traffic-generated noise, lights on structures, vessel
collisions, structure removals, seismic operations, marine trash and debris, and oil spills. In
addition to the impacts from oiling itself, oil-spill response activities could adversely affect
sea turtles. Impacting factors might include artificial lighting from night operations, booms,
and machine and human activity. Some of the resulting impacts from cleanup could include
entanglement in booms (Newell, 1995; Lutcavage et al., 1997). -

The gas production platform in HIES Block A-389 is the only platform that could be
considered for removal in the immediate vicinity of the Flower Gardens. Recent plans for
drilling at this platform (1998) may postpone the removal until the end of the 30-year life
expectancy of the platform (i.e., year 2015). Since this platform is located within the
Sanctuary boundary, it is expected that special protective measures will be used for its
removal to minimize impacts on protected resources, including turtles (Gittings et al., 1997).
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At worst, it is assumed that such a structure removal would cause only sublethal effects on
turtles as a result of the implementation of the MMS and NMFS guidelines for explosive
removals.

Sea turtles may be the animals most seriously affected by marine debris. In addition to
the incremental amount of trash and debris generated by the OCS oil and gas activities and
other users of the Gulf (e.g., commercial fishing) (Miller et al., 1995), marine debris is
carried into the Gulf and Atlantic via oceanic currents from other parts of the world (Plotkin
and Amos, 1988; Hutchinson and Simmonds, 1992). Turtles that consume or become
entangled in debris may die or become debilitated (O'Hara, 1989; USDOC, NMFS, 1989;
Heneman and the Center for Environmental Education, 1988). Monofilament line is the
most common type of debris that entangles turtles (NRC, 1990). Fishing related-debris is
involved in about 68 percent of all cases of sea turtle entanglement (e.g., netting, rope, traps)
(O'Hara and Iudicello, 1987). Floating plastics and petroleum residues drifting:on the sea
surface accumulate in Sargassum windrows commonly inhabited by hatchling sea turtles
during their pelagic stage; these materials could interfere with food passage, respiration, and
buoyancy, and could reduce the fitness of a turtle and/or kill it. Hatchling and juvenile sea
turtles would be most particularly imperiled by floating trash and debris as they are known
to be indiscriminate feeders, and are especially vulnerable to plastic bags (Lutz, 1990).

In a review of sea turtle debris ingestion and entanglement worldwide, Balazs (1985)
found that tar was the most common item ingested. The suspected cause of death of a
leatherback (female, 250 1b) found stranded in the northern Gulf was the ingestion of a
tarball (3 by 5 cm [1 by 2 in]) imbedded with particulate matter that had caused the necrosis
of its intestinal lining (Dr. David Owens, TAMU-Biology, pers. comm., 1997). High rates
of oiling of hatchlings netted from Sargassum rafts suggest that bloaccumulatlon may occur
over their potentially long lifespan. :

Oil spills can adversely affect sea turtles by toxic ingestion or blockage of the digestive
tract, inflammatory dermatitis, ventilatory disturbance, disruption or failure of salt gland
function, red blood cell disturbances, immune responses, and displacement from preferred
habitats (Witham, 1978; Vargo et al., 1986; Lutz and Lutcavage, 1989; Lutcavage et al.,
1995).

Sea turtles may become entrapped by tar and oil slicks and rendered immobile (Witham,
1978; Plotkin and Amos, 1988). In the past; tanker washings have been the main source of
this oil (Van Vleet and Pauly, 1987). Although disturbances may be temporary, long-term
effects remain unknown, and chronically ingested oil may accumulate in organs. . Exposure
to oil may be fatal, particularly to juvenile and hatchling sea turtles. Hatchling and small
juvenile turtles are particularly vulnerable to contacting or ingesting oil because the currents
that concentrate oil spills also form the debris mats in which these turtles are sometimes
found (Collard and Ogren, 1989; Witherington, 1994). Skin damage in turtles is in marked
contrast to that observed in dolphins, where all structural and biochemical changes in the
epidermis are minor and reversible. Changes in the skin are consistent with an acute,
primary contact or irritant dermatitis. The eye epithelium is most vulnerable to toxic
hydrocarbon substances (Dr. David Owens, TAMU-Biology, pers. comm., 1997). A break
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in the skin barrier could act as a portal of entry for pathogenic organisms, ‘leading to
infection, neoplastic conditions, and debilitation (Vargo et al., 1986).

c. Potential Impacts on Special Ecological Functions of the Flower Gardens

Operators of permitted oil and gas activities within the Flower Gardens area should take
into consideration the documented importance of the Flower Gardens as habitats supporting
the feeding, reproduction, and nursing of biota, and their significance as schooling grounds
and as migratory stopovers. The timing of industrial activities that would impact the
surrounding environment may be critical in achieving an optimal coexistence between
conservation and development. The summer reproduction of biota at the Flower Gardens
seems to stand out as one of the more impact-sensitive time periods (June-October). ' In
addition to the care with which industrial operations are run throughout the year, particular
caution should be applied during operations in the June to October period so as to ‘ensure the
successful replenishment and continuity of species at the Flower Gardens.  Further
information is needed to uncover what elasmobranchs do as they congregate at the Flower
Gardens during winter months, and what mechanisms and cues draw them to the Banks. In
the meantime, special precautions should be applied so as not to disturb sharks and rays from
schooling at the Flower Gardens. Disturbances most likely to affect these animals include
water quality alteration and noise production.
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APPEND]X 1. The Flower Garden Banks: A Chronology of
Research

The following bibliographies were compiled by Dr. Stephen Gittings (Manager,
Flower Garden Banks NMS) and are the most comprehensive list of scientific publications
on research conducted at the Flower Garden Banks. They also contain significant articles
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USA.
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The :Department of the Interior Mission

As the Nation's principal conservation agency, the Department of the Interior ‘has responsibility
for most of our nationally owned public lands and natural resources. This includes fostering
sound use of our land and water resources; protecting our fish, wildlife, and biological diversity;
preserving the environmental and cultural values of our national parks and historical places; and
providing for the enjoyment of life through outdoor recreation. The Department assesses our
energy and mineral resources and works to ensure that their development is in the best interests
of all our people by encouraging stewardship and citizen participation in their care. The
Department also has a major responsibility for American Indian reservation communities and for
people who live in island territories under U.S. administration. ‘

The Minerals Management Service Mission

As a bureau of the Department of the Interior, the Minerals Management Service's {MMS) primary
responsibilities are to manage the mineral resources located on the Nation's Outer Continental
Shelf {OCS), collect revenue from the Federal OCS and onshore Federal and Indian lands, and
distribute those revenues. ‘ ‘ ‘

Moreover, in working to meet its responsibilities, the Offshore Minerals Management Program
administers the OCS competitive leasing program and oversees the safe and environmentally
sound exploration and production of our Nation's offshore natural gas, oil and: other mineral
resources. The MMS Royalty Management Program meets its responsibilities: by ensuring the
efficient, timely and accurate collection and disbursement of revenue from mineral leasing and
production due to Indian tribes and allottees, States and the U.S. Treasury. 3

The MMS strives to fulfill its responsibilities through the general guiding principles of: (1) being
responsive to the public's concerns and interests by maintaining a dialogue with all potentially
affected parties and (2) carrying out its programs with an emphasis on working to enhance the
quality of life for all Americans by lending MMS assistance and expertise to economic
development and environmental protection. ‘ ‘
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