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instrumental neutron activation analysis
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Mississippi-Alabama-Florida
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National Oceanic and Atmospheric Administration
National Oceanographic Data Center
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optical backscatter

outer continental shelf

polycyclic aromatic hydrocarbon
photosynthetically active radiation
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remotely operated vehicle

selected ion monitoring

standard operating procedure

Texas A&M University

total inorganic carbon

total organic carbon

total petroleum hydrocarbons

uresolved complex mixture

U.S. Geological Survey
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Chapter 1
Executive Summary

This Annual Interim Report summarizes the second year of a four-year program to
characterize and monitor hard bottom features on the Mississippi/Alabama outer
continental shelf (OCS). The “Northeastern Gulf of Mexico Coastal and Marine
Ecosystems Program: Ecosystem Monitoring, Mississippi/Alabama Shelf” is being
conducted by Continental Shelf Associates, Inc. and the Geochemical and Environmental
Research Group of Texas A&M University, for the U.S. Geological Survey (USGS),
Biological Resources Division.

The program consists of an integrated suite of reconnaissance, baseline characterization,
monitoring, and process-oriented “companion studies.” Based on previous studies and
new geophysical reconnaissance, nine hard bottom sites in the Mississippi-Alabama
pinnacle trend area have been selected for study (Fig. 1.1). The central focus of the
program is monitoring of hard bottom community structure and dynamics. The potential
sensitivity of these communities to OCS oil and gas industry activities is of interest to the
Minerals Management Service (MMS), the client agency for whom the USGS is
administering this program. Other monitoring components (geological and
oceanographic processes) are needed to provide an understanding of the dominant
environmental processes that control or influence hard bottom community distributional
patterns, establishment, and development. These may include substrate characteristics
such as relief, microtopography, sedimentology, and contaminant levels, as well as water
column characteristics such as temperature, salinity, dissolved oxygen, near-bottom
current patterns, and the presence and extent of bottom nepheloid layers. In addition, two
companion studies have been designed to complement monitoring by providing
information on benthic recruitment and micro-habitat environmental influences on
community structure and dynamics.

Objectives

The overall goal of this program is to characterize and monitor biological communities
and environmental conditions at carbonate mounds along the Mississippi-Alabama OCS.
Specific objectives are as follows:

e To describe and monitor seasonal and interannual changes in community structure
and zonation and relate these to changes in environmental conditions (i.e., dissolved
oxygen, turbidity, temperature, salinity, etc.); and

e To characterize the geological, chemical, and physical environment of the mounds as
an aid in understanding their origin, evolution, present-day dynamics, and long-term
fate.
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Phases and Cruise Scheduling

The program consists of four phases, each lasting approximately 12 months:

e Phase 1: Reconnaissance, Site Selection, Baseline Characterization, Monitoring,
and Companion Studies;

® Phase 2: Monitoring and Companion Studies;
e Phase 3: Monitoring and Companion Studies; and
Phase 4: Final Synthesis.

Phase 1 included three cruises. Cruise 1A (November 1996) was a geophysical
reconnaissance of five megasites containing potential monitoring sites. Cruise 1B
(March 1997) was a visual reconnaissance to provide further data on a few candidate sites
that had little or no previous video or photographic data. The cruise also field tested the
remotely operated vehicle (ROV) and monitoring techniques. Cruise 1C (May 1997),
which was conducted after nine final study sites had been selected and approved, was the
first of four cruises during which monitoring and companion studies are to be conducted.
Activities during this first monitoring cruise included establishing fixed stations,
collecting samples and data, and deploying oceanographic and biological moorings.

Phase 2, the subject of this report, included two monitoring cruises that revisited the
stations established during Cruise 1C. These were Cruise M2 (October 1997) and
Cruise M3 (April-May 1998). (Cruise M3 began in April but operations were suspended
due to weather delays; it was completed in August 1998.) In addition, mooring service
cruises were conducted in July 1997 (S1), January 1998 (S2), and July 1998 (S3).
Monitoring and companion studies will continue during Phase 3 with Monitoring

Cruise M4 (currently scheduled for April-May 1999) and two additional mooring service
cruises.

This report is the second of three Annual Interim Reports summarizing the methods and
results of Phases 1-3. During Phase 4, a Final Synthesis Report will be produced in
which all findings will be summarized, analyzed, synthesized, and discussed in relation to
historical data from the region.

Site Selection

The contract specified that a total of nine sites be selected, including high (>10 m),
medium (5 to 10 m), and low (<5 m) relief sites in the eastern, central, and western
portions of the study area. Other factors considered in site selection were
representativeness, availability of existing video and photographic data, and previous oil
and gas industry activities. Site selection during Phase 1 involved the following steps:



® Megasite Selection. Prior to Cruise 1A, five large areas (“megasites”) were selected
for geophysical reconnaissance. The selection of the five megasites was based on
geophysical data collected during the Mississippi-Alabama Marine Ecosystems Study
(MAMES; Brooks 1991) and the Mississippi-Alabama Shelf Pinnacle Trend Habitat
Mapping Study (MASPTHMS; Continental Shelf Associates, Inc. 1992). The
megasites were selected because they were known to contain numerous features of
varying relief (candidate sites) and could be surveyed within the time and financial
constraints of the contract.

® Geophysical Reconnaissance and Preliminary Site Selection. During Cruise 1A, the
five megasites were surveyed using swath bathymetry, high-resolution side-scan
sonar, and subbottom profiler to produce detailed maps. After the initial survey of all
five megasites, small subsets were chosen for higher resolution mapping. After the
cruise, a list of candidate high, medium, and low relief features within the megasites
was prepared and the historical video and photographic data were tabulated. At this
point, three high relief and two medium relief sites were tentatively selected.

® Visual Reconnaissance. Three low relief sites and one medium relief site with little
or no previous video or photographic data were identified as needing visual
reconnaissance. During Cruise 1B, these features were briefly surveyed using an
ROV to determine whether a hard bottom community was present. All of the sites
visited during Cruise 1B were ultimately chosen as final sites.

® Final Site Selection. After the completion of Cruises 1A and 1B, the program
managers and key principal investigators prepared a final site list. Site selection was
discussed and approved during a teleconference with the USGS Contracting Officer's
Technical Representative, the Scientific Review Board, and the program principal
investigators.

Overview of Sampling Program

An overview of the sampling program, including mooring deployments and retrievals at
the monitoring sites, is provided in Table 1.1. During Cruise 1C (May 1997), subbottom
profiling was conducted to geophysically characterize each site in more detail than was
possible with the broad-scale geophysical reconnaissance (Cruise 1A). Grab samples
were collected for geological and geochemical analyses (see Chapters 4 and 6).
Hydrographic profiling was also conducted at each station, including
conductivity/temperature/depth (CTD), dissolved oxygen (DO), photosynthetically active
radiation (PAR), transmissivity, and optical backscatter (OBS) (see Chapter 7). Hard
bottom and fish community monitoring was conducted at each site using the ROV (see
Chapters 8 and 9). Monitoring included random video/photographic transects and
stations and establishment of fixed video/photoquadrats. Voucher specimens were also
collected at some sites to aid in species identification.



Table 1.1. Summary of activities conducted on each monitoring cruise and mooring service cruise.

Cruise and Date(s)

Site M3

1C (May 1997)  S1 (Jul 1997) M2 (Oct 1997)  S2 (Jan 1998) S3 (Jul 1998)
(Apr-May 1998)  (Aug 1998)

1 PHGVD@3) S(3) HGVSQ) S(3) HG V S(1)RQ) S(1)
d(1) d(1) r(1)

2 PHGV -- HGV - HG \% -
PHGV - HGV - HG \Y --

4 PHG VD) S(1) HGV (1) S(1) H G S(1) \Y S(1)
d(8) r(1) d(1) 1(3)

5 PHG VD) S(1) H GV S@) S(1) H S(1) DQ2) G S(3)
d(1) d(1)

6 PHGV -- HGV - H G -

7 PHGV - HGV - H GV -

8 PHGV -- HGV - H GV -

9 PHGVD(1) S(1) HGVS(Q) S(1) H S(1) GV S(1)
d(1) d(1) (1)

Abbreviations:

P = subbottom profiling

H = hydrographic profiling
G = grab sampling

V = video and photography

D(#) = deploy oceanographic mooring(s)
S(#) = service oceanographic mooring(s)
R(#) = remove oceanographic mooring(s)

d(#) = deploy biomooring(s)
r(#) = retrieve biomooring(s)



The overall program consists of repeating the Cruise 1C sampling on three subsequent
monitoring cruises (M2, M3, and M4). The only exception is the subbottom profiling at
each site, which will not be repeated.

Six physical oceanographic/sediment dynamics moorings were installed during Cruise 1C
(see Chapter 7). Three moorings were installed at Site 1, and one each at Sites 4, 5, and
9. Each site will have at least one oceanographic mooring in place throughout the study.
Two of the three moorings at Site 1 are “re-locatable” and were subsequently redeployed
at Site 5 on Cruise M3. Each mooring includes current meters at 4 and 16 meters above
bottom (mab), sediment traps at 2, 7, and 15 mab, and an instrument at 2 mab that
measures temperature, conductivity, DO, and turbidity.

Eleven “biomoorings” (moorings containing sets of settling plates) were also deployed
during Cruise 1C as part of the companion study of epibiont recruitment (see

Chapter 11). Eight were deployed at Site 4 and one each at Sites 1, 5, and 9. The
biomoorings at Sites 1 and 9 were retrieved during the continuation of Cruise M3
(August 1998); turbidity prevented retrieval of the Site 5 biomooring. Another set of
biomoorings was deployed at the same sites on Cruise S2 (January 1998) and will be
recovered on Cruise M4 (April-May 1999). The eight biomoorings at Site 4 are a
“time-series” experiment; the original plan was to retrieve one on each subsequent
Service Cruise and Monitoring Cruise until all eight were retrieved. However, as
explained below, this has been changed so that all biomoorings can be retrieved on
monitoring cruises when the ROV is present to cut the anchor line. One Site 4 mooring
was retrieved on Cruise M2 (October 1997) and redeployed on Cruise S2 (January 1998).
Three of the original Site 4 moorings were recovered on the continuation of Cruise M3
(August 1998) and the remaining five will be recovered on Cruise M4 (April-May 1999).

Chapter Summaries

The main body of the Annual Interim Report consists of Chapters 2 to 11. Chapter 2
(Introduction) discusses the rationale and historical background for the program and
summarizes program objectives, phases, components, and report contents and
organization. Site selection, a sampling program overview, cruise summaries, and data
management are described in Chapter 3. The remainder of the report consists of chapters
describing the individual components of the program. One-page summaries for

Chapters 4 through 11 are presented on the following pages.



Geologic Characterization (Chapter 4)

Investigators
W. Sager, W. Schroeder
Objectives Methods
e Define seafloor topography at/around each site ¢ Geophysical surveys (high-resolution side-scan
e Determine how topographic highs affect sediment sonar, swath bathymetry, subbottom profiler)
distribution ¢ Grain size analysis of grab samples
* Geologic characterization of sites, including ¢ Visual analysis of ROV photographs and
composition, origin, probable fate, roughness, and videotapes
friability e Analysis of rock samples (thin section
¢ Determine subtle differences of orientation, size, petrography, x-ray diffractometry, scanning
and morphology electron microscopy, electron microprobe, stable
e Characterize substrate isotopes, e dating) (few samples have been
¢ Determine the distribution of sediment types collected to date, and none analyzed)

Data Sets Discussed in this Report

¢ Geophysical data from Cruises 1A (November 1996) and 1C (May 1997)
e QGrain size data from grab samples from Cruise 1C (May 1997)
¢ Analysis of ROV photos and videotapes from Cruise 1C (May 1997)

Results and Discussion

Side-scan sonar mosaics of each megasite are presented, followed by summaries of megasite and
monitoring site bathymetry and megasite subbottom profiles. Geological characterizations of monitoring
sites are developed based on ROV photos and videotapes, as well as grain size data from grab samples.

From prior MMS-funded surveys, it was known that carbonate mounds were often clustered with sizes
ranging from several meters on a side to hundreds of meters wide and 10 to 18 m high. It was also known
that areas of high acoustic backscatter were associated with many mounds and that in some cases these
areas were preferentially located to the southwest of the mounds. This new study has emphasized and
broadened these findings. In addition, the study is beginning to produce a better understanding of the
relationship of backscatter to the mounds and the sediment characteristics.

Although it was known previously that many of the carbonate mounds are subcircular in plan view, new
side-scan sonar data show the details of mound flanks and co-occurrences with far greater resolution than
previously documented. These relationships are still being investigated.

The morphologic differences among mounds suggest differences in development. The low, wide carbonate
hard bottoms imply slow upward growth over a large area, perhaps indicating stable sea level or slow sea
level rise. It was previously speculated that such mounds grew at the shelf-edge during the slow sea level
rise after the last ice age, but now they are known to be even more widespread. The tall, steep-sided
“pinnacle” mounds suggest rapid growth during faster sea level rise. The widely-dispersed, shallower
mounds, which are highly variable in size and height, may represent a short period of sea level stabilization
in the middle of the deglaciation.

The newly acquired data also give insights about the location of mound formation. Prior data implied the
mounds formed atop erosional unconformities on the two mounds in the MAMES survey area. New data
have strengthened this observation. The data also imply that in some places, larger mound groups formed
on bathymetric scarps, as shown by depth offsets across these mounds. Both observations imply that the
mounds formed where suitable substrates were available.

Sediments at the monitoring sites are mainly sand, with a small and variable amount of clay. The sand-silt-
clay ternary diagram implies two end-members, sand and clay, that are intermixed. Since the sediments
currently being deposited in the region are fine clays, this could occur due to resuspension events that mix
clay with sand in sediments. A third component consists of gravel-sized fragments, usually shell fragments
or other biogenic debris. Gravel content is usually highest near mounds, indicating them as a source or
suggesting mound proximity is an important factor controlling the presence of organisms.




Sediment Dynamics (Chapter 5)

Investigator
[. Walsh
Objectives Methods
e Provide quantitative and qualitative measurements ¢ Vertically separated sediment traps (2 m, 7 m, and
of the extent and occurrence of the nepheloid layer 15 m above bottom)
¢ Determine sedimentation and resuspension rates ¢ CTD/transmissometer/OBS profiles on each cruise
¢ Determine how topographic highs affect present-day | » OBS instruments on current meter arrays
sedimentation e Trace metal, grain size and TOC/TIC analysis
¢ Determine temporal variations in sediment texture of sediment trap samples
e Relate short-term sediment dynamics to long-term o ROV observations
sediment accumulation

Data Sets Discussed in this Report

¢ Water column profiles: Cruise M2 (October 1997) and Cruise S2 (January 1998)
o Sediment trap data: First two intervals (May to July 1997 and July to October 1997)

Results and Discussion

While full analysis of the data remains to be completed, the data collected to date indicate that the
study site is an area of high spatial and temporal variability. Some regional trends are apparent
from the data set. The surface layer was characterized by low salinity and a local maximum in
the particle concentration reflecting biological activity during both the October 1997 and January
1998 cruises, with lower salinity and higher particle concentrations towards the west. A benthic
nepheloid layer (BNL) was present at all sites in all casts, though its intensity as measured by the
beam attenuation and the vertical gradient in attenuation was variable. The BNL was found to be
associated with lower bottom water temperatures during both cruises.

Sediment trap results from the first two mooring periods reflect the influence of resuspension at
the study sites, with fluxes increasing to the bottom for all moorings and time periods. Total
organic carbon (TOC) concentrations decreased towards the bottom, probably reflecting dilution
of fresher water column material with resuspended sediment. However, sediment TOC data
analyzed from these sites were higher than all but the 15 meters above bottom (mab) traps. At
this point no obvious explanation for this conundrum has presented itself.

The bulk flux ranged from 2 to 20 g m™ d”', with all of the fluxes in the 15 mab traps below

5 g m? d"! while all of the 2.5 mab traps recorded fluxes greater than S g m™ d”'. The highest
fluxes at all depths were found at Site 5, with decreasing fluxes from Sites 5 to 9 and the lowest
fluxes at Sites 1 and 4.

Comparing the two periods, the fluxes recorded were similar in the traps 15 mab but generally
higher in the deeper traps in the August to October period than in May to July. At Site 1 the three
moorings recorded similar fluxes at the 7 and 15 mab traps during the May to July period, with
increasing fluxes in the bottom traps. In the August to October period the 7 and 15mab traps
recorded higher fluxes than in the earlier period with a greater degree of variability in the 7mab
traps. The higher fluxes and higher variability between the two periods may reflect a higher
average bed shear stress between the two periods.




Geochemistry (Chapter 6)

Investigator

M. C. Kennicutt II

Objectives

¢ Document the degree of hydrocarbon and trace
metal contamination in the benthic environment
at each site

* Characterize the benthic abiotic environment at
each site to aid in determining the origins of

Methods

¢ Analysis of hydrocarbons [total petroleum
hydrocarbons (TPH), extractable organic matter
(EOM), polycyclic aromatic hydrocarbons
(PAH)], and trace metals (Al, Ba, Cd, Cr, Fe, Hg,
Pb, and Zn) in grab samples (Cruise 1C only)

sediment and to define the relationship between
sediment texture and biological patterns

e Analysis of total organic carbon (TOC) and total
inorganic carbon (TIC) in grab samples

¢ Trace metal and TOC/TIC analysis of sediment
trap samples

Data Sets Discussed in this Report

e Grab samples from Cruise 1C (May 1997) analyzed for hydrocarbons, trace metals,
and TOC/TIC
¢ Grab samples from Cruise M2 (October 1997) analyzed for TOC/TIC

Results and Discussion

Measures of sediment hydrocarbons at the sites were low and relatively uniform. Little or no
evidence of petroleum related hydrocarbons was observed at any of the nine study sites. The
slight increase in EOM and PAH towards the west most likely represents a general fining of
sediments. Trace metals indicative of contamination were observed to be at or near background
levels at all sites as well. In particular, barium, a tracer of drill mud discharges, was observed to
be at background levels with only a very few samples that might be interpreted as slightly
elevated. The slight increase in a few metals (Ba, Cr, Fe, Zn) towards the west also most likely
represents a general fining of sediments. In conclusion, the sediments collected at the study sites
exhibited little or no evidence of a significant history of contamination from drilling related or
other activities and only a slight geographic trend in concentrations.

Heterogeneous distributions of organic and inorganic carbon in sediments were observed. The
relationships between environmental conditions and sediment composition is unclear. Significant
variability in sediment carbon content was apparent between cruises, most likely representing
small scale heterogeneity in sediments at the sites.




Physical Oceanography/Hydrography (Chapter 7)

Investigators
F. Kelly, N. Guinasso, Jr.
Objectives Methods
e Characterize the regional and local current * Moored instrument arrays (currents, conductivity,
dynamics in the study area temperature, dissolved oxygen, turbidity,
¢ Determine the dynamics of important environmental sediment traps)
parameters including temperature, salinity, ¢ CTD/DO/transmissivity/PAR/OBS profiles
dissolved oxygen, and turbidity ¢ Collateral data (satellite imagery, meteorological
e Define the relationship of the current dynamics and observations, etc.)
environmental parameters to the geological and
biological processes of the pinnacle features

Data Sets Discussed in this Report
¢ Hydrographic profiles from first four cruises: 1C (May 1997), S1 (July 1997), M2 (October 1997), and
S2 (January 1998)
e Instrument mooring data from first three intervals: May to July 1997, July to October 1997, and
October 1997 to January 1998

Results and Discussion

The current meters at 16 meters above bottom (mab) measure the mesoscale flow just above the pinnacles.
Across the entire pinnacle study region there was substantial similarity in the observed flow fields. During
the first deployment interval, the principal direction sectors were east and northeast. Maximum speeds
were in the 30 to 40 cm/s range, but occurred briefly and infrequently. During the second deployment
period (mainly August and September), flow at 16 mab was generally weaker and more directionally
variable. The principal direction sectors of east and northeast were balanced to some degree by currents in
the south and southwest sectors. Maximum speeds were in the 25 to 30 cm/s range. During the third
deployment period (mainly October through January) currents were more energetic than during the
previous two periods. Currents were greater than 20 cm/s more frequently, but maximum speeds were still
in the 30 to 40 cm/s range. The principal direction sectors were still east and northeast, but vector means
were low because flow was to the south and southwest a significant amount of the time.

Compared with the flow at 16 mab, the near-bottom flow at 4 mab was more site specific. Bottom friction
and the local topography influenced flow. The most frequent direction octants were those with a southerly
component. Average scalar speeds were comparable at times to those at 16 mab, and mean vector speeds
sometimes exceeded the overlying flow because of greater directionality.

Time series of dissolved oxygen and turbidity were collected at each mooring. Dissolved oxygen values
were generally near or above 4 mg/L, except at Site 5, the shallowest site, during the second deployment
period. At this site, values were below 3.0 mg/L much of the time and fell below 2.0 mg/L during 18 to
28 August and S to 13 September. Turbidity values were generally quite low, i.e., 0 to 2 nephelometric
turbidity units (NTU), with brief periods during which turbidity rose to the 2 to10 NTU range.

Temperature from the instrument moorings followed a seasonal trend with superimposed variability caused
by advective changes from tidal and inertial currents and possible intrusions by mesoscale water mass
motion. Salinity ranged from 34.0 to 36.8 but generally was in the 36.2 to 36.4 range. Values above

36.5 suggest possible intrusion of Loop Current related water.

Vertical profiles showed almost all the water sampled on the four cruises had a density less than 26.25
sigma-theta. During Cruise 1C, Sites 5 and 6 had surface salinities below 30. The other sites had surface
salinities as low as 33.5 and bottom water salinities close to 36.4. During Cruise S1, the setting was very
different; no salinities below 34.5 were observed. Bottom salinities were around 36.2 to 36.4 with a
salinity maximum of around 36.6 at midwater depths. During Cruise M2, bottom salinities were between
36.4 and 36.5. Lowest salinities were at Site 1 where the surface mixed layer was around 34.6. During
Cruise S2, bottom salinities varied between 35.8 to just above 36. Lowest salinities were at Site 9 where
the surface layer, extending to 5 m depth, was about 33.
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Hard Bottom Communities (Chapter 8)

Investigators
D. Hardin, K. Spring, B. Graham, S. Viada

Objectives

» Describe hard bottom community structure and
seasonal dynamics at each site

Methods

» Random video/photographic transects and
stations (ROV)

¢ Identify differences in hard bottom community
structure among sites differing in relief
(high/med/low) and location (east/central/west)

e Understand relationships between community
structure and environmental parameters such as
small-scale habitat variability, rock type,
sediment cover, turbidity, and other geologic and
oceanographic variables

¢ Fixed video/photoquadrats (ROV)
o Collection of voucher specimens (ROV)

Data Sets Discussed in this Report
e Videotapes and photographs from Cruise 1C (May 1997)

Results and Discussion

A total of 790 randoim photoquadrats was analyzed from Cruise 1C. Most sites had at least 98
photoquadrats for analysis, but all but six photographs at Site 9 were rejected due to turbidity.
Compiling the 10 most abundant taxa at each site yielded a list of 43 numerically dominant taxa.
Cnidaria was the most-represented phylum with 13 taxa of octocorals, 10 of ahermatypic corals,
4 of antipatharians, and single taxa of hermatypic corals and actinarians (anemones). Porifera -
was next with five taxa, followed by Ectoprocta with four taxa. Ahermatypic corals had the
highest mean density of 327.97 organisms/m? over all sites, due to the numerlcal dominance of
Rhizopsammia manuelensis. Octocorals were second with 9.43 organisms/m?, followed by
poriferans, ectoprocts, and antipatharians with 5.30, 3.17, and 2.75 organisms/m?, respectively.
Densities and numbers of taxa at each site were highly variable.

Little of the biological variation among sites is apparently due to water depth, vertical relief;
distance from the Mississippi River, or suspended sediment flux. Only 8 of the 21 taxa recorded
at six or more sites had statistically significant regression coefficients for any of these physical
variables, and there was no consistent pattern to the results. However, density of the numerically
dominant R. manuelensis increased with proximity to the Mississippi River.

Significant correlations occurred between 20 pairs of taxa. Highly significant correlations among
Antipathes ?furcata, Ellisellasp., and the large white solitary scleractinian are probably the result
of their common significant positive association with depth. The tan-purple solitary scleractinian,
the white solitary scleractinian, ? Paracyathus pulchellus, and Madracis myriaster were also
significantly correlated, but with no apparent effect of the four physical variables.

Despite the preliminary nature of the results, several findings conflict with those reported by
others. For example, Gittings et al. (1992b) reported abundances of Rhizopsammia and overall
organism abundances were positively related to distance from the Mississippi River at a range of
27 to 70 km, but the new data indicate abundances of this species and the combined densities of
the 43 dominant taxa are negatively related to distance from the river at a range of 70 to 145 km.
It is not known whether this contradiction is enigmatic or whether it indicates abundance maxima
at approximately 70 km from the Mississippi. Also, the results do not indicate increases in the
density of epibiota or number of taxa with increasing vertical relief. However, this preliminary
analysis focused on between-site variations, whereas the physical and biological variations within
sites may be nearly as large as those between sites. The more detailed statistical analyses planned
for future reports should help address these questions.
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Fish Communities (Chapter 9)

Investigator
D. Snyder
Objectives Methods
¢ Describe fish community composition and temporal | e Analysis of video and photographs from hard
dynamics at each site bottom community monitoring (ROV)

e Identify differences in fish community composition | e Literature review of trophic relationships
among sites differing in relief and location

e Understand relationships between fish communities
and environmental parameters such as small-scale
habitat variability, rock type, sediment cover, etc.

¢ Identify trophic relationships among fishes, as well
as between fishes and the epibenthic community

Data Sets Discussed in this Report
e Videotapes and photographs from Cruises 1C (May 1997) and M2 (October 1997)

Results and Discussion

Videotapes and still photographs from the first two monitoring cruises revealed a total of 69 fish
taxa from 28 families. The most speciose families were sea basses (Serranidae), squirrelfishes
(Holocentridae), lizardfishes (Synodontidae), jacks (Carangidae), wrasses (Labridae), and
butterflyfishes (Chaetodontidae). The most frequently occurring taxa in video transects for the
combined cruises were roughtongue bass (Pronotogrammus martinicensis), short bigeye
(Pristigenys alta), bank butterflyfish (Chaetodon aya), and red barbier (Hemanthias vivanus).

The most commonly occurring species represent the deep reef fish assemblage reported for water
depths of 50 to 100 m in the western Atlantic. Similar species have been reported by previous
investigations of the pinnacle features, off the southeastern U.S., within the lower portion of the
Algal-Sponge Zone of the West Flower Garden Banks in the northwestern Gulf of Mexico, and
near the head of De Soto Canyon. The total of 69 taxa represents about half of the fish fauna
known from the hard banks and reefs of the northern Gulf of Mexico.

Streamer basses (e.g., roughtongue bass and red barbier) probably numerically dominate the
pinnacle habitats. These species feed upon plankton and were commonly observed hovering
above the substrate picking plankton from the water column. Streamer basses provide forage for
a number of piscivorous species (e.g., amberjacks, groupers, sharks, and mackerels).

A cluster analysis did not resolve distinctive patterns with respect to location and relief.
Ordination showed some weak differences related to location, with eastern samples separating
from central and western samples. Also, western samples showed more variability than the
eastern or central samples. Qualitative data on the scale of the study area as used here may be too
coarse to resolve any differences or similarities that may exist among the sites with respect to
location or relief. A closer examination, at the level of transects within sites, along with an
analysis of substrate preference of the dominant species, will be undertaken for the final synthesis
report. This approach should provide greater insight into the processes structuring these
assemblages.
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Companion Study: GIS and Micro-Habitat Studies (Chapter 10)

Investigator
I. MacDonald
Objectives Methods
e To integrate physical measurements with ¢ Geographic information system (GIS) techniques are
biological observations being used to integrate available data into consistent
¢ To combine descriptive statistics from the map formats and standardized displays.
hard bottom community structure and o Subsets of all bathymetric data were compiled in 300
dynamics effort with the micro-habitat by 300 m areas centered on the pinnacle or pinnacles
categorizations in a cross-cutting design within each site. The data were fitted to a 1 m grid.
e To provide a control on the within-site The 300 by 300 m grids were then contoured to
variability of the sessile community that can provide base maps of each site.
be used to determine the influence of abiotic | ¢ A simple flow model was derived as a preliminary
factors --particularly current direction and step toward using regional current meter data in
the effect of pinnacle slope on current conjunction with a realistic hydrodynamic model to
intensity approximate current flow on a scale that is compatible
with the spatial resolution of other data sets. The
mode] provides a crude approximation of current
intensity on a several meter scale across each site.

Data Sets Discussed in this Report

e The ARC View GIS completed for this report incorporated data from Cruise 1A (November
1996), Cruise 1B (March 1997), and Cruise 1C (May 1997) as well as limited information from
Cruise M2 (October 1997) (sediment grabs). For this report, GIS was used to determine the
average exposure to currents at random photo stations in Megasite 1 as a demonstration of the
application.

Results and Discussion

Plots of relative current exposure were prepared for Sites 1, 2, and 3. Generally, the plots show a
relatively uniform exposure in the middle range, with localized pockets of relatively higher or
lower exposure. Overall, the values suggest that bathymetry exercises the greatest influence to
create variable current exposure at Site 2, where the spread of random photo stations
encompasses all sides of the pinnacle. At Site 1, the high relief site, much of the actual study area
is the flat top of the pinnacle, which was toward the up-current side of the site. There were,
however, areas of apparent shadowing on the northwest margin of the feature. As might be
expected, the low relief site showed the least variability at spatial scales that could be detected in
the bathymetric grid. It is likely that more pronounced differences in current exposures do
occur--on the up-current and down-current sides of a boulder for example--but it is not possible to
model these differences with the available bathymetric data.

This highly simplified model does not take into account differences due to turbulent flow across
the pinnacles. Nor does it delineate topographic steering that evidently occurs in the near-bottom
layer. Data presented in Chapter 7 show that the uniform current vector in Megasite 1 was
consistently to the northeast throughout the first deployment period. A mean current vector
would be less valid for determining exposure if there were frequent reversals in flow direction as
occurred during subsequent intervals. The data do show which regions of the sites would be most
prone to local turbulence.
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Companion Study: Epibiont Recruitment (Chapter 11)

Investigator
P. Montagna
Objectives Methods
e To document the process of larval Settling plates are attached to “biomoorings.” The major
settlement, growth, and community elements of the settling plate experiment studies are:
development of hard bottom epibiota 1. Spatial study with biomoorings deployed at four sites (1, 4,
e To test hypotheses about the effects of 5, and 9). for about 16 months (May 1997 to August 1998)
location, height above bottom, 2. Replication of the spatial study for a second 16 month
duration of deployment, surface period (January 1998 to April 1999)
texture, predation, and water flow on 3. Two settling surface treatments: hard and soft
recruitment 4. Three settling plate treatments: uncaged (U), caged (C),
and partially caged (P)
5. Three heights above the bottom (0, 2, and 13 m)
6. Time series study at Site 4, with eight biomoorings
deployed initially (May 1997), one retrieved after
6 months (October 1997) and redeployed in January 1998,
three retrieved after 16 months (August 1998) and the
remaining five retrieved after 24 months (April 1999)

Data Sets Discussed in this Report

« The first time-series biomoorings were deployed on Cruise 1C (May 1997), and a single
biomooring from Site 4 was retrieved on Cruise M2 (October 1997). These are the only data
available for this report.

Results and Discussion

The biomass of organisms was small, diversity was low, and total coverage of organic matter was
extensive. The organic matter was primarily due to bryozoan colonies that comprised an average
of 94% of total coverage on the settlement plates. While the sample size is too small to calculate
statistical significance, it is worth noting that both total coverage and bryozoan colony coverage
were less in the caged (C) treatments than in the uncaged (U) treatments. Total polychaete -
coverage, however, was greater in the caged (C) treatments.

Because coverage was comprised almost entirely of small, filamentous bryozoan colonies, it is
interpreted as an early succession community.- Generally, low diversity, opportunistic (or
r-selected) species, high growth rates, and small animals characterize early succession. In
contrast, late succession communities are characterized by high diversity, specialized slow-
growing (or k-selected), and large species. Gross recruitment rates of organisms other than
bryozoans in the pinnacle habitat were extremely low.

Several differences were noted between treatments. Polychaetes other than serpulids increased in
the caged treatments. These polychaetes were larger than the serpulid worms, and their large size
may make them more vulnerable to predation. In contrast, serpulid worms were not affected
negatively by predation.

None of the organisms appeared to be affected by small-scale turbulence produced by the caging
material because all had positive recruitment rates relative to water flow. This is surprising
because small-scale turbulence has been shown to have an impact on vertical and horizontal
distributions of organisms in deep-water environments.
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Chapter 2
Introduction

This Annual Interim Report summarizes the second year of a four-year program to
characterize and monitor hard bottom features on the Mississippi/Alabama outer
continental shelf (OCS). The study area is shown in Fig. 2.1. The “Northeastern Gulf of
Mexico Coastal and Marine Ecosystems Program: Ecosystem Monitoring,
Mississippi/Alabama Shelf” is being conducted by Continental Shelf Associates, Inc. and
the Geochemical and Environmental Research Group of Texas A&M University, for the
U.S. Geological Survey (USGS), Biological Resources Division.

The program consists of an integrated suite of reconnaissance, baseline characterization,
monitoring, and process-oriented “companion studies.” Based on previous studies and
new geophysical reconnaissance, nine hard bottom sites in the Mississippi-Alabama
pinnacle trend area have been selected for study. The central focus of the program is
monitoring of hard bottom community structure and dynamics. The potential sensitivity
of these communities to OCS oil and gas industry activities is of interest to the Minerals
Management Service (MMS), the client agency for whom the USGS is administering this
program. Other monitoring components (geological and oceanographic processes) are
needed to provide an understanding of the dominant environmental processes that control
or influence hard bottom communities. These may include substrate characteristics such
as relief, microtopography, sedimentology, and contaminant levels, as well as water
column characteristics such as temperature, salinity, dissolved oxygen, near-bottom
current patterns, and the presence and extent of the bottom nepheloid layer. In addition,
two companion studies have been designed to complement monitoring by providing
information on key ecological processes such as benthic recruitment, growth, and
community dynamics.

Background

The Mississippi-Alabama pinnacle trend area has been described as an important multiple
use area for human commerce, fisheries harvest, recreation, and other activities, including
oil and gas exploration and development (Texas A&M University 1990). The area has
historically been of importance to adjacent states because of heavy demands placed on its
natural resources for marine transportation, dredge dumping, and commercial and
recreational fishing. Because of the petroleum industry's interest in the area and the
potential for environmental impacts, an understanding of hard bottom communities and
the dominant environmental processes that influence the system is critical.

Fig. 2.2 shows locations of previous hard bottom surveys and studies in the region. The
pinnacle trend area was first reported by Ludwick and Walton (1957), who documented a
1.6 km wide band of shelf-edge prominences in water depths ranging from 68 to 101 m.
The pinnacles typically had a vertical relief of about 9 m, with some having over 15 m
relief. Subsequent pinnacle observations were reported during oil and gas lease block
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surveys by Woodward-Clyde Consultants (1979) and Continental Shelf Associates, Inc.
(1985a). Two major mapping/characterization studies in the pinnacle region were
subsequently funded by the MMS: the Mississippi-Alabama Marine Ecosystems Study
(MAMES) (Brooks 1991) and the Mississippi-Alabama Shelf Pinnacle Trend Habitat
Mapping Study (MASPTHMS) (Continental Shelf Associates, Inc. 1992). MAMES
included new field studies and provided a detailed synthesis of existing regional
information about water masses and circulation, sediment characteristics and
contaminants, water column biota, and soft bottom benthic communities including
demersal fishes. However, information on pinnacle communities and related hard bottom
features consisted mainly of descriptive observations from reconnaissance surveys.

At the conclusion of MASPTHMS, Continental Shelf Associates, Inc. (1992) identified
several data needs. These included investigations to determine the origin, current state,
and probable future of these structures, both biologically and geologically; investigations
concerning the geographic and temporal distribution of turbidity/nepheloid layers that
may occur throughout the Mississippi-Alabama shelf; and studies of species tolerance to
various abiotic parameters such as turbidity.

The National Research Council (1992) has identified six objectives of obtaining
information for assessing the environmental impacts of OCS oil and gas activities:

1. Characterization of major habitat types.

2. Identification of representative species (or major species groups) in the area of
interest.

3. Description of seasonal patterns of distribution and abundance of representative
species.

4. Acquisition of basic ecological information on key or representative species (e.g.,
trophic relationships, habitat requirements, and reproduction).

5. Determination of basic information on factors that determine the likelihood that
various populations and communities would be affected by OCS activities, and the
potential for recovery.

6. Determination of potential effects of various agents of impact (e.g., spilled oil,
operational discharges, noise, and other disturbances).

Previous reconnaissance efforts in the pinnacle region have addressed the first two goals,
by providing a characterization of major habitat types and identification of representative
species. However, information is lacking on seasonal patterns of distribution and
abundance, basic ecological information on key or representative species, and factors that
determine the likelihood of impacts from OCS activities (e.g., tolerance to natural
turbidity due to the presence of a nepheloid layer). The current program is intended to
help address goals (3) through (5) above. Goal (6) would involve additional applied
studies such as laboratory toxicity tests or monitoring around production platforms, and is
beyond the scope of this program.
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Commenting specifically on benthic processes, the National Research Council (1992)
noted that “understanding of spatial and temporal variability in continental shelf habitats
is limited, and there is little understanding of the relative vulnerability of the habitats to
environmental impacts of OCS oil and gas activities.” The report further noted that “the
need for only broad-scale survey work has passed. Future research should focus on
process-oriented programs designed to evaluate mechanisms that control the distribution
of populations and communities, such as trophic links between benthic habitats and
pelagic communities. The processes by which and the rates at which populations recover
from disturbance must be understood in all habitats affected by OCS-related activities.”

Multidisciplinary “ecosystem” studies of hard bottom communities have been conducted
on the South Atlantic OCS (Marine Resources Research Institute 1984) and Southwest
Florida shelf (Continental Shelf Associates, Inc. 1987a; Environmental Science and
Engineering et al. 1987; Phillips et al. 1990). These studies provided broad-scale
characterization of biological communities, information on seasonal dynamics and
relationships to environmental variables, and some understanding of ecological
interrelationships and processes. For example, the Southwest Florida Shelf Ecosystems
Study included process-oriented studies involving sediment traps, time-lapse cameras,
and colonization plates, as well as coordinated primary productivity studies. More
recently, an integrated suite of monitoring and process-related studies of hard bottom
communities has been conducted during the California OCS Monitoring Program
(Steinhauer and Imamura 1990; Hardin et al. 1994; Science Applications International
Corporation 1995). The current program similarly involves an integrated,
interdisciplinary approach. The results will afford an opportunity to understand processes
affecting the dynamics of pinnacle trend hard bottom communities and potentially
determining their susceptibility to impacts from OCS activities.

Ultimately, the information from this program may be used to aid in OCS leasing
decisions and to evaluate potential lease stipulations to protect pinnacle communities
during petroleum exploration and development. A series of studies during the 1970's and
1980's resulted in a biological community-based classification scheme for the Flower
Garden Banks and northern Gulf hard banks (Rezak et al. 1985). These studies also
documented the extent and importance of the nepheloid layer in controlling the
composition of hard bottom communities. Biological, geological, and oceanographic
data from these studies were used to develop lease stipulations, including shunting
requirements and no-discharge zones near certain banks, which have been used
successfully for many years in the northern Gulf of Mexico.
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Objectives

The overall goal of this program is to characterize and monitor biological communities
and environmental conditions at carbonate mounds along the Mississippi-Alabama OCS.
Specific objectives are as follows:

® To describe and monitor seasonal and interannual changes in community structure
and zonation and relate these to changes in environmental conditions (i.e., dissolved
oxygen, turbidity, temperature, salinity, etc.); and

® To characterize the geological, chemical, and physical environment of the mounds as
an aid in understanding their origin, evolution, present-day dynamics, and long-term
fate.

Phases

The program consists of four phases, each lasting approximately 12 months:

® Phase 1: Reconnaissance, Site Selection, Baseline Characterization, Monitoring,
and Companion Studies;

® Phase 2: Monitoring and Companion Studies;
Phase 3: Monitoring and Companion Studies; and
® Phase 4: Final Synthesis.

The flow of events is summarized in Fig. 2.3 and the schedule is given in Fig. 2.4.

Phase 1 included two reconnaissance cruises (Cruise 1A, November 1996; and Cruise 1B,
March 1997) followed by final site selection (April 1997) and the initiation of monitoring
and companion studies on Baseline Characterization and Monitoring Cruise 1C (May
1997).

Phase 2 included two monitoring cruises, M2 (October 1997) and M3 (April 1998).
(Cruise M3 began in April but was shut down due to weather delays; it was completed in
August 1998.) In addition, mooring service cruises were conducted in July 1997 (S1),
January 1998 (S2), and July 1998 (S3). Monitoring and companion studies will continue
during Phase 3 with Cruise M4 (currently scheduled for April-May 1999) and

two mooring service cruises.

At the end of each of the first three phases, Annual Interim Reports will be produced
summarizing methods and results. Finally, during Phase 4, a Final Synthesis Report will
be produced in which all data collected during Phases 1 through 3 will be summarized,
analyzed, synthesized, and discussed in relation to historical data from the region.
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Mooring Service Cruise S1
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Phase 2 - Monitoring
Monitoring Cruise M2
Mooring Service Cruise $2
Monitoring Cruise M3 *
Mooring Service Cruise 83
Draft/Final Annual Interim Report (Year 2)
Phase 3 - Monitoring
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Fig. 2.4. Program schedule and milestones.



Components

The program consists of an integrated suite of monitoring and process-oriented
companion studies to be conducted at the nine sites during Monitoring Cruise 1C, M2,
M3, and M4. Table 2.1 summarizes the monitoring components and companion studies,
including objectives, methods, and principal investigators.

Four monitoring components form the core of the program. These are hard bottom
communities, fish communities, geology/sediment dynamics/geochemistry, and physical
oceanography/hydrography. Hard bottom and fish community monitoring consists
mainly of video and photographic sampling at each site. These data will help us to
understand spatial and temporal variability within sites and will allow statistical
comparisons among sites differing in relief, water depth, and proximity to the Mississippi
River (among other factors). Geophysical surveys and data from laboratory analysis of
grab samples and rock collections will be used to characterize the seafloor topography,
sedimentology, and geochemistry (including contaminant levels) at each site and help to
understand the origin, developmental history, and probable fate of the pinnacle features.
The geological component also includes monitoring of nepheloid layer dynamics using
sediment traps, transmissometer and optical backscatter profiles, and optical instruments
on moored arrays. The data will be a critical factor in interpreting hard bottom biology,
because the nepheloid layer is known to be a major influence on hard bottom community
zonation in the northern Gulf of Mexico (Rezak et al. 1985). Physical oceanographic and
hydrographic data are needed to understand both the geological and biological processes
of the pinnacle features. Data from moored instrument arrays, hydrographic profiles, and
collateral sources will allow a characterization of regional and local current dynamics and
help understand the dynamics of important environmental parameters including
temperature, salinity, dissolved oxygen, and turbidity. Currents and hydrographic
variables are potentially important direct and indirect influences on hard bottom
communities and could account for differences both within and between sites.

The two companion studies are designed to complement monitoring by providing
information on key ecological processes such as benthic recruitment, growth, and
community dynamics. The first, Micro-Habitat Studies, involves independent analysis of
photographs and video collected during hard bottom community monitoring in relation to
geological and oceanographic data. The analysis will focus on fine-scale factors such as
microtopography, orientation, substrate characteristics, small-scale current patterns, and
gradients in chemical contaminants. Techniques will include statistical analysis,
modeling, and fine-scale mapping using geographic information systems (GIS). The
second companion study focuses on Epibiont Recruitment. Through the use of settlement
plates deployed on moored arrays, this study will document the process of larval
settlement, growth, and community development of hard bottom epibiota. Experimental
enclosures will be used to evaluate effects of predation and disturbance.
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Table 2.1. Summary of program components.

Component

Objectives

Methods

Principal Investigators

Geology/Sediment Dynamics/Geochemistry

Site Characterization

Mound History

Sediment Dynamics

Sediment Geochemistry

Physical Oceanography/
Hydrography

Define seafloor topography at/around each site
Determine how topographic highs affect sediment
distribution

Geologic characterization of sites, including composition,
origin, probable fate, roughness, and friability

Determine subtle differences of orientation, size, and
morphology

Characterize substrate

Determine the distribution of sediment types

Determine the origin of calcareous mounds
Determine developmental history of the mounds
Predict the future fate of the mounds

Provide quantitative and qualitative measurements of the
extent and occurrence of the nepheloid layer

Determine sedimentation and resuspension rates
Determine how topographic highs affect present-day
sedimentation

Determine temporal variations in sediment texture
Relate short-term sediment dynamics to long-term
sediment accumulation

Degree of hydrocarbon and trace metal contamination in
the benthic environment at each site

Characterize the regional and local current dynamics in
the study area

Determine the dynamics of important environmental
parameters including temperature, salinity, dissolved
oxygen, and turbidity.

Define the relationship of the current dynamics and
environmental parameters to the geological and
biological processes of the pinnacle features.

Geophysical surveys (high-resolution
side-scan sonar, swath bathymetry,
subbottom profiler)

Grain size analysis of grab samples
Visual and laboratory analysis of
photographs and rock samples
Analysis of rock samples (thin section
petrography, x-ray diffractometry,
scanning electron microscop}"{ electron
microprobe, stable isotopes, ~C dating)

ROV rock collections

Analyze using thin section petrography,
x-ray diffractometry, scanning electron
microsco! Vs electron microprobe, stable
isotopes, C dating

Vertically separated sediment traps
CTD/transmissometer/OBS profiles
Optical instruments on moored arrays
ROV observations

Trace metal and grain size analysis of
sediment trap samples

Hydrocarbon and trace metal analysis of
grab samples (Phase 1)

TOC/TIC analysis of grab samples and
sediment trap samples

Moored instrument arrays (currents,
suspended sediments, conductivity,
temperature, and dissolved oxygen, sed.
traps)

CTD/DO/transmissivity/OBS profiles
Meteorological observations

Collateral data (satellite imagery, etc.)

W. Sager
W. Schroeder
D. Benson

W. Sager
W. Schroeder

1. Walsh

M. Kennicutt

F. Kelly
N. Guinasso
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Table 2.1. (continued).

Component

Objectives

Methods

Principal Investigators

Hard Bottom Communities

Fish Communities .

Companion Study #1 .
Micro-Habitat Studies

Companion Study #2 .
Epibiont Recruitment

Describe hard bottom community structure and seasonal

dynamics at each site

Describe differences in hard bottom community structure
among sites differing in relief (high/med/low) and

location (east/central/west)

Describe relationships between community structure and
environmental parameters such as small-scale habitat
variability, rock type, sediment cover, turbidity, and other

geologic and oceanographic variables

Describe fish community composition and temporal

dynamics at each monitoring site

Identify differences in fish community composition

among sites differing in relief and location

Identify relationships between fish communities and
environmental parameters such as small-scale habitat

variability, rock type, sediment cover, etc.

Identify trophic relationships among fishes, as well as
between fishes and the epibenthic community

Improved understanding of relationships between hard
bottom epibiota and microhabitat factors (e.g.,
microtopography, orientation, substrate characteristics,

small-scale current patterns)

Document process of larval settlement, growth, and
community development of hard bottom epibiota

Random video/photographic transects and
stations (ROV)

Fixed video/photoquadrats (ROV)
Collection of voucher specimens (ROV)

Analysis of video and photographs from
hard bottom community monitoring
(ROV)

Literature review of trophic relationships

Use of GIS to integrate and analyze biotic
and abiotic data collected during hard
bottom community monitoring

Settling plates on moored arrays;
experimental enclosures to evaluate
predation and disturbance

D. Hardin

K. Spring

B. Graham
S. Viada

D. Snyder

1. MacDonald

P. Montagna

Abbreviations: CTD = conductivity/temperature/depth; DO = dissolved oxygen; OBS = optical backscatter; ROV = remotely operated vehicle.



Report Contents and Organization

This report covers the approach, rationale, and methods for all work to date and includes
data that have been analyzed and interpreted as of July 1998. This includes results from
Monitoring Cruises 1C (May 1997) and M2 (October 1997), as well as mooring retrievals
on Service Cruises S1 (July 1997) and S2 (January 1998). Some preliminary Cruise 1C
data were previously presented in the Phase 1 report, but most of the data were not
available at that time. Also, because Cruise M3 (April 1998) was shut down due to
weather problems and completed in August 1998, none of the results are available for this
report.

Following this introduction, Chapter 3 describes Site Selection and General Methods.

Subsequent chapters present the rationale, field and laboratory methods, results, and
discussion for each monitoring component and companion study.
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Chapter 3
Site Selection and General Methods

Detailed methods for each program component are included in the individual chapters.
As a general framework, this chapter first discusses site selection. An overview of the
sampling program is then presented, followed by cruise summaries for Phase 2. Finally,
data management is discussed.

Site Selection

The contract specified that a total of nine sites be selected, including one of each relief
type (high, medium, and low) in the eastern, central, and western portions of the study
area. The relief categories were defined as follows:

® high (>10 m)
¢ medium (5 to 10 m)
® Jow(<5m)

Stratification of sites by relief and longitude is reasonable, based on previous studies.
Studies of hard bottom communities in the Gulf of Mexico, South Atlantic Bight, and off
Southern California have shown that community structure varies greatly with substrate
relief (Marine Resources Research Institute 1984; Rezak et al. 1985; Continental Shelf
Associates, Inc. 1987a; Phillips et al. 1990; Hardin et al. 1994). Observations with a
remotely operated vehicle (ROV) during the MAMES surveys showed that pinnacle
community composition varied with relief and proximity to the Mississippi River plume.
It was hypothesized that the river plume influences long-term water quality, resulting in
diminished community development on hard bottom features close to the Mississippi
River delta (Gittings et al. 1992b).

Other factors considered in site selection were representativeness, availability of existing
video and photographic data, and previous oil and gas industry activities. The site
selection process is described in detail below.

Megasite Selection

Prior to Cruise 1A, five large areas (“megasites”) were selected for geophysical
reconnaissance (Fig. 3.1). The selection of the five megasites was based on geophysical
data collected during the MAMES (Brooks 1991) and MASPTHMS (Continental Shelf

Associates, Inc. 1992) surveys.
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Megasite 1 - MAMES - Eastern Delta mounds
Megasite 2 - MAMES - Western Delta mounds
Megasite 3 - MAMES - Near-shoreline ridge
Megasite 4 - MASPTHMS - Lagniappe Delta, deep
Megasite 5 - MASPTHMS - Lagniappe Delta, shallow

The megasites were selected because they are known to contain numerous features of
varying relief (candidate sites) and could be surveyed within the time and financial
restrictions of the contract.

Geophysical Reconnaissance and Preliminary Site Selection

During Cruise 1A (November 1996), the five megasites were surveyed using swath
bathymetry, high-resolution side-scan sonar, and subbottom profiler to produce detailed
maps. After the initial survey of all five megasites, small subsets were chosen within
Megasites 1, 2, 3, and 5 for higher resolution mapping. Most candidate sites ultimately
selected were located in these high resolution mapping areas. Chapter 4 of the First
Annual Interim Report describes the reconnaissance process in more detail.

After the cruise, we prepared a list of candidate high, medium, and low relief features
within the megasites and tabulated the historical video and photographic data (Table 3.1).
At this point, candidate high relief Sites 1, 5, and 7 were selected. The sites are located
on flat-top mounds in Megasites 1, 3, and 5. The flat-top mounds seemed an obvious
choice for the high relief category because these large, striking features were common in
all three megasites and video coverage was available from the earlier MAMES and
MASPTHMS surveys. Medium relief features were also selected within the high-
resolution mapping areas in Megasites 1 and 2 (Sites 2 and 4, respectively). The
candidate medium relief sites were located on steep-sided pinnacles, which are common
in both megasites and provide a contrast to the flat-top mounds selected for the high relief
category. Previous video and photographic data were available from the vicinity of

Site 4.

Visual Reconnaissance

After the geophysical reconnaissance and review of historical data, we were able to select
all three high relief sites and two of three medium relief sites. The main problem at this
point was identifying low relief sites. A visual reconnaissance was necessary because
there were no historical video or photographic data from low relief sites and because
geophysical data alone cannot indicate whether a biological community is present on low
relief hard bottom. For example, although geophysical data may indicate possible hard
bottom, a thin sand veneer may be present which can prevent the attachment of hard
bottom biota.
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Table 3.1. Monitoring site selection in relation to types of hard bottom features and
availability of previous video data. Bullets indicate the presence of each type
of hard bottom feature within a megasite and whether previous video data
were available (®) or not available (O). Candidate sites visited during
Cruise 1B (visual reconnaissance) are shaded. Boxes indicate the final sites
(with site numbers next to the bullets).

Eastern Central Western

Type of Feature ) . . . .
Megasite | ~ Megasite 2 Megasite 3  Megasite4  Megasite 5

High Relief (>10 m)

Flat-top mounds o ®5 o7

Steep-sided pinnacles ° L
Medium Relief (5-10 m)

Steep-sided pinnacles Q2 o4* O O 08

Low Relief (<5 m)

Patch reefs/raised O Q6

hard bottom

Pinnacles/mounds O3 @] O O O9
Linear hard bottom @)

? Previous video data were available for higher relief pinnacles in the area.

Four candidate sites lacking previous video or photographic data were identified as
needing visual reconnaissance (Table 3.1). During Cruise 1B (March 1997), these
features were surveyed briefly using an ROV to determine whether a hard bottom
community was present. Candidate Sites 3, 6, and 9 were low relief sites within
Megasites 1, 3, and 5. Candidate Site 8 was a medium relief site within Megasite 5. All
of the candidate sites visited during Cruise 1B had hard bottom communities present and
were ultimately chosen as final sites.

Final Site Selection

After the completion of Cruises 1A and 1B, the program managers and key principal
investigators prepared a final site list. Site selection was discussed and approved in April
1997 during a teleconference with the USGS Contracting Officer's Technical
Representative (COTR), the Scientific Review Board, and the program principal
investigators. The final sites are shown in Fig. 3.2 and summarized in Table 3.2.
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Table 3.2. Final monitoring sites.

Site Area and Relief Water Depth and Leasing Status Previous Video and/or Notes
Megasite Category Lat/Long Photographic Data
1 Eastern High 63-76.5m In Destin Dome Block 533 MAMES Video Stations Site diameter 200 m. Flat top
(Megasite 1) 29°26'19.131"N  which is not leased 13 and 14 feature known as 40 Fathom
87°34'27.273"W fishing grounds in eastern high
resolution survey area. Site
extends across top of pinnacle and
down the northeastern and eastern
edges
2 Eastern Medium 69.5-81.5m In Destin Dome Block 532 None Site diameter 120 m. Steep sided
(Megasite 1) 29°26'41.053"N  which is not leased pinnacle is largest within western
87°3626.512"W high resolution survey area. Site
includes numerous irregular
outcrops with heights ranging from
less than 1 m at the periphery up to
10 m toward the site center
3 Eastern Low 76-80.3 m In Destin Dome Block 533 None. First visited during  Site diameter 150 m. Patchy low
(Megasite 1) 29°26'15.901"N  which is not leased Cruise 1B on 24 March relief rock outcrops with diameters
87°34'15.266"W 1997 ranging from 1 to 10 m and relief
ranging from <l t0 4.5 m
4 Central Medium 95-107 m In Destin Dome Block 661 MAMES Video Station Site diameter 140 m. Gradual
(Megasite 2) 29°19'39.041"N  which is not leased. May be 18 is in general area sloping mound of hard bottom with
87°46'7.849"W  within 900 m of a previous thin sand veneer and low relief rock
drillsite to the east-northeast outcrops (0.5 to 2 m). Located in
in Destin Dome Block 617 southern high resolution survey
area
5 Central High 62-78 m In Main Pass Block 223 which MAMES Video Station 8  Site diameter 160 m. Flat top
(Megasite 3) 29°23'35.930"N  has been leased and has a is in general area pinnacle with thin sand veneer in

87°58'51.055"W

production platform

eastern high resolution survey area.
Smaller outcrops along edges of
pinnacle
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Table 3.2. (continued).

Site Area and Relief Water Depth and Leasing Status Previous Video and/or Notes
Megasite Category Lat/Long Photographic Data
6 Central Low 75-78 m In Main Pass Block 249 which  None. First visited during ~ Site diameter 150 m. Extensive
(Megasite 3) 29°23'52.887"N  has been leased and has had Cruise 1B on 23 March areas of low-relief rock features
87°58'42.610"W  many exploratory wells, but 1997 ranging up to about ! m in height
no production plans and covered with a thin layer of
fine sediments
7 Western High 69.5-88 m In Main Pass Block 286 which MAMES Video Station Site diameter 200 m. Flat top
(Megasite 5) 29°15'24.844"N  has been leased, but no 33; MASPTHMS ROV pinnacle known as 36 Fathom
88°2021.455"W  drilling plans Dives 1, 2, and 3 Ridge, in northern high resolution
survey area. Feature has more
irregular edges than the two other
flat top pinnacles (Sites | and 5)
8 Western Medium 88-96 m Just east of boundary between  None. First visited during  Site diameter 100 m. Rugged
(Megasite 5) 29°13'53.857"N  Main Pass Block 285 (leased)  Cruise 1B on 23 March feature with numerous crevices and
88°19'01.565"W  and Block 286 (leased but no 1997 overhangs, located in the south-
drilling plans) central high resolution survey area.
Relief 8 to 9 m
9 Western Low 89-95.5m In Main Pass Block 286 which  None. First visited during  Site diameter 150 m. Small
(Megasite 5) 29°14'19.499"N  has been leased, but no Cruise 1B on 21 March mounds and outcrops in the south-

88°19'36.859"W

drilling plans

1997

central high resolution survey area.
Generally 0.5 to 2 m in height with
diameters of 10to 15 m. A few
features with up to 5 m relief had
ledges, overhangs, and crevices

Abbreviations:

MAMES = Mississippi-Alabama Marine Ecosystems Study; MASPTHMS = Mississippi-Alabama Shelf Pinnacle Trend Habitat Mapping
Study; ROV = remotely operated vehicle.



Overview of Sampling Program

Table 3.3 is an overview of the sampling program, including mooring deployments and
retrievals at the monitoring sites. During Cruise 1C (May 1997), subbottom profiling
was conducted to geophysically characterize each site in more detail than was possible
with the broad-scale geophysical reconnaissance (Cruise 1A). Grab samples were
collected for geological and geochemical analyses (see Chapters 4 and 6). Hydrographic
profiling was also conducted at each station, including conductivity/temperature/depth
(CTD), dissolved oxygen (DO), photosynthetically available radiation (PAR),
transmissivity, and optical backscatter (OBS) (see Chapter 7). Hard bottom and fish
community monitoring was conducted at each site using the ROV (see Chapter 8).
Monitoring included random video/photographic transects and stations and establishment
of fixed video/photoquadrats. Voucher specimens were also collected at some sites to aid
in species identification. '

The overall program consists of repeating the Cruise 1C sampling on three subsequent
monitoring cruises (M2, M3, and M4). The only exception is the subbottom profiling at
each site, which will not be repeated.

Six physical oceanographic/sediment dynamics moorings were installed during Cruise 1C
(see Chapter 7). Three moorings were installed at Site 1, and one each at Sites 4, 5, and
9. Each site will have at least one oceanographic mooring in place throughout the study.
Two of the three moorings at Site 1 are “re-locatable” and were subsequently redeployed
at Site 5 on Cruise M3. Each mooring includes current meters at 4 and 16 m above
bottom (mab), sediment traps at 2, 7, and 15 mab, and an instrument that measures
temperature, conductivity, DO, and turbidity.

Eleven “biomoorings” (moorings containing sets of settling plates) were also deployed
during Cruise 1C as part of the companion study of epibiont recruitment (see

Chapter 11). Eight were deployed at Site 4 and one each at Sites 1, 5,and 9. The
biomoorings at Sites 1 and 9 were retrieved on the continuation of Cruise M3

(August 1998); turbidity prevented retrieval of the biomooring at Site 5. Another set of
biomoorings was deployed at the same sites on Cruise S2 (January 1998) and will be
recovered on Cruise M4 (April-May 1999). The eight biomoorings at Site 4 are for a
“time-series” experiment; the original plan was to retrieve one on each subsequent
Service Cruise and Monitoring Cruise until all eight were retrieved. However, as
explained below, this has been changed so that all biomoorings can be retrieved on
monitoring cruises when the ROV is present to cut the anchor line. One Site 4 mooring
was retrieved on Cruise M2 (October 1997) and redeployed on Cruise S2 (January 1998).
Three of the original Site 4 moorings were recovered on the continuation of Cruise M3
(August 1998) and the remaining five will be recovered on Cruise M4 (April-May 1999).
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Table 3.3. Summary of activities conducted on each monitoring cruise and mooring service cruise.

Cruise and Date(s)

Site M3

93

1C (May 1997) S1 (Jul 1997) M2 (Oct 1997)  S2 (Jan 1998) S3 (Jul 1998)
(Apr-May 1998)  (Aug 1998)
1 PHG VD@3) S(3) HGVS@3) S(3) HG V S(1)RQ) S(1)
d(1) d(1) r(1)
2 PHGV -- HGV - HG \% -
3 PHGV - HGV - HG \% -
4 PHG VD) S(1) HGVS(1) S(1) HG S(1) V S(1)
d(8) r(1) d(1) r(3)
5 PHG VD) S(1) HGVS() S(1) H S(1) D(2) G S(3)
d(1) d(1)
6 PHGV -- HGV - H G -
7 PHGV -- HGV - H GV -
8 PHGV -- HGV - H GV -
9 PHG VD(1) S(1) HGV S(1) S(1) H S(1) GV S(1)
d(1) d(1) r(1)
Abbreviations:

P = subbottom profiling

H = hydrographic profiling
G = grab sampling

V = video and photography

D(#) = deploy oceanographic mooring(s)
S(#) = service oceanographic mooring(s)
R(#) = remove oceanographic mooring(s)

d(#) = deploy biomooring(s)
r(#) = retrieve biomooring(s)



Phase 2 Cruise Summaries

Phase 2 included two monitoring cruises, M2 (October 1997) and M3 (April-May 1998).
(Cruise M3 began in April but was shut down due to weather delays; it was completed in
August 1998). In addition, mooring service cruises were conducted in July 1997 (S1),
January 1998 (§2), and July 1998 (S3). The survey vessel for all cruises was the

R/V TOMMY MUNRO. A Magnavox MX300 differential GPS was used for navigation.
The cruises were staged out of Ocean Springs, MS.

The ROV used during monitoring cruises was the Benthos Openframe SeaROVER with a
Python multifunction manipulator arm. Video, photographic, and ancillary equipment
included a Sony high-resolution videocamera, DeepSea Power & Light Micro-

SeaCam 2000 color videocamera, Photosea 1000 still camera and strobe, DeepSea Power
& Light lasers, and a Simrad MS900 color imaging sonar.

Cruise S1

The first mooring service cruise, conducted from 27 to 31 July 1997, successfully
serviced the oceanographic moorings and collected 11 CTD casts. A problem was
encountered with the scheduled recovery of the first biomooring at Site 4, as the acoustic
release would not work. An attempt was made to release several of the other identical
biomoorings at the site in order to recover one biomooring, but these also would not
release. It was decided to attempt to recover two biomoorings during Cruise M2 by
cutting the moorings from their anchors using the ROV.

Cruise M2 and Follow-Up Meeting

Cruise M2 was conducted as several legs from 30 September to 31 October 1997.
Approximately 21 days of weather downtime were incurred. All samples and data were
obtained other than the biomoorings, as explained below.

Each of the nine monitoring sites was sampled during the cruise (Table 3.3). Grab
samples were collected for geological and geochemical analyses (see Chapters 4 and 6).
Hydrographic profiling was also conducted at each station; a total of 29 CTD casts were
collected during the cruise (see Chapter 7). Hard bottom and fish community monitoring
was conducted at each site using the ROV (see Chapters 8 and 9).

All six physical oceanographic/sediment dynamics moorings were retrieved and
redeployed during Cruise M2. The moorings at Sites 1 and 5 were serviced during the
30 September to 6 October leg. The remaining moorings, including the one at Site 4,
were serviced during the 28 to 31 October leg.

As noted above, during Cruise S1, a problem was encountered with the scheduled
recovery of the first biomooring at Site 4, as the acoustic release would not work. An
attempt was made to release several of the other identical biomoorings at the site in order
to recover one biomooring, but these would also not release. It was decided to attempt to
recover two biomoorings during Cruise M2 by cutting the moorings from their anchors
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using the ROV. However, during Cruise M2, only one of the Site 4 biomoorings was
retrieved and another was found to be damaged (due to shackle failure, the biomooring is
now resting on the bottom).

Following the cruise, a meeting was held on 20 November 1997 between the COTR
(Robert Meyer), MMS Contract Inspector (Robert Rogers), and CSA personnel (David
Gettleson, Keith Spring, Bruce Graham, and David Snyder) with significant input from
Paul Montagna (Epibiont Recruitment Principal Investigator). The participants discussed
problems in retrieving the biomoorings and damage to the unrecovered biomooring.

A new plan was developed and later approved to deploy four new biomoorings on the
January 1998 service cruise (S2) and to recover the biomoorings with the assistance of
the ROV on Cruises M3 (April-May 1998) and M4 (April-May 1999). Chapter 11
explains the revised schedule of biomooring deployment and retrieval and its effect on
the experimental design.

Cruise S2

The next service cruise was conducted during 29 to 30 January 1998. All six
oceanographic moorings were successfully serviced and 12 CTD casts were made. Four
new biomoorings were deployed--one each at Sites 1, 4, 5, and 9. These are all scheduled
to be retrieved on Cruise M4 (April-May 1999).

Cruise M3

The first part of Cruise M3 was conducted between 21 April and 2 May 1998. Poor
weather delayed departure for two days (21 to 23 May) and interrupted the cruise for
about three-and-one-half days on 26 to 28 May. The cruise was shut down by mutual
agreement and was completed during 23 to 29 August 1998.

Despite the weather problems during the April-May portion of the cruise, all of the
hydrographic profiling was done, and all six of the oceanographic moorings were
serviced. The two re-locatable moorings at Site 1 were moved to Site 5. However, ROV
sampling of only one hard bottom site was completed (Site 1). Grab samples were
collected only at Sites 1, 2, 3, and 4.

During the second part of Cruise M3, ROV sampling was conducted at Sites 2, 3, 4,7, 8,
and 9. Turbidity prevented ROV sampling at Sites 5 and 6 despite repeated attempts.
Grab samples were collected at Sites 5, 6, 7, 8, and 9. Biomoorings were retrieved at
Sites 1, 4, and 9, but turbidity prevented retrieval of the Site 5 biomooring.
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Data Management

A data management program has been established to monitor, control, and facilitate data
flow and ensure the integrity of the data through each phase of the program. As part of
this process, a program data management plan has been developed which consists of four
interrelated elements: (1) data administration; (2) data control; (3) data utilization; and
(4) data archiving submission.

The purpose of data administration is to ensure continuous tracking and custody of
samples and data. Evidence of data possession, comparison, and security with signatures,
dates, times, and location of data are noted. This element also ensures proper formatting
and reporting of all data and distribution of data as required among the principal
investigators.

Data control consists of monitoring the progress of data flow to identify data gaps and to
facilitate further processing. The data control procedures adopted for the data
management plan document data availability, data reduction, and data analysis.

Data utilization includes processing and validating data as they are submitted. The
processed data are then made available to all study participants.

Available data are being routinely archived to ensure permanency.

Data types, formats, and procedures have been established to insure reliable and accurate
data receipt and distribution. Sample inventories from the completed cruises have been
developed, and a master inventory of samples received and analyses required has been
completed. A sample inventory for all project components has been finalized. This
includes expected cruise dates, sampling schedules, and standardized cruise, site, and
station nomenclature for all work elements. This will ensure the smooth acquisition of
data into the project database.

An inventory of the expected program data has been developed to ensure appropriate

processing and availability of data. Data that have been submitted to data management
are presented in Table 3.4.
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Table 3.4. Data submitted to data management.

Data Description Cruise and Date Media

Detailed Mosaics for Sites 1 and 2 Cruise 1A (Nov 96) Tape

Bathymetric observations Cruise 1C (Apr 97) Electronic
Bathymetric observations Cruise M2 (Oct 97) Electronic
Random photo locations Cruise 1C (Apr 97) Electronic
Random photo locations Cruise M2 (Oct 97) Electronic
Survey Videotapes Cruise 1C (Apr 97) Videotape
Random Photos Cruise 1C (Apr 97) CD ROM
Photo Photo Logs Cruise 1C (Apr 97) Electronic
Survey Videotapes Cruise M2 (Oct 97) Videotape
Random Photos Cruise M2 (Oct 97) CD ROM
Photo Photo Logs Cruise M2 (Oct 97) Electronic
Sediment PAHs Cruise 1C (Apr 97) Electronic
Sediment TPH, EOM, TOC, and TIC Cruise 1C (Apr 97) Electronic
Sediment Trace Metals Cruise 1C (Apr 97) Electronic
Sediment Grain Size Cruise 1C (Apr 97) Electronic
Sediment Grab Locations Cruise 1C (Apr 97) Electronic
Sediment Grab Locations Cruise M2 (Oct 97) Electronic
Random Photo Percent Cover Data Cruise 1C (Apr 97) Electronic
Random Photo Occurrence Data Cruise 1C (Apr 97) Electronic

Abbreviations: EOM = extractable organic matter; TIC = total inorganic carbon; TOC = total
organic carbon; TPH = total petroleum hydrocarbons; PAH = polycyclic
aromatic hydrocarbons.
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Chapter 4
Geologic Characterization

Approach and Rationale

The geologic characterization portion of this project concerns the origin and evolution of,
characteristics of, and sedimentation regime around carbonate mounds on the
Mississippi-Alabama OCS. These mounds formed in an unknown manner at lower sea
level stands of the Pleistocene-Holocene transgression (Ludwick and Walton 1957; Sager
et al. 1992) and they have become a substrate upon which a diverse marine ecosystem has
evolved (Gittings et al. 1992b).

Much of our current geological knowledge of the Mississippi-Alabama carbonate mounds
and their environs come from two prior MMS-funded studies: Mississippi-Alabama
Marine Ecosystems Study (MAMES; Brooks 1991) and Mississippi-Alabama Shelf
Pinnacle Trend Habitat Mapping Study (MASPTHMS; Continental Shelf Associates
1992), both of which mapped the occurrence of carbonate mounds and the distribution of
surficial sediments. Thousands of carbonate mounds ranging from less than a few meters
in diameter to nearly a kilometer were found arrayed mostly in two isobath-parallel bands
(Sager et al. 1992). Isobath-parallel ridges were also mapped in the shallower of these
two depth zones. Both features are thought related to sea level stillstands during the last
deglaciation. Surficial sediments are largely related to three late Pleistocene deltas, the
Lagniappe Delta (Kindinger 1988; 1989) in the western part of the present study area
(Fig. 4.1) and the “eastern” and “western” deltas in the original MAMES study area
(Davis 1992). These delta sediments were deposited during sea level lowstands or in the
case of the “eastern delta,” during the early part of the last deglaciation (Davis 1992).
Atop these sediments is a thin, variable layer, consisting mostly of sand, that is thought to
have been deposited by reworking of shelf sediments near sea level as it rose across the
shelf during the last deglacial transgression (Davis 1992).

The current project seeks to pick up where MAMES and MASPTHMS left off. Those
projects were reconnaissance efforts to broadly characterize the Mississippi-Alabama
OCS seafloor and to describe the general characteristics and distribution of carbonate
mounds such as those reported by Ludwick and Walton (1957). Current project goals are
to provide greater detail in the characterization of the mounds and their geologic
environment. The objectives of the geological characterization subtask are to (1) use
high-resolution side-scan sonar mapping to measure the large-scale physical
characteristics, such as shape, locations, and gross roughness; (2) use high-resolution
subbottom profiler records and grab samples to examine long term sedimentation; and
(3) use ROV videos to characterize the small scale geology. Although understanding the
origin and evolution of the mounds was an initial goal of this project, no funding was
specifically allotted for this goal, so any progress will rely on clues gleaned from other
program elements.
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To address these goals, four main types of data are used: (1) high-resolution digital
side-scan sonar images of the seafloor and bathymetry; (2) high-resolution subbottom
profiler data; (3) ROV seafloor photographs; and (4) grab samples. The side-scan sonar
images provide data concerning mound locations, sizes, orientations, shapes, and
broad-scale roughness. Bathymetry data from the side-scan sonar yield the gross
morphologies of the mounds and the surrounding seafloor. ROV bottom photographs
give small-scale observations of mound morphology and surface characteristics that
complement the larger scale side-scan observations. Sediment cover is shown by the
subbottom profiler data as well as ROV bottom photographs whereas sediment types are
given by analysis of grab samples. All of these parameters, as well as their correlations
to biologic community structure, are being compared by georeferencing and use of a
geographic information system (GIS; see Chapter 10).

Methods

High-Resolution Geophysical Baseline Cruise (1A)

One hundred eighty track lines, totaling 797 km in length and covering an area of

144.5 km?2 with side-scan sonar swaths, were collected at the five megasites with the
TAMU? digital side-scan sonar and an X-STAR 2-12 kHz chirp sonar on Cruise 1A.
Ship's tracks were spaced 175 m apart and the ship's speed was approximately 5.5 knots
with a sonar layback of about 85 m continuously measured with an ultra-short baseline
acoustic tracking system. Navigation was done using Skyfix differential global
positioning system (GPS), with an accuracy of better than 5 m. On these tracks, which
were either oriented at a heading of 0° or 30°, an image swath of 400 m was used to
provide ~228% coverage of the seafloor. This allowed features directly beneath the sonar
on one ship track to be imaged by adjacent tracks. This duplication was important
because features have different appearances depending on the incidence angle of the
acoustic waves and because the TAMU? sonar has a “blind spot” directly beneath the
track. Because the sonar bathymetry swath is limited by the first bottom multiple to

3.4 times water depth, the bathymetry swaths overlapped by 25% to 50% in these
surveys.

The sonar digitization rate was typically 1,650 pixels per ping at a ping rate of

2.5 per second. This configuration implies that each pixel is representative of an area of
seafloor 1.25 by 0.24 m. Both 72 kHz and 11/12 kHz data were collected along each of
the tracks so that the two frequencies could be compared to highlight differences in
sediment texture. In addition to these data, slightly higher resolution data were also
collected during Cruise 1A on tracks oriented perpendicular to the main survey tracks
over areas of particular interest. These “detailed” surveys typically had track spacings of
150 m, sonar swath widths of 200 m, and were digitized with 3,300 pixels per ping, and
at up to 5 pings per second. The goal of these data was to provide higher resolution
images of likely sites for more detailed study. In all, 34.7 km of data were collected on
these “detailed survey” lines covering an area of 5.6 km? with side-scan swaths.
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Additional chirp sonar data were collected on Cruise 1C. A grid of perpendicular lines
was acquired between the lines collected over the “detailed” survey sites from Cruise 1A.
Because the original grid had tracks with an east-west spacing of 175 m and north-south
spacing of 150 m, the Cruise 1C data filled in the grids at spacings of 87.5 and 75 m.
Cruise 1C subbottom lines were positioned by differential GPS with an accuracy of about
5 m. The total length of subbottom data collected on Cruise 1C was 199.8 km.

TAMU? Sonar Data Interpretation

Sonar backscatter mosaics were produced by C&C Technologies, Inc. using proprietary
image manipulation software. Images for each track were imported, georeferenced, and
adjusted for sonar layback. The entire mosaic was built up of images for each of the
component lines. Data gaps at the sonar nadir were filled with data from adjacent tracks.
Owing to limitations of the proprietary image manipulation software, typical pixel sizes
are about 1 m x 5 m. Subsequent analysis of the sonar mosaics has been carried out using
ERMapper, a GIS analysis software package.

Bathymetry grids were also produced by C&C Technologies, Inc. Using proprietary
software, sonar acoustic raypath takeoff angles were computed from phase angles . .
measured at the sonar acoustic arrays. Takeoff angles and acoustic wave round-trip
travel times were used to compute a depth profile perpendicular to the sonar track for
each sonar ping. Depth locations and raypaths were corrected for variations in sound
speed determined from periodic CTD casts made during the survey. Depth values were
binned and plotted using the public domain GMT software package (Wessel and Smith
1995). Megasite bathymetry grids were binned at 15-m intervals whereas detailed survey
bathymetry data were binned at 1-m intervals.

The analysis of TAMU? data will include interpretation of side-scan sonar mosaics as
well as quantitative studies of mound morphology and roughness from backscatter
images and bathymetry. The backscatter patterns will be characterized as a starting point
using the analyses from the MAMES and MASPTHMS studies. Interpretation maps for
the megasites and detailed monitoring sites will be produced. Morphology will be
examined in several ways. To define aspect ratio (length/width) and trends, the best
fitting ellipse for a sample of the mounds in each area will be determined. Roughness
will be quantified by examining inter-pixel variability and mound outline tortuosity. Flat
seafloor, for example, has little pixel variability whereas rough seafloor has a higher
degree of variability. Tortuosity can be determined by calculating the ratio of a mound’s
map-view outline to the area and rougher mounds should have larger values of tortuosity.

TAMU? bathymetry data will be used to make contour maps and three dimensional
perspective views of each megasite and each monitoring site. These data will address our
goals of describing seafloor topography and mound morphology, orientation, and large
scale roughness. Depending on data quality, maps will be contoured at 1 to 2 m intervals.

TAMU? backscatter images will be used to map surficial sediments as well as surface
characteristics of the mounds. These data will address the goal of describing mound
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morphology, orientation, and roughness. Mosaics of the side-scan images will be made
to allow mapping of sediments with similar backscatter patterns, which are related to
texture. From the MAMES survey, backscatter patterns were found to be quite variable
and possibly influenced by storm waves (Laswell et al. 1992). These data will also give
higher resolution images of mounds in general and the study sites in particular. These
images will help biologists better understand the habitat structure.

Subbottom Profile Interpretation

Data from the chirp echosounder will be used to examine thickness and character
variations of shallow sediments in the study areas. Subbottom profiles will be analyzed
using standard seismic stratigraphic techniques (e.g., Mitchum and Vail 1977). This
involves (1) recognition and correlation of acoustic reflectors by their characteristics and
(2) mapping and interpretation of seismic facies. The latter step assumes that sediments
of different sedimentary facies give a common, recognizable acoustic response. Each
subbottom line will be interpreted and the features and sedimentary layer thicknesses will
be plotted on charts with survey navigation.

Chirp profiler records will be used to address the goal of understanding mound origin as
well as long term sedimentation rates, sediment distribution, and the effects of mounds on
sedimentation. Where appropriate, layer thicknesses will be digitized to make maps of
sediment distribution. Of particular interest are the uppermost sediments, which consist
of Holocene transgressive sands and recent mud from the nepheloid layer. Mounds may
have been formed on a surface constructed by sea level lowstand erosion of delta forset
beds. The Holocene sediments were therefore deposited around the mounds and their
distribution shows the effects of currents perturbed by mound topography. With the chirp
profiler data, the thicknesses of Holocene and the most recent sediments within the
megasites will be mapped. The detailed study areas will provide information about long
term deposition. Horizon characteristics and structure will provide clues about mound -
origin.

Comparison with Prior Data

To address the goal of assessing sediment texture changes and sedimentation processes
around the mounds, the new geophysical data will be compared to existing
reconnaissance survey data. Changes may be expected because the sediment backscatter
patterns in some areas suggest sediment waves were created by storm waves (Laswell et
al. 1992) and several hurricanes have passed over the study site since the last
reconnaissance surveys. Reconnaissance subbottom profiler records were precisely
navigated and can be compared with new profiles for changes in surficial character owing
to changes in seafloor sediments. Likewise, the reconnaissance side-scan images can be
compared with the 72 kHz TAMU? images, but to do this features and bathymetry in the
two data sets will have to be matched since the old side-scan images are not as accurately
positioned as the new data.
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Sediment Grain Size Analysis

Grain size measurements are being done using standard techniques (Folk 1974). Samples
are homogenized, treated with bleach to oxidize organic matter, and washed with distilled
water to remove soluble salts. Sodium hexametaphosphate is added to deflocculate each
sample before wet-sieving with a 62.5 micron (4¢) sieve to separate the sand and gravel
from the mud fraction. The sand and gravel fraction is dried, weighed, and sieved at
1/2¢ intervals from -1.5¢ to 4.0¢. Each fraction is examined for aggregates and those
found are disaggregated. Sample fractions are weighed to three significant figures. The
mud fraction is analyzed for particle size by the pipette settling method at intervals of
4.5, 5.00, 5.59, 6.0, 7.0¢, 8.0, 9.0¢, and 10.0¢ intervals.

Characterization of Rock Samples

If suitable carbonate rock samples are recovered in grab samples, ROV samples, or other
means, a battery of tests may be applied to describe the composition, age, and other
characteristics. These include thin section petrographic description, x-ray
diffractometery, scanning electron microscopy, and electron microprobe analysis, all of
which characterize particle content and composition.- Carbon and oxygen isotope ratio -
measurements yield clues about the formation of the carbonate, and radiocarbon dating
determines age. To date, few samples have been recovered and none have been analyzed.

ROY Ground Truth Data

ROV videotapes, still photographs, and grab samples were collected during Cruises 1C
and M2 and will be collected on subsequent monitoring cruises. The grabs provide
samples of surficial sediments insonified by the side-scan sonar. These are being
described for gross characteristics and are also analyzed for particle size distribution (see
below). Ten grabs were collected at each site during Cruise 1C to provide a baseline and
five of these sites were resampled on Cruise M2. This procedure will be followed during
each subsequent monitoring cruise to look for variations. ROV videos and still photos
also provide valuable geologic information concerning seafloor features, sediment types,
and texture. These are viewed and characterized using the descriptors in Table 4.1. A set
of descriptors is chosen for the seafloor at the location of each ROV random photo station
in part because these locations are accurately known and because the still photos have a
common scale, having been shot at nearly the same distance from the seafloor (about

70 cm). Typically these photos show an area about 0.75 m across. ROV video tapes are
viewed to show the approach to each photo station in order to obtain geologic context
from larger-scale surroundings. Although it was possible to choose sediment texture,
cover, roughness, and small scale relief descriptors at almost all stations, selection of
larger scale descriptors [morphology, reef-like mound (RLM) part] was not always
possible owing to limited visibility or knowledge of the surrounding terrain.
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Table 4.1. Geologic descriptors of the seafloor at ROV photo stations.

General Morphology RLM Relief Roughness Sediment Sediment
(large scale) part (scale m) (scale cm) Texture Cover
No rock not desc not desc Flat not desc Fine not desc
visible Depression Coarse
Mound Shell Hash
Rubble
Rock Boulder Ridge Base Low Low Fine None
outcrop RLM Face Medium Medium Coarse Partial
Top High High Shell Hash Complete
Flat Rubble
Overhang

Abbreviations: RLM = reef-like mound.

Results
Megasite Side-scan Sonar Mosaics

Mosaics made from TAMU? side-scan sonar data contain images constructed from the
merging of backscatter image strips from individual ship’s tracks. The side-scan sonar
sends out a fan-shaped acoustic pulse that is narrow and parallel to the ship’s track and
wide in the orthogonal direction. The sonar then plots a “scan” depicting the amplitude
of the backscattered signal for that particular pulse. By sequentially plotting many scans -
from subsequent pulses, an image is constructed. Typically the image is transformed to
appear as if made by an “aerial photograph” illuminated from the ship’s track, i.e., “light”
areas face the sonar and shadows are on the opposite sides. Usually little of the returned
acoustic energy comes from reflection because the incidence angle is such that most such
energy continues to propagate away from the sonar. Most of the returned energy is
“backscattered,” a process that includes diffraction from microtopography and scattering
of energy from particles in the uppermost sediments (so called “volume scattering™)
(Johnson and Helferty 1990). In the images, strong echoes are plotted dark and shadows
are white. Much of the returned acoustic signal appears to be related to mound
topography and roughness (i.e., shadows, strong returns from faces that are directed
towards the sonar, and diffraction from rough areas) and backscatter variations are caused
by sediment textural variations.

Megasite 1

Prominent in the Megasite 1 mosaic are numerous groups of medium to large mounds,
principally located in the northern, central, and western parts of the survey area (Fig. 4.2).
In contrast, much of the seafloor in the southern part of the survey is mostly featureless.
The large mound group in the north-central part of the megasite contains several large,
flat-top mounds greater than 100 m in diameter. One of these, in the east-central part of
the site, is the location of Site 1, atop the flat-topped mound known as “40-Fathom
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Fig. 4.2. Side-scan sonar image mosaic for Megasite 1.
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Fishing Grounds.” Numerous smaller mounds are associated with these larger mounds.
Another large mound group appears at the western edge of the survey. Associated with
all of the mounds are areas of high backscatter, which appear dark in these mosaics.
These high backscatter features usually are located on the southwest sides of the large
mounds and mound groups. In subbottom profiler records, these areas show some
erosion of the surficial sediments, so they are probably a textural difference caused by the
winnowing current. Many small to medium mounds show high backscatter “tails”
extending to the southwest. These appear as shallow gullies in the subbottom profiler
records, implying erosion by bottom currents. In the northeast part of Megasite 1 are
three linear to sub-linear high backscatter features that appear to be small buried ridges in
the subbottom profiler records. The most linear is about 25 m wide by 300 m long.
These may be related to the shoreline ridges noted in the original MAMES survey (Sager
et al. 1992).

Megasite 2

The Megasite 2 mosaic shows numerous mound clusters in a broad band that trends
southwest to northeast across the survey area (Fig. 4.3). In the western part of the survey,
areas of medium backscatter define broad, low hard bottoms typically several hundreds
of meters across. Detailed examination of the sonar records shows that small mounds,
typically less than 10 to 15 m across are associated with these features. These large
features appear to be carbonate hard bottoms which may consist of many smaller
mounds. In the central and east-central part of the survey, taller mounds are evident by
acoustic shadows. These are often irregular in shape and associated with subcircular
regions of high backscatter. In the far-eastern part of the survey, small mound clusters
are seen associated with subcircular areas of high backscatter. Subbottom profiler
records suggest these small mounds are the outcropping parts of larger buried mounds.
There is also a suggestion that some of the tall irregular mounds are associated with
broad carbonate bases, as if they grew atop hard bottoms similar to those farther west.
Unlike high backscatter features in other megasites, those in Megasite 2 are not linear and
rarely appear to have a preferred direction or location relative to the mounds. Near the
southern edge of the mosaic, a faint, curvilinear higher backscatter feature is the scar of a
slump mapped by prior MMS surveys (Laswell et al. 1992).

Megasite 3

The Megasite 3 mosaic shows four main features: mounds, low carbonate hard bottoms,
high backscatter areas, and a shoreline ridge (Fig. 4.4). Large mounds are seen clustered
in two main areas on the east and west sides of the site. The eastern mounds are mainly
subcircular features 50 to 100 m in diameter and many have flat tops. Site 5 is located in
the cluster in eastern central part of the megasite. On the west side of the megasite, large
and small mounds are clustered into a linear group that trends to the southeast. Two
smaller groups appear to its north and northeast. Two areas of broad carbonate hard
bottoms appear in the megasite, one in the center of the survey and another in the
northeast corner<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>